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INTRONUCTIOH

The contamination of butter from churns has loné heen
recognized as a serious problem and this reslization has
prompted investigators to study its importance under various
conditions and to attempt to find methods for its control,
Proper pasteurization eliminates the yeasts and molds from cream
and reduces the bacterial content to a minimuwn but recontasmina~
tion from several sources, principally the piping, pumps and
churng, may cancel the good effects of such treatment. The
piping and pumps respond readily to treatment with heat or
chemicals but the churns, because of their construction, pre-
sent difficulties which have made it impossible to eliminate
them as a source of the contamination of butter.

Butter ié ordinarily held for varying periods before being
consumed and during this holding the activiiy of organisms pre-
gent may result in serious deterioration., 8Since salt in butter
has a restraining action on many orranisms, the present tendency
toward the menufacture of unsalted and low salted butters
emphasizes the'importance of controlling the contamination. Pre-
vious investicetions on churn sanitatlion have dealt largely with
yeast and mold contamination; the greater importance of bacteria
in butter deterioratlion emphasizes the need for extensive investi.-
gations on the sources of bacterial contamination of butter and

methods for ite control.



5=
STATEMENT OF PROBLEY

The work herein reported involved (a) methods for estimat-
ing the contamination from churns, (b) the determin2tion of the
extent of contamination from churns, (¢) a study of the
efficlencies of various churn cleaning methods in reducing churn
contamination, (d) the effect of contamination from churns on the
keeping cuality of butter, and (e) a study of the creamery air

as a fsctor in churn contamination.
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REVIEY OF LITERATURE

Lund (11) attributed the presence of larve numbers of yeasts
vhich he found in pasteurized cream butter to contaminastion
following the pasteurization because, as bhe had previously shown
(10) yeasts were killed by proper pssteurization. He stated
that infected chuirns are an imvortant source of yeasts and molds
and that neither treatment which chloride of lime nor with
"gcaldine hot water® wére effective in removing the infection.
He found that trestment with hot freshly prepsred milk of lime
along with occasicnal repascking of stuffing voxes was effective
in reducing the yeast count on the butter to less than 10 ver
ml. In a later study (12) on 337 lots of Canadian butter Lund
Tound the majority of the mold counts run below 10 per ml, while
the majority of the yeast counts were 1000 per ml. or over. He
stated that "where extensive contamination by yeasts occurs
probably even heavier contamination by bacteria takes place at
the same time." In a more recent article (12) Lund pgave data
on 537 lots of "S8torch negative® creamery butter which showed
that over 50 per cent of the lots had yeast and mold counts be-
tween 1000 and 99,000 per ml, His investigations led him to
conclude that ~here high veast counte werse ths repular thing,
nine tiues out of ten the trouble was due to a yeast infected
churn, It is alsc of significance that he found a distinect corre~
lation between high yeast counts and high bacterial counts in

butter made without starter.
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The work of Gresory (2) shows that the churn may be an im-
portant source of contamination and that ordinary cleaning
methods do not eliminats their infection., He determined the
amount of infection remainling after varioue clesning treatments
by adding about 200 gallons of water to the churn, revolving it
in high gear for 30 minutes and determining, by plate counts,
the number of orpanisms added by the. churn. The churns were
used every day except Sunday and each trial was run immediately
after churning. The methods used and results obtained from six
trials with each method are as follows:

In method A the churn wae filled about one-fourth full of
water at 180° to 190°F., 2} pounds of "VWyandotte" were added,
the churn revolved in high gear for 10 minutes and then drained
and dried. Just before the next churning the churn was rinsed
by filling it about one~third full of hydrant water and rotat-
ing in high gear for five minutes. This method gave a great
variation in the results, indicating that it is unreliasble.

The number of orpganiagms thst wouvld have been added to the cream
by this method averared 278,148 per ml,, 10,583 of which were
acid tolerant (larvely yeasts and molds).

¥ethod B was the same as method A except that the churn
was given a preliminary rinsing with U0 pallons of water at
160° to 170°F., for five minutes., The variations in results
were not as great as wlth method A and tihe sdditional washing

effected a 38 per cent reduction in the total number of
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microorzanisms and a 42 per cent reduction in the =zcid tolerant
orzanisms as compared to method A,

Method C differed from method B in thst just before churn-
ing about U0 esllons of water at 180° to 190°F. and about one
pound of "¥yandotite" were added and the churn rotsted in high
gear for five minutes and then drained. It was then filled one-
fourth full of water at about 60°F, and rotated for three
minutes and drained., This method gave much more uniform results
than either of the two previous ones and resulted in an 82 per
cent reduction in total number of microorsanisms and a 60 per
cent reduction in the acld tolerant ones as compared to method
B,

¥ethod D differasd from method C only Iin the addition of
two ounces of commercial germicide to the cold water rinse just
vefore churnine, The counts secured with this method were not
only low, but exceedingly uniform throughout., With it an aver-
age of 9,666 wmicroorranisms per ml,, 1,433 of which were acid
tolerant, would have been added to the cream,

In method E the churn was washed as in method B and im-
medlately treated with a suspension of two pounds of hydrated
lime in four gallons of water. The churn was rotated a few
turns in order to distribute the suspension over ths interior
and then allowed to stand with the door open and without drain-

ing until the followins day when it was ¢lven two good rinsings
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with water at about 60°F, just before churnine, The results se-
cured with this method were unsatisfactory, the numbers of the
microorranisms in the rinse water being only slichtly less than
with method B, The only advantgwe of the lime was that it im-
proved the odor of the churn.

In method F hot water was substituted for the first of the
last two cold water rinses in method B, ¥With method F there
was sn 89 per cent reduction in the totsl number of orpgenisms
and a 72 per cent reduction in the acid tolerant ones as con-
pared to method ¥,

It is evident from the above data that with ordinary methods
of washing churns-considerable numbers of microorganisms are
added to the erezm during the churning process and that even
with careful cleaning methods the churns are far from sterile,
The far greater numbers of bacteria than of acid tolerant organ-~
isms, which ars lareely yeasts. and molds, emphasizes the im-
portance of the former,

Bouska and Brown (1) state that the churn may be an iwmpor-
tant source of yeasts and Qidla in pasteurized cream vutter unless
it 18 carefully trzated., They state that the workine of butter
added more yeasts than the churnine because of the orranisms
forced out of the fixtures of the workers during the working
proceas, They found that they could predict, with a fair degree

of accuracy, the keeping quality of butter from the yeast and
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mold counts because the butter with hich counts generally did
not keep well; no data to support this contantion were presented.

Stiritz (22) suppested that yeast and mold counts should
be used as an index to the whole buttermaking process rather than
ﬁo the pasteurization only bvecause of the poesibilities for con-
tamination followines pasteurization. He mentioned tlr churn as
an especially important source of yeasts and wmolds,

The importance of churn sanitation in relation to the keep-~
ing cuality of butter is emphasized by the work of Shutt (20).
Yrom a study of 21 samples of pasteurized cream butter held in
cold storare at 10°F. for about six monthe it appeared that
butter made from pasteurized cream churned with the least possi-
ble contamination held its grade to a better advantaze than
butter made from pasteurized oream contaminated durine the churn-
ing process.

In a later study Shutt (21) demonstrated the extensive con-
tamination in certsain churns and reported data to show the
effectiveness of various sterilizing media in reducing this con-
tamination. A one per cent peptone solution, instead of sterile
water, was used as a rinse after the various chemical treatments
in order to eliminate any residual germioidal effect of such
chemicals, Physlological salt solution was used for dilution
of the samples and plating was made on milk powder agar. Sever-~

al churns of one, two and eipht gallon capacities, all
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excessively contaminated by exposure to sour cream, were used,
With an eizht gallon churn, successive rinsing resulted in a
decided reduction in the microflora., In the first trial, the
first rinse showed 5,U49%,000 bacteria and 285,000 molds per
ml, while the fourth rinee showed 763,000 bacteria and 57,000
melds ver ml., 1In a second trial the first rinse showed
3,650,000 bacteria and 215,000 molds per ml., while the fourth
rinse showed 37%,000 bacteria andizh,BOO molds per ml. With
the one wallon churn, after exposure to boiling water for two
minutes, the first rinse showed 219,000 bacteria and the
fourth 7,650 bacteria per ml,

A two gallon churn showed considerable contamination
after it had been treated as follows: It was filled partly
full of saturated lime solution which was heated to boiling for
five minutes and thgn diluted to the capaclty of the churn.

The churn was then allowed to stand for threze days wilthout
draining. Boliling the solution for 30 minutes before diluting
eliminated the molds and reduced the bacteria to 359 per ml,

of rinse water, The data showed that the use of a 0,3 per

cent sulphuric acid solution for 5 minutes reduced the bacteria
from M2,933{333 to 1,980 and the molds from 1,100,000 to 31,500
per ml, of rinse water, These reaults dlscouraged further in-
vestigations on the use of this chemical,

Two commerciel germicides were tried on the three gallon

churn., A gsolution of seven prams of "Sterilac" in one gallon
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of water exposed for five minutes reduced the bacteria from
1,954,330 to 173 and the molde from 32,250 to 170 per ml. of
rinse water while s %0 wminute exposure reduced the bacteria
from 25,525,000 to 425 per ml., & 2 per cent solution of "Montanin®
when used cold for 30 minutes tended to decrease the bacteria
and molds considerably, but the number of each rewmaining was
2till too high to recommend its use. Vhen used in hot solution,
however, there was 2 marked decresgsz in both bactaria and molds,
egspecially in the latter., In this case the bacteria were re-
duced from 6,060,000 to 1,300 and the molds from 6,500 to 30
per ml, of rines watewr.

Due to the unsuitability of the churn used the results se-
cured on hyperactive iodine in concentrations rangine from 0,10
to 0.229 per cent were very inconsistent. The data secured with
a different chnrn in one of the experimente, however, showed
that the hyperactive ilodine had a decided germicidal effect
upon the bvacteria and molds. The data also showed that hyper-
active ilodine can penetrate fat very readilv--a very significant
Tactor in the sterilization of gresasy churns.

Ruehle (12) émphasizes the difficulties involved in churn
sanitation by stating: "The churn is perhaps the most diffi-
cult of all utensils to sterilize, because it is made of wood,
which is certain to be more or less porous.” He mentioned ithat

churns in constant use should be sterilized freocuently and
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sugrested thst overnight soaking followed hy hot and cold
rinsing should be sufficient. For new clwrns and old ones which
had stoosd idle he sueseated soaking for three dayes with milk

of lime. Wo data were raported.

The results reported by Haglund, Barthel and Waller (U4)
show ne eignificant ilwprovement in the keepine ocuality of butter
ag =2 result of the introduction of modifications in the churn
cleaning methods then used in well-managed Swedish creameries,
Thease investipators ran a series of tests in 14 well-managed
dairies in which ramples of the test churnings were examined
after 10 and 20 days of storage. OCheck samples of each batch.
of cream were churned in a sterlle =wmall metal churn, TFour
churn cleaning methods were %ried: (1) Hot water alone, (2)
hot water and coating of lime, (3) hot milk of limwe, and (k)
water heated to boiline with steam, They found that the last
named method was most effective in that with it they could pro-
duce yeagt--and mold-free butter, The churn became infected
again after standing from three to five daye. This emphasized
the need for regular treatwent in the care of a churn, A compari-
son of the scores on th: butter from churns receivinge ordinary
treatment with the scores on the butter from churns receiving
speolal treatment showed that the butter from the "sterilized"
churns was of somewhat better ouality, tha average difference
in 1 trials being 0.9 points after 10 days storage and 1.6

points after 20 days accordings ta the Swedish scoring system,
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Hood and White (7) presented data showin: that a tewrera-
ture of 1&50F, for 10 minutes destroyed all the yeasts and molds
in cream, They menticned the churn as the meat troublesome
source of contamination of cream subsecuent to pasteurization
but reported that contawination frowm churne was nct serious if
a new churn wass used and liming was practleed regularly.

Quam (17) compared the efficiency of chewmical sterilizers
for churn trestment with the ordinary methods with hot water
and milk of lime which he refers to as the "old method", This
"old methcd" was as followe: The fat was rinsed out with warm
water. The churn was then filled one-third full of water to
which was added one gallon of 1% per cent milk of lime, After
heating the mizture to ae high a tempersture aé rracticnal with
steam the churn was revolved for a perlod, drained and dried.
The effeciencies of the variocus churn cleaning treatments were
determined by plating water used fto rinse the churn just before
churning and after the churn had been previcusly rinsed with
40 gellons of tap water. Ten liters of gterile water were ex-
rosed to the chum for five minutes snd then the bacterial con-
tent of the water was then determined by plating on standsrd
agar and incubating the plates for 48 houre st 3700. znd the
yoasts and molde were deterwmined by plating on acidulated whey
agar snd incubating the plates for five daye at room tempera-
ture. The results were expressed ac the number of microorgan-

isms per churn,
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The fourteen trials reported on the "old method" of treat-
ment show an averagce of 12,7%7,000,000 bacteria per churn.
Since the capacity of the churn was calculated as aprroximately
1,000,000 wl. this treatment would have resulted in an average of
12,787 ornaniems being added per ml. of creém. In seven trials,
a slgnificant decrease in microorganisms was noted when the
"0ld method" was followed by a § minute exposure to 10 gallons
of water containing % oz. of "Diversol".(a tri-sodium phosphate-
sodium hypochlorite mixture). With this added treztment the
orsaniems per churn were reduced to 2,(%%,500,000 bacteria and
293,000,000 yeasts and molds. 1In a series of 4 trials the same
chemical was used as the sole weans of treating the churn. The
chemical was 2dded at the rate of one ounce per gallon to 50
gallons of water at temperature between 120° and 1250F, and
the solutions were exposed to the churn for five minutes., The
reaults show an averaps of 2,53%2,500,000 bacteria and 137,000,000
veagts and molds per churn.

The best resulis were obtained by following the "old
method" with a rinse of 10 gallons of water containing chlorinated
lime, In three triels a concentration of two ounces in 10 gallons
ghowed an averare of 2,135,000,000 bacteria and 390,000,000
&easts and molds per churn., In series of 7 trials a concentra-
tion of four ounces in 10 gallons gave an aversge of %0&,506,000
bacteria and 125,000,000 yeasts and molds per churn. In another

geries of seven trials where six ounces in 10 gallone were used
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the average ocounts showed only 177,000,000 bacteria and
71,795,000 yeasts sand molds per churn. Only two triasls were re-
ported in which a concentrations of eirht ounces per 10 g¢allons
was vsed. The averaye count for these was 529,775,000 bacteria
and 30,000,000 yeasts and molds per churn; the author sugzests
that laxity on the part of the persons washing the churn
probably accounted for the count veing high in one of these
trials. The above data show that contamination frbm a churn
was neglicible when the "old method" of ﬁashing was followed
by a rinse with 10 gallons of water containine six ounces of
chlorinated liwe,

The butter maker complained of the churn -sticking after
the different chemical treatmentes but no attemot was made to
determine whether or not the complaints were well founded.

Groth (3) staied that churns are the greatest source of
the contamination of pasteurized cream but that if proper wash~
ing procedurees are used it is possible to keep them practically
free from veaets and molds, His method for "sterilizing" a
churn wvas to rinse it for 5 minutes with 30 gallons of hot
water followed by a 15 minute exposure to from 100 to 150
gallons.of water at a tewperature of not less than 130°F,

The rTesults obtained by Yacy and Combs (14) indicate that
raw cream, plpes, pumps and churns stand out as the most
serious potential sources of mold in butter. They mention

churns as perhapes the worst of all creamery eculpment from the
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standpoint of mold contamination becaues of the difficulty of
cleaning, Butter produced in a churn which had stood idle for
some time was found te be very badly molded after a few weeks
while a second and a third churninpg showed diminishing numbers
of molds. This illustrates the importance of regular treatment
In controlling molds. In one of sixteen commercial creameries
investigated, the churn and also the pipes, pumps, etc., proved
to be fertile sources of mold infection. A later visit reveal-
ed thi all the sources of contamination had been eliminated ex-
cept the churn which, on account of its age and condltion, was
imposeible to clean., In two other creameries the churns were
padly infected but respvonded readily to careful treatment.

Schmidt (19) gives an account of Swedish and Danish experi-
ments on churn treatment. In the Swedlsh experiments the churns
were cleaned ln the customary manner snd a counts was made on
the hot rinse.waters at the end of the exposures, The churns
wers filled from 6.8 %o 12.9 per cent full of water at tempera-~
tures rangins from 72° to 95001 and the periods of exposure varied
from 6 to 17 minutes. The counts on the water at the end of the
exposures ranged from 6,300 to 876,000 bacteria per ml., showing
that considerable numbers of bacteria survive such tresatment,
In the Danish experiments five methods of cleaning were used and
counts were made on the butter and buttermilk from th churns,
In every‘case a contiol churning was made in a steril small metal

churn. The results showed that only the treatment with water
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heated to boiling with steam was effective in destroying harmful
bacteria., The data also show that the butter made in a carefully
cleaned churn scored hicher sfter storare than did the butter
from a churn cleaned by ordinary methods. The differences in
score after 10 days storape ranped from 0.0 to 3.5 points and
after 20 days from 1.0 to 6.5 points. These results emphasize
the importance of a clean churn in the production of butter of
good keepine ouality.

James (%) showed that the churn may be a source of contamina-
tion of butter and that 1t ie difficult to entirely eliminate
contamination from churns, He used two churns of 300 1lb. and
450 1b. capacities. In the first series 11 trials were run to
determine the extent of contamination frowm churns which had been
cleaned rather thoroughly. The churns were rinsed with hot water
and then filled one-third full of hot =water with washing soda
added and revolved for 15 minutes in high pear. They were finally
rinsed with steaminy hot water, drzained and turned with the doors
up, after which the doors wers covered with muslin. Before use
each time the churns were filled on&third full of water heated
wifh gteam and revolved in hizh wvear for 15 minutes and then
drained and cooled. The churns were limed once every two weeks,
the lime solution being left in the churns over night, The ex-
tent of contamination was estimated by introducing 12 gallons of

sterile water into sach churn and plating the rinse water on malt
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agar after rzvolving the churn in hirh cear for 15 minutes with
the rollers workinx, The yesst and mold counts on this rinse
water ranred from 13 to 312 per ml,; with one sample showing so
many colonies on the plates thzt they were uncountabls, Vo
baocterial counts were run in this series.

In the second series 16 triols were run using different
cleaning and sterilizing methods., Four factors were considered,
namely, (1) the sterilizing apent, (2) the amount of sterilizing
medium, (3) the temverature and () the time of exposure. Iwo
sterilizing media were considered--heat and a chemicsl. In the
heat treatment the water in the churn was heated with steam and
the churn was then closed and run or allowed to stand for differ-
ent periods, 1In the latter case it was turned over two or three
times during thé‘holding reriod to insure exposure of all varts
to the hot water. The chemical used was labelled as containing
10 per cent available chlorine, Various dilutions of this were
tried and the churn was handled as with the heat treatment.

Two amounts of sterilizing medium were used, the churn being
filled two-thirds full in some runs and one-third full in the
others., When heat was used as a sterilizing avent the temperature
of the water at the end of the exposure varied from 1?20 to 192°r,
and when chlorine solutions were used the temperature varied from
that of tap water to 176°F. The periods of exposure to the differ-
ent treatments varied from 10 minutes to % hours, The yeast and

mold counts were determined zs in the previous series. 1In 12 of



20—
the 16 trisle bzcteriel connts were slso runm by plating on stan-
dard agar, The data show'that in the 12 trials in which both
veast and wold and bacterial counts were determined the churn was
rendered yeast and mold free seven times but in 411 cases still
vyielded some bacteria to the sterile rinse water, Tor the 12
trialg in which both counte wers made, the yeast and mold counts
renged from O to 11 and averaped 2,7 per ml, while the bacterial
counte ranged from 1Al to 17,750 and sveraced 4,653 per ml.

In voth heat snd chemical treatmente the sterilizine medium
was moat efflcient when the churns were filled two-thirds full,
Higher temperatures and longer exposures greatly favored the
chemical treatment and as a whole the results from this type of
treatment were rather successful. The smzll amount of chlorine
carried over in the plating may have had an inhibitory effect,
and therefore the results may have been somewhat low. In the
four trials in which the bacterial counte were not renorted the
yeast and wold counts were very high, ranging from 24 to 255 per
ml. These high counts were obtained with the churn filled only
one-third full of the sterilizine medium and with either the
time of exposure short or the temperature of the medium low,
Temperature of medium, fullnes« of churn and time of exposure were
apparently the cardinsl factors to be considered in churn cleaning.
The fact that microorgsnisms were discharged into sterile water

even after rather severe sterilizing treatment suggests that they
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must have been lodped in inaccessable places in the churn and
freed durine the churnine and workine processes. James surgested
that the churng are not rendered sterile because the sterilizing
arent does not come in contact with the orwsanisms,

In the third series of evperiments the efficiencies of
various chemical sterilizers in destroying microorzanismg in rinse
water from a churn were determined. In the 14 experiments samples
of water contaminated by exnosure to a churn, or, in three cases,
with yeast and mold types originally obtalned from a churn, were
treated for 10 minutes with the chemicals and then plated for
veasts and molds as in the pravious trials, O8terilizer A, an
alksline chloramine mixture was used in a 1:160 dilution and
failed in 2ll six trials to render the solution sterile., Solu-
tion B, containing 2.13 grame of available chlorine per 100 ml,.
of solution, was effective 12 times out of 17 trials using dilu-
tions ranging from 1:160 to 1:1000, In the 5 remaining trials
the reductions in or+anisms ranged from 95 to 99 per cent.
Solution ¢, a hypochlorite solution containing 3,86 grams of
available chlorine per 100 ml. of solution, was entirely effec-
tive in all 15 trails usine dilutione of 1:100 to 1:1000. Solu-
tion D, a home-made hypochlorite containing 4.67 grams of avail-
able chlorire per 100 ml. of solution, was effective 7 tiwes in
13 trials in dilutions of 1:100 to 1:1000. In the six remain-
ing triaslsg the reductions varied from 95 to 99 per cent. Solu-

tion E, containing 2,23 grams of available chlorine per 100 ml,
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of golution, was effective @ times in 10 trials in dilutions
rangine from 1:100 to 1:1000. In the remaining trial only one.
mold colony was found on the plates whereas the untreated water
had a count of 675 yeasts end molds per ml. TFrom the above
data it 1s evident that chemical sterilizers are effective when
in direct contact with the contamination but it must be borne
in mind that the small amount of germicide carried over in the
platineg may have had an inhibitory effect on the growth in the
plsates.

Libbert (9) showed the possibility of yeast and mold
growth bn the wood of churna, He isolated 47 yesste, § molds
and one Fusarium from churns under different ganitary conditions
by rinsine with tap water and vlating the rinsings on wmalt agar.
Of the 57 organiems, only three of the yeast tyrves falled to
grow on a wedium made up of water, 2.5 per cent asar and 3 per
cent ground fir wood, which is the wood commonly used in churn
coenstruction,, The orvanisms also grew on water containing 2.5
per cent asar but these cultures died within 10 days while those
grown on the medium containing ground fir wood remained viabvle
for at least six weeks. ILibbert stated that in churns the pitted
condition of the wood which soon develops and the imperfect
olosure of seams and joints offer favorable harbors for bacteria,
veasts and molds, He found svidence not only of the accumula-

tion of debrls in thes joints, eto. bﬁt algo of growth. Attempis
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to icolate the orvanisms responsible for the srowth falled,

The difficulty of rendering churns sterile is emphasized
by the work of Horrison, Macy, and Cowbs (16) on the efficiency
of varioue churn cleaning methodes. They used 2 churn which had
a high natural contamination and which they contaminated exces-
sively by the addition of broth cultures of species of molds
commonly found in churns, In general, before each treatment,
the churn was rinsed with three @allons of tap water. It was
then subjected to various trezatments, using hot water, steam,
hypochlorites or chloramines as sterilizing media, following
which the churn was rinsed with one pallon of sterile skinm
milk., This materisl provided a good wmedium for the growth of
any survivins organlsesme and in instances where chemicals were
used, it absorbed excess chlorine, thus eliminating any residual
effect of the chlorine on the plates. Representative samples of
the rinse watexr from the churn before treatment and of the skim
milk rinse after treatment were tsaken for plating., The samples
were plated directly on wly acrar and the plates for mold counts
were aclidulated with tartaric a2cid. The results were expressed
oualitatively rather than quantitatively to sive a relative idea
of the amount of infection.

In five trials with hot water treatment temperatures of 85°
to 84°C. and periods of exposure rangins from 5 to 60 minutes
were ineffective in reducing either th: bacterlial or mold infec-

tion of the churn. The churn was filled one-sixth to one-third
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full in these five triels. In one trial in which the churn was
filled one-third full of water =t 9600. and exposed for a veriod
of %0 minutes, the mold infection wae entirzly eliminated but the
data indicate no anvarenl reduction in the numbers of bacteria,.
In thrze triale in which the churn waa filled full of water at
97.29 to 97.7°C. and exposed fer a period of 180 minutes, the
mold infection was eliminated and there was an appreciable reduc-
tion in the numbers of bacterla., These three trisls wera run on
successive days and from the data 1t is apvarent that resular
treatment was effective in controlling mold infection. Uvon
standing idle, howsver, the churn was soon again infacted wizh
molds,

In the steam treatments, the steam was allowed to flow slow-
1y into the churn for a psriod of thres hours., In four trisls
ths molda wers entlrely aliminatsed and on the third consecutive
day of the steam treatment the bacterial count was markedly de-
creased. Hormel fructification of the molds bewvan agzain after
the churm had stood idle for several days.

Four trials wers run with sodium hypochlorite solutions
using concentrations ranging from 35 to 265 ppm. and periods of
exposure ranging from one-half to 1% houre. The churn was filled
ong~third full of solution at 15.600. in two trials and full of
golution at IOOQ, in the other two. From the data, there was
no aprarent rcdﬁotion in either molds or bacteria in any of the

trialse,
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Four trials wers run with a2 hypochlorite in combination with
tri-sodium vhosphate, using concentrations of available chlorine
ranging from 53 to 243 ppm. and temperatures ranging from 10°
to 15.6°0C. The churn was filled full in two trials and two-thirds
full in the other two, In two of the trials the periods of ex-
posure were 2 hours and in the other two 18 hours. In only one
of the triales was thers any simmificant reduction in molds. In
this case the churn was filled full of solution containing 274
ppr. of avallable chlorine, the temperature of the solution was
12,.2°9C. and the period of exposure was 18 hours, None of these
treatments was effective in reducing the infection with bacteria,
Four trials with chloramine-T solutions were reported. The
availaoble chlorine concentrstions ranged from 46 to 350 ppm.,
the temperature from 4g,.2° to 51.600. and the periods of exposurse
were 2 hours in two trials snd 18 hours the other two, The churn
was filled one-~third full in one triel, five-ninths full in
another and full in the other two. In one of the trials, in
which the churn were filled five-ninths full of a sclution contain-
ing 46 pom. of avallable chlorine, at & tempersture of 51,6°C,
and exposed to the molution for 18 hours there was a2 eignificant
decreage in molde but none of the other treatments had any such
effect. In none of these trisle was there 2 sipnificant reduc-
tion in the numbers of bacteris, thus indicating, as with all
the other treatments, that bacteria are much: more difficult to

eliminate than molds,
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A summary of the results secured by lYorrison, Macy and
Combs indicates that, of the methods used, sufficient exposures
to hot watter and sufficient exposures to free flowing steam
were the most satisfactory. The authors state very definitely
that "solutions of sodium hynochlorite, alkaline crystalline
hypochlorite and chloramine-T were ineffective."

In studies on the rate of heat penetration of wood the in-
vestigators found that when the surface of wood from a churn was
exposed to boiling water i1t recuired a period of an hour and a
half for the heat to penetrate the wood to a depth of 1-3%/8
inches and raise the temversture to 62.2°C,

Macv, Combs and Morrison (15) showed that numerous infection
focl exist in churns. Thelr work involved tha dismantling of two
churns: Churn A, which had been in service in a comrercial
creamery for about 10 yvears and had been treated in an ordinary
way and churn B, which had been in service in the University of
Minnesota creamery for sbout 3 years and had been reoularly sub-
jected to cereful treatment. Scrapinge or blocks of wood were
taken from every conceivable vplace as the churns wers dismantled
and altopether 230 samples from churn A and 73 samples from churn
B were secured. The wresence of infection in the various foci
was determined bv immersing the samples in sterile water over
night and platine 1 ml., of the fluid on acldulated whey agar and

incubatine for five dayvs at room temperature. The results, which
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were expressed ouzlitatively, showed that of the totzl of 230
samples token {vom churn 4, 192 carrisd wolds while of th 73
samples from churn B only 22 showed mold infection and only five
of %these vroduvced more than two mold colonies mer plate. This

shows the advantase of revular and efficient cleanin

z in pre-

venting th: wold mycelium from penetrating the cracks and
crevices and gaining 2 foothold thers, The wood at the joints
upr to a depth of 1 inch and at other poiuts somewhat reaoved
from the action of any sterilizing medium were found to be in-
fected with molde. The 2uthors state: Y"“hile this report does
not concern itself with yeastis or bscteria in the churn, it
might be mentioned that the former were culte consistently
present in lthe great majority of cases and the latter always,
sometiwes in larpe nuwbers." This statement sugpests the great

lmportance of thes churn zs a source of bacteria,
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METHODS

A, Yethod for determining the microbioloric
conditions of churns

1. Rinse method

A method which is commonly used in studying churn contamina-
tion ias to rinsz the churn with water, milk or other liocuid and
then determine the bacterial oontent of the rinse. This is
designated as the rinse method; the details as used in this in-
vestipation are as follows:

Ten gallons of water are added to the churn and the churn
revolved in high gear, usually for 10 minutes. At first the
water was "sterilized" in 10 gallon cans by heating to nearly
boiling with steam and cooling over night, Later ordinary tap
water was used because the counts on it were found to run con-
sistently low, In elther case a sample of rinse before exposure
to the churn is always plated so that the organisms added by the
churn can be calculated,

After exposure to the churn a sample of the rinse is taken
with a sterile 5§ ml, pipette and placed in a sterile cotton
stoppered test tube. As soon as possible the sample is plated
on beef infusion agar for the determination of the bacterial con~
tent and on acidulated malt agar (pH. 3.5) for the determination
of the yeast and mold content. Unless the sample can be plated
immediately it is held in ice.water until plated but in no case

is a sample held for more than four hours. The plates are
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incubated at room tempersture (about 70°F.) for féur days and
then counted with the aid of a hsnd lens. Occaslonally it is
necessary to count the malt agar plates at the end of two or
three days 1f the molds are very numerous because in such cases
the plates soon become overgrown with a mass of mold mycelium
which make accurate counting impossible,

In the chlorine treatment studies 99 ml. sterile, litmus
milk blanks are used in diluting the samplesz of rinse water for
plating; this is done in order to eliminate any residual chlorine
in the water used to rinse the churn after treatment. The 1it-
mus milk blanks are incubated for some time before beinc used in

order to establish their eterilitvy.

2, Agar disc ﬁethod
A wethod for studyins the contamination from churns,

designated as ths agar disc method, was reported by Hammer anml
Olson (6). The procedure involves allowing a small amount of
special apar medium to s0lidify in contact with the surface to be
studied, the tr2nsferring of the disc thus formed to a sterile
petri dish, and finally the countine of the colonies that develop
on incubation,

a. General steps in the method

1, A tube of spescial agar medium (about 10 ml,) is melted
and cooled to from 105° to 110°F,

2., A amall area of the surfsce of the interior of the
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churn 1s moiatened with sterile water, using a sterile
cotton swab,

3. The medium is poured on the moistened ar=a and allowed
to aolidify.

4, The disc thus formed is picked up with a sterile
gspatula and tipped into n sterile petri dish so that
the side of the disc which was next to the wood will
be towe=rd the top of the dish,

5. The disc is incubated at 700F, for four days; in case
the colonies are so numerous that there is dsnwer of
them growiag topether the incubation veriod ie reduced,

6. The colonies apnearineg on a measured area of the disc
are counted and the results expressed as the number per
souare centimeter,

b. Detailed steps in the method for surfaces nearlv horizontsal

1. The medium used is beef infusion acar containing 2.5
per cent of air dried agar. This hicrh concentretion
of arar is used because when dlscs of a suitable size
(5 to & em, in diameter) are prepared with s medium
containing only 1.5 per cent of alr dried avar they
nsually break when an attempt is made to transfer then
from the churn surface to the petri dish. The medium
containing 2.5 ver cent of avar ls somewhat more diffi-

cult to prepare than that containing only 1.5 per cent
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azar; a convenient method is to make up the 1.5 per
cent infusion arar and then add the remaining 1.0

ver cent of asar and incorporate it by autoclaving,
The medlum is atored in teat tubes, approxiwately

10 ml., to each tube. The tubes of medium needed for
the churn or churns to be examined are melted, cool-
ed in water to 1059 to 1100F, then held at this
temperature,

Very satisfactory discs can be prepasred by having

the surface of the churn cool and dry and then moist-
ening, with sterile water, the exact area to be
covered just before the agar is poured on, The agar
flows freely over the molst surface and thus the

size and shape of the disc can be controlled., *hen
the entire surface is wet the mediun flows fre=zly

in a1l directions and, as a result, a disc too thin
to be handled and of an unsatisfactory shape will
likely result, while when the surface is dry the disc
may be of a very irregular shape and generally adheres
g0 firmly to the wood that it tears or breaks when

an attempt is made to remove it, A circular area 5
to & cm. in diameter is moigtened with a sterile
cotton swab which has been dipred in sterile water.
The swab is convenlently prepared by wrappine z small

amount of absorbent cotton arcund a plece of wood, as
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for a throat swab, or around = plece of stiff wire,
putiing this in a test tube, stoprering the test tube
wlth cotton and then sterllizing, The water ls also
conveniently sterilized in a test tube.
The mouth of the test tube containing the arar is
thoroughly flamed and the arar carefully poured on
the moistened surface. If the surface is not hori-
zontal, as shown by the spreading of the agar, the
churn can be tilted slightly so thst the disc formed
will be reasqnably uniform in thickness,
The disc is picked up with a sterile spstvla and
tipped into a sterile petri dish so that the side of
the disc which was exposed to the wood will be toward
the top of the dish. Before attempting to remove the
disc from the surface of the wood it is necessary to
first completely loosen i1t in order to prevent any
portion of 1t from adhering to the surface and breaking
off. This is easily done by placing the blade of the
spatula flat on the surface of the wood and running it
half way under the disc and then repeating this opera-
tion from the other side, A spatula with a thin flexi-
ble blade that 1s rather large and rounded at the tip
is most satisfactory. There should be no sharp edges

since these tend to cut into the disc. Paper may be
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used for wrapping the spatulz for sterilization or
where several spatulaz are to he sterilized a metal
container with an ezeslly removable 1id, such az a
pipette case, may be used, A thin coating of vaseline
or similar materiel will largely prevent the rusting
of the blade durins the sterilization and subsequent
holdine of the apatula,
The usual incuvbation for the disc is 70°F. for four
days. It is advigable to examine the disc ezch day
and consider the incubation period complete in 1@33
than four days if the colonies are so numerous they
are beginning to fuse,
AY the end of the incubation period the colonies on
a measured area are counted. A convenient ares, which
depends on the size and shape of the disc, is ruled
off on the bottom of the petri dish with = wax pencil,
and the colonies within this area are counted with the
aid of a hand lens. Swmzll colonles on c¢rowded plates
are likely to be missed unless a lens is used, The
number of coloniss ver scuare centimeter is calculated
from the numbexr counted and the ares over which these
are distributed. VWhers the colonies are very numerous

it is necessary to depend on arproximate counts or

_even estimates; for this it may be advantageous to
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Tule the desired arca into fractions of a scouare canti-
meter,

c. The method for surfaces not necrlv horizontal

Yhile undoubtedly a fairly satisfectory idea of the micro-
biologic condition of = churn can be secured by preparing discs
on surfaces that c¢an be gotten necrly horizontal (e.q. a chelf, a
roller, a door, ete.) the procadure can oe used on surfaces that
are not nearly horizontal such as the ends of = churn., The wmethod
involves the pcuring of the srecial medium behind 2 lasns nlate
held a short distance from the surface bv 2 gasket eo that an
agar preparztion, comparable to the disce obtalned on nearly
horizontal surfaces, can be secured,

Since zn apar preparation with an ares of 20 so. cw. is very
convenient the :lags platés and raskets wer: originally desisned
on this basig. Olass plates approximately 5 x 6.5 cm. were cut
from heavy window plass. The glase must be g0 heavy that it can
be held firmly aszinst the masket without danwer of bresking or
part of it being found too close to the surface being studied,
The gaskets were made from thick (2 to % mm.) pulp board secured
from stronz pscking boxes, by cutting out rectsnzles 6.5 x 8.5
cm., removin: a rectanszular section 4 x 5 ecm., from each so that
a border 1.25 to 1.75 om, in width wse left and then outting a
section out of the border st one end to provide an opening

through which the medium could be poured. The raskets must be
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made from pulv board which will retain its shape on steriliza-
tion; some of the board tried split into layers when it wes
heated. Tha cut surfaces of the gaskets with which the agar
comes in contact should be very smooth so that the apar can be
eplit from them easily. The class plates and waskets may be
sterilized after wrapping in paper, or ths glass plates may be
sterilized in a petri dish and the gaskets in a beaker covered
with half of a petri dish,

The exact procsdure used for securins an acar prepsration
from a vertical surface ig as follows: A circular area about
7 em, in dlameter is moistened with sterile water usine a
sterile swab, The sterile pasket is removed from its container
with sterile forceps and placed over the moistened area so that
the énd of the asket from which a section has been removed is
at the top. The rlass plate 1s taken from its container with
gterile forceps and placed over the gasket. Vith the plass
vlate held firmly arainst the gasket, the agar 1s poured through
the opening in tha gasket until the enclosed space is full. The
whole le held firmly in place until the medium is thorouchly
golidified. If the glass plate is chilled in a refricerator just
previous to use and the churn is quite cool solidification reouires
only a short time. With a clean churn the firm agar will ordinar-
ily hold the rlass and gasket in place, but when the churn has been

carelessly cleaned so that the surface has retained some fat the
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preparation may fall unles= it ie supported. The crlags plate
is removed by elinpins it alon» the gasket, after whbich itle gas-
ket is removed by runninz the blade of a sterile spatula between
the apar and the anket and 1iftin> the gacket from the surface
of the churn. The arar is then removed with a stsrile spatula
and put into a sterile petri dieh, so that the portion which was
next to the wood is toward the top of the dish. The agar prepara-
tions are incubated and the colonies that develop are counted by
the methods already wiven for discs prepared on nearly horizontal
surfaces,

d, Advantagres of the method

The apar disc method gives a genersl picturs, from the
standpoint of the microorganisms present, of the churn surface
with which the crezm and butter come in contact. The results se-~
cured apvear to be more understandable by butter plant employees
and more applicable to the provlem of contamination from churns
than the resvlis secured by the rinse method,

Comparatively little eculpment ie necessary to carry out
the procedure, all of which is readily available and easily trans-
ported., The preparztions are completed at the churn itself, and
it is not necessary to teke rinss water or sowms such materiszsl to
a laboratory and work with it there. For these reasons the
method is particularly adapted to work in the fileld where it may
be desirable to examine churns in a number of plants on one trip.

Moreover, the temperature of incubation supgested is such that
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during much of the year ordinary room temnerature is cuite satis-~

factory.

e. Ratine of the oconditions of churns on the basls of the arar
disc counte

From the results obtained in the examination of churns in
Iowa creameries and from numerous counts mede on other churns
under varlous sanitary condltions the followino arbitrary classi-
fication, based on the number of colonies develoving, per souare
centimeter of the apar discs, has been developed: <10, very
satisfactory; 10 to 49, satisfactory; 50 to 249, rather unsatie-
factory; 250 to 999, unsatisfactory; and >1,000, very unsatis-
factory,.

f. The use of the method for veast and mold counts on churns

The agar disc method was originally intended for the study
of bacteria in churns, but many species of yeasts and molds
develop on the medium used, "hile the molds are rather easily
di fferentiated the differentiation of the yeaste would reculre
detailed microscopic study of the colonies or nreferably of
8tained preperations made from them., The method can ve applied
directly to the study of yeasts and molids in churns by using a
medium domparable to thoee emploved in the determinstion of
yeasts and molds in butter, In theée investigations whey agar
‘containing 2.5 per cent of air-dried agar and acidulated, just
bhefore pourine, to pH 3.5 with 5 ver cent sterile lactle acid,

was used, The discs are incubated and ocounted the ssme as for
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bacterial counts,

g. The use of the method on churns treated with chlorine
solutions

In anplying the agar disc method to churns treated with
chlorine solutions, sterile litmus milk is used to moisten the
surface to be studied in order to eliminate the residual effect
of the chlorine remaining on the wood,

h., Application of the method to field work

The apar disc method may be used in field work where it
is deelrable to examine a number of churns in different
creameries. The procedure for such field work is as follows:
Enouch material to examine the desired nmawber o»f churns
is packed in some suitable carryins case. The sterile petri
dishes are wrapped in paper to avold air contamination and the
spatulas are elther wrapped in paper or tlaced in a pipette
care for gterilization and subsgecuent wackine., 8Bince the
cotton stoppers in the sterile water tubes are likely to be-
come saturated, rubber stopners are used. The sterile lactic
acld for aciduvlating the whey asar is contained in a smsll bottle
stoprered with a sterile cork, The rest of ths eoguinnent is
prepared as described in the details of the method, The agar
is melted and cooled in a metal cup and a small alcohol lamp
is used to flsme the mouths of the test tubes, the forceps and
the spatulas. Only one spatula is used on each churn but it is

flamed thoroughly before transferring each dige. Trom four to
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seven preparations are commonly secured from each churn, the
usual number belng five, Thege are taken from several places
such as the ends, rollers, shelves and barrel,

1. Qbservations on the method

The best results are obtained with the wmethod outlined
when the surface is cool and dry. A disc too large and too
thin, as a result of the churn beins warm or the surface wet,
can freauently be used by trimmine it with a sterile gspatuls or
gcalpel and transferring the desired portion, A reasonably cool
churn is aleo important when a preparation 1s to be secured
from a surface thst ie not nearly horizontal because the pglass
plate and gasket must be held in place until the medium is
complet=1ly solidified,

In the comparisons carried out the numbers and types of
microorsanisms from various portions of a churn have been much
the same, but some variations have been noted, and 1t seems
advigable to secure preparations from several surfaces unless
only general results are desired. Inthe variations encountered
there was a tendency for the number of orsanisms ner souare
centimeter to be slightly less on the ends and rollers than on
the shelves and barrels. i

Hammer and Olson give results obtained in a number of

trials in which the azar disc method was compared with the

rinse method of estimating the organisms in churns, In these
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comparisons agar disc vreparations were first made from various
places in a churn and then 10 gallons of sterile water were re-
volved in the churn for 15 minutes after which the rinse water
was plated on heef lnfusion acar and the plates lncubatzad for
four days at room temperature before counting., In five trials
with one churn the ratio between the number of colonies per
souare centimeter on the azar preparation and the number ver ml,
of rinse water varied from 1 to 1,051 to 1 to 4,167 and in 10
trials with another churn it ranzed from 1 to 222 to 1 to &,097.
The ratio between the asverage number of colonies ver saquare
centimeter of the arar preparations (for the 15 trials) and
averarz number of orpanisms per ml. of rinee water (for the 15
trials) wss 1 to 1,650,

A close relationship between the results of the two pro-
cedures would not be expected if what is being measursd by esch
le considered, 1In the case of the amar preparations there is no
reason to believe that each colony develops from a single bLac-
terial cell and a number of trials in which several discs were
gecured as rapldly as possible from the same area showed very
definitely that not all of the organisms are picked up from the
wood by the arar., ¥ach disc showed decreasing numbers of
colonies but some organisms were still picked up after several
discs had bheen prepared. The colonies developing from the rinse
water probably include many that repreesent 2 group of organisms
and the rinse water cannot be exnected to dislodge zll the

orranisms from the surface of the churn,
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B. Method for determinine the available chlorine
concentrations in chlorine solutions

The method used for determining the available chlorine in
chlorine solutions is as followe: An approximately'tenth
normal solution of sodium thiosulfate is prepared snd a %0 ml.
gample of this 1s tiltrated acalnst standard potassium dichromate
solution using one per cent starch raste as an indicator. The
standard sodium thiosulfate solution is stored in brown bottles
as a stock solution and is titroted acaingt standard potassium
dichromate golution from time to time in order to avoid errors
due to decowposition, Before each svailable chlorine determinse
tion a portion of the stock solution is diluted with the proper
amount of distilled water to make a hundredth normal solution,
This latter strength solution deteriorates guite rapidly and so
a fresh solution of it is made up ecach time it is to be used.

In makine the determinz=tions a 50 ml. sample of the chlorine
solution is placed in a 500 ml. flask containing 10 ml, of a 15
per cent votassium iodide solution and 200 ml, of distilled
water., TFive ml, of concentrated HOl'(Bp. gr, 1.18) are added
and mixed with the contents of the flask. After standing for
two minutes out of thas direct sunlisht the iodine libverated by
the chlorine is titrated against the hundredth normal sodium thio-

sulfate solution, One ml. of a one per cent starch paste is
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at?sd to the flank near the end of the titration as an indicator
snd the eodium thiosulfate solution is added untll the dark blue
color changes to a falnt blue, The parte ver million available
chlorine are calculated by multiplying the number of mle. of

hundredth normal sodium thiosulfate used by 7.1.
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BXPTRIMINTAL

A, Extent of contaminstion of churns
in commercial use

The extent of the contamination of churns in commercial
use wan studied in 24 Towa butter nlante, using the acar disc
method. The period covered was from November 7, 1930 to lay
18, 1931. A total of 27 churns wers examined; some of them
vere examined twice so that the data cover 3% examinations,
Information as to the sige of each churn, years in service angd
usual washing procedure wa= obtained from the plant manscer.
Observatlions on the condition and apvarent cleanliness of esch
churn were made in order to attempt to correlate these with
the numbers and types of microorganisms found,

1. Results of amar disc counts

The asrar disc counts and the microflora of the churns
gtudied are recorded in table 1l; each count represents an
averape of several disces prepared from a churn. The %3 bacter-
i21 counts ranged from 1.3 to »>2,000 per sa. cm.

Ten churns had bacterial counts of less than 10 per so.
cm, and were classified as very satisfactory (see methods).
The organisme in thsse churns ususlly included very few types
and were chiefly members of the genus Bacillus. W%With three of
the churns the washing procedures involved the use of washing
powder, with four lire was used, with two both washling powder

and lime were used and with one neither of these materials wag
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Table 1

Agar disc counts and microflora of churns in commercial use

Creamery Bacteria  Yeasts ¥olds
and Date of ¥No, of per per per
Churn®* Exam, Discs Sg. Cit. 8C, Cm. sSg. em, Microflora
Aa 11/7/3%0 5 1.7 .2 Bacillus types predominant;
few others.
Aa W/13/31 i 6.5 .03 .3 Almost exclusively Bacillus
’ ) tvoes,
Ab h/13/31 5 €.3 .13 1.7 Bacillus types predominant;
) seversl others.
B 11/7/30 2 63 .2 Hany types; yvellow cocci
‘ predominant,
B 4/13/31 5 307 1.2 2.2 Hany types including a
’ vredominance of yellow
and white cocci. Hany
Bacillug tvres.
¢ 11/7/30 6 2258 k.o Yany types; cocci pre-
doninant.
e b/13/31 5 36 .1 7 Bacillus tyres predomi-
nant; severazl others.
Few cocci.
D 11/7/30 h 7.8 1.k Few orcanisme but many

tvres. OCocci types pre-~
dominant.
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Table 1 (continued)

Creamery Bacteria  Yeasts Xolds
and Date of No. of ver ner rer
Churn* Exam, Discs sg. cm, S0. Cii. 80, cm, Yicroflora

D b/13/31 I 20 .3 3.7 Yellow coceci predominant;
several Bacillus types.
Yanv Oidium lactis,

E 11/7/30 6 g.2 .9 Chiefly Bacillus types;
few others.

F 11/28/30 4 >2,000 211 preparations very
heavily seeded. Yellow
cocei highly predominant;
A few Bacillus tyves,

G 11/28/30 5 »>2,000 A1l preparations very
heavily se=sded. Largely
vellow coeci,

H 11/28/30 5 >1,000 A1l preparations heavily
sceded, 7Yellow cocci high-
ly predominsnt.

I 11/28/30 5 6l 1 A Several types non-
chrowozenic coccl pre-
dominant,

J 11/23/30 5 3.3 .1 .3 Few organisms and few

types. Yellow cocel pre-
doainant,




Table 1 (continued)

Creamery Bacteria Yeasts Holds
and Date of ¥o. of per ver per
Churn* Exam, Discs So,. _¢cm, SQ. C7. sg. en. ¥icroflors
Ka 11/2%/30 i 21 A R Several types; many
vellow cocci,
Xb 11/28/30 2 2.9 .9 1.2 Few organisms and few
types; cocci predominant.
L 3/2/31 ) 800 (®st.) Several types; yellow
cocci predominant,
Severa} Bacillug iyres.
L b/13/31 5 34 (Est.) S8everal types; yellow
cocci probably pre-
dominant, Severzal
Bacillus types.
¥ 3/2/31 5 >2,000 Yellow cocci predominant;
several othar types.
N 3/2/31 5 Lg0 Many tvpes vresent.
0 3/2/31 7 37 .2 1.3 Bacillus tyves predomi-
nant; severzl others,
Pa 3/23/31 5 730 Bacillus tyvpes predomi-
nant; several others.
Pb 3/23/31 3 hg2 .06 6.5 Bacillus tyves predomi-

nant; seversl others.
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Table 1 (continued)

Creamery Bacteria  Yeasts Holds
and Date of ° Ho. of per ver rer
Churn* Exam, Discs Sg. Cm. sg._cen, s¢._cn, Microflora

Q 3/23/21 5 64 .1 .06 Yellow cocci predominant;
seversl cther types in-
cluding a few Bacillus
tyres,

R 3/23/31 5 1.3 .02 1 Very few organisms,
Chiefly Bacillus and yellow
coccus typeg.

8 3/23/31 y 32 .Cl A Several types; yellow
cocci predominant,

T 3/23/31 5 297 .03 .1 Several types; vellew and
greyish white cocei pre-
dominant,

U 5/18/31 5 21,200 .1 .2 Severzl types; yellow
cocci hignly vpredominant.

v 5/18/31 5 9.6 0 5.5  PBacillus types predominant;
f=w others.

W 5/18/31 5 3.5 0 o3 Bacillus tyves predomi-
nant: few others,

Xa 5/18/31 5 L7 .3 5.4 Bacillus types highly pre-

dominant: very few others.
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Table 1 {(continued)

Creanery Bagteria Yeasts ¥olds
amd Date of No. of per per 2T
Churn®* Eyxom, Disgcs sg, ¢om, sa. cm, Sn. om Hicroflors
1o 5/18/31 H 33 .3 3.3 Bacillus types highly

predowinant. A few other
types but very few yellow
cocei.

* The capitsl
in creameries with more than one churn,

letters designate the creameries and the small letters designate the churns
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employed. The temperaturgs used ranzed from 1500 to EOOOF. and
th: periods of exposure from 5 to 30 minuteas. Three of the
counts were from churng which had besn trated with chlorine
compounds a8 an additlional vrocedure and with one churn the wash-
. ing procedure included the rinsing out of the fat by adding water
at about 120°F, and revolving for 20 minutes, The churns in this
group had been in service for from six moﬁthsﬂto elght years;
all except one were in pood condition and they were all appsrent-
ly in a satisfactory or verv eatisfactory esanitary condition.

Seven churns had bhacterial counts between 10 and 49 per sc.
cm, and were clasceified as satisfactory. The organisms generally
included seversl types, with the Baclillus types predominant. A
larser proportion of coceli were noted among the organisms from
the churns in this oroup than among those from the churns in the
precedine group. With three of the churns the washing procedures
involved the use of-1lime, with two washiny powdexr and lime were
used ani with two neither of these materials was employed. The
tempverature used ranged from 180° to 200°F. and the veriods of ex~
posure from 5 to 30 minutes, With the churn in creamery C, the
treatment with common salt was apparently responsible for a de-
cided reduction in microorganisms as shown by a comparison of the
count obtained when the salt treatment was being used with the
count obtained in a vrevions examinatlion when the salt treatment

w28 not being used. All except one of the churns was in good or
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falr condition and this one had been in service for 18 years;
the ranee of years in service was from 5 to 18, All of the
churng wera apparently in a satisfactory or rather satisfactory
sanitary condition.

Four churns had bacterial counts between 50 and 249 per
g, om, and were clagsified as rather unsatisfactory. The
orgenismsg in these churnas senerally included many types, with
yellow coccus types vredominant. A considerable number of
chromogenic bacteria were usually present and the Bacillus types
wer: generally in the minority., Of the washinz procedures used
on thege churns, one involved a weekly treatment with lime
while the reet involved the use of lime or washing powder only
occasionally. The temperatures uged in washing ranced from
170° to about 200°F, and the veriods of exposure from 3 or U
minutes to 10 or 15 minutes. The procedure used on one of the
churns included the rinsins« out of the fat by filline one-gixth
full of water at about 130°F, and revolving for 5 to 10
minutes., The churng in this proup had been in service from 3
to 10 years and all were in fair to good condition. All ex-
cept one had more or less yrcase on the surface and iIn one curd
and brine were oozlng from the cracks belween the staves. Three
were apparently in a satiefactory eanitary condition while one
was rather unsatisfactory.

Seven churns had bacterial counts betwesn 250 and 999 and

were alagsified ag unsaiisfactory. In general the microflora
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from these churns included severzl types, with the yellow coccus
tyves predominant. A considerable number of Bacillus tyves
were gsenerally pressnt and in tvo churns from one plant these
were vpredominant. None of the washing procedures used on the
churns in this ~roup could be ccunsidersd as adecuate. One churn
wag subjected Lo a weekly itrestment with lime while the remain-
der werc either only occasionally or never treated with washing
powder or lime. The temperaturses used ranged frow 170° to
2000F, and the periods of exposure from 3 or U minutes to 15 or
20 minutes., Two of the churne were treated occasionally with
chlorine compounde., 'The churns had been in service from 3 to
14 vears; six of them were in 2 fair condition while one was
in a voor condition. All showed more or less greazse on the
surfzace and three showed an acoumulation of curd in the crev-
ices, Five: were apvarently in an unsatiefactory sanitary condi-
tion, one was anparently rather unsatisfactory, zand the remain-
ino ehurn hed not been used for a year or more. Three of the
churng had a slight odor, presumably due to bacterlial development,

Five churns hzad bacterial counts of over 1000 per so. cm.
and were classed as very unsatisfactory. The axar dises from
2l1l of these churme were very heavily seeded with bacteria and
none of them could be counted with any deprese of accuracy., In
every case the yellow coccus types were highly predominant;

several other tynes were crenerally present, partiocularly members
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of the genus Bacillus., One of the churns was washed regularly
with either washing powder or lime, while the others were elther
vashed without these materials or they were used only occasion-
ally. The temneratures emnloyed rancred from 150°F. to "real
hot" and the periods of exposure ranped from 4% or 5 minutes to
20 or 25 minutes. These churns had been in service from 1 to
15 years., Two were in good condition, one was in falr condi-
tion and two were in poor condition., They =211 showed more or
leas grease.on the eurface. In regard to the sapparent sanitary
condition, one was fairly esatiefactory, two wers unsatislactory
and two were very unsatisfactory, ¥Four of the churns showed an
accunulation of curd in the crevices and in one a slivht odor
was noted,

2, Washine procedurcs used and history
and condition of =ach churn

The seneral procedure for washing the churns in commercial
plante in Iowa is as followe:
1. The butter fat is rinsed out with a small amount of warm
" water.®
2. The churn is filled one-third to one-half full of hot
water, revolved in high gear fer a short period and
drained and dried; if cleaninw agsnts, such as washing
powder or lime, are used they are added to the hot water

in the churn,

3. dJust before the next churning the churn 1e rinsed with
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cold tanp water.

The informstion obtained fror the plant managers and the
cbservations made at the tiwe of examination are recorded in
tables 2 and 3. Table 2 rives the details of the second step
in the washing procedure outlined above and any variations from
the general method., From this table it can be readily seen
that the washing procedures used in many of the plants could
not be considered asdeocuate for properly cleansing a churn. ™ith
very few of the procedures were the temperatures used high
enough or the expvosures long enough'to insure satisfactory re-
duction of the bacterial content of the churn, The tempera-
tures and periods of exposure recorded were spproximated by the
plant manager and therefore may have been exagperatad in many
cases., Very fer of the washing nrocedures iunvolved the regular
vege of washing vowder and lime and in ouite a number of plants
the se materials were never used, A chlorine cowpound was used on
only four of the churns examined and on only one of these was
it used rezularly.

The history =2and conditlion of each churn studied are re-
corded in table 3. The capacities ranped from 60O to 1200
pounds, the majority being of from 800 to 1,000 pounds. The
periods of service ranged from 6 monthe to 18 years. In gener-
al, the older churns were in poorer condition than the newer.

churng but some of them were in very good condition while some
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Table 2

Washing procedures followinz rinsing out of fat

Period
Creamery Fullness Temp. of of Additional
and Date of of wgter Zxposure. ¥ashing
Churn®* Lxam, Churn 7. “ashinge Porder L.ime ¥inutes. Procedure
Aa 11/7/30 1/4 "near boil- 2 lbs. once
inz" None a week L5 Rone
Az L/13/31 1/4 " " B K L Rinsed once a
week with 10
gallons of water
containing about
100 pom, avail-
able chlorine.
Ab L/1%/31 1/4 " i " " " il " Same a9 above.
B 11/7/30 1/k 170 2 los. every
3 or U weeks Yone 3L Hone
B 4/13/31 1/4 170 oo " # " lone
c 11/7/30 1/4 140-200  HNone 2 lbs. cnce
8 week 5 iicne
Rollers brushed
¢ Y/13/31  1/3-1/2 180-200 with washing wewooong Onece a week sz

powder solution.

brine (80 gals.
water amd 40

lbs. butier

salt) was heated
to nearly boiling



Table 2 (continued)

Period
Creamery Fullness Temp., of of Additional
and Date of of water Zxposure.%ashing
Churn* Exam, Churn oF, ¥ashing Powder Lime  ¥inutes. Procedure
with steam and
revolved in churn
for 5 miautes,
Drained and dried.
D 11/7/30 1/3 ‘"near boil- 2 lbs. once a
ing"  week one  10-320 None
D }4’/13[-51 1/3 ] ] n ] L] ] 1] # f
B 11/7/30 1/4 " Y Hone " 5-10 "
F 11/23/30 1/3 M"real not" 2 lbs. every
2-3 mos. 2 1lbs. every
2-% mog. H-10 H
G 11/28/320 1/2  "hot" 2 lvs. (or lime)5 1bs. {or .
washing 20-25 "
powdex
H 11/28/30 1/3 175 2 1lbs. )
occasionsally None b5 "
I 11/28/30 1/3  ‘Yreal hot" 2 lbs. every Y

2 weaeks

i 5_10
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Period
Creamery Fullness Temp, of of Additional
and Date of of water Exposure. ¥ashing
Churn* Exam, Churn Ox, YWashing Powder Liwe Hinutes. Frocedure
J 11/28/30 1/6 150 2 1bs. Yone 5-10 Filled 1/6 full
of hot water, 5 to
6 ocz. 2.5% sodium
hyrochlorite add-
ed, heated with
steam and revolved
10-15 minutes,
Ka 11/28/30 1/3-1/2 180 None I ibs., 10-15 Yone
b 11/28/30 1/3-1/2 180 Hone 4 1ps, 10-15 Hone
L 3/2/31 1/3-1/2 180 None Hone 15-20 Rinsed every 2
weeks with 50
gallons of water
contzining 1 cuart
of 2.5% godium
hypochlorite.
L 4/13/31  1/3-1/2 180 None None 15-20 Hone
i 3/2/31 1/3-1/2 160-170 Hone None 15 ¥one
2 1bs. twice 2 1vs, ¥alel -
4 3/2/31 1/3 "hot! a month ¥one 15-20 HgBPou nixture

added "to hot rinss
avout twice a
week.
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Table 2 (continued)

Period
Creamery Fullness Temp, of of Additional
and Date of of water Exposure. Vashing
Churn®* Exam, Churn °F, Washing Powder Lime  Yinutes. Procedure
0 3/2/31 1/3 180 None 2 lbs, 10-15 None
every 2
necks :
Pz 3/23/31 1/4 185-190 2 1lbe. once a 2 1bs. 15 ¥one '
’ week once a
weak
Pb 3/23/31 Had not been used for about a year. |
Q 3/23/31 1/3-1/2 190-200 YNone 2 1vs. 10-15 Fat rinsed out
occaslional- with 25-%0 gals.
1y watgr at about
130¥F. Re-
volved 5-10 min,
R 3/23/31 1/3-1/2 190-200 Hone 3 1bs. 5 Fat first
rinsed out by
filling 1/3 full
water at about
120°F,, adding
the lime =2nd
revolving 5 nin.
8 3/23/31 1/%-1/2 190-200 2 lbe. once or
twice a week Hone 5 None
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Table 2 (continued)

Period
Creamery Fullness Temp. of of Additional
and Date of of water Bxposure. ¥Washing
Churn* Exsm. Churn ¥, Yashine Powder Lime Minutes, Procedure
T 3/23/31 1/3-1/2 190-200 None 1 1b. once
5 weex 7~10 Xone
g 5/14/31 1/3%-1/2 150 None None 15-20 None
5/18/31 1/3-1/2 1£0-170 2 1bs. Hone 5-10  %henever the
butter stuck the
churn was treat-
ed with 1 1b., of
lye in 20 e2ls.
water, Fevolved
10 minutes,
W 5/18/31 1/3 1380 2 1bs. occagionally Two lbs. of liwm
20-320 added to hot
rinse when butter
stucik,
Xa 5/18/31 1/3 120 None Hone 5-10  None
Xb 5/18/31 1/3% 130 None Hone 5-10  None

* The capital letters designates ths creameries zand the small letters desigonate the churns
in creameries with more than one churn.




-
e -

Table 3

History snd condition of each churn

P8-20.00. .45 00 89 op

History of Churn

- me. . 9®. a0 0@

&0 . 00-00.00 #4r 0o oo

-89.00.00 S0 .00

: : ‘How long
Creamery :Capacity: : taince
and Date of iin 1lbs. :¥rs, in: ' swashed. :Apparent Sani-
Churn® Exam. tbutter :8ervice: Condition Days ttarv Condition

Aa 11/7/3%0 600 5 Fair. Rollers and shelves 1 Satisfactay.
cracked. ¥ood smooth; Some dry curd
slightly greasy. in crevices.

Aa h/13/31 600 5 Same as above 2 Same as above

Ab h/13/31 1200 2 Good. Wood fairly smooth; 2 Satisfactory.
sliqhtly rough on ends,

B 11/7/30 900 10 Fair. Shelves and rollers Just Rather unsatis-
loose, Vood fairly smooth washed factory. Moist
but slipghtly greasy. vutrid curd

lodged in corners
and crevices.

B L/13/31 900 10 Same as above 2 Unsatisfactory
but somewhat
better than pre-~
viously. Curd in
crevices,

C 11/7/30 800 5 Fair. Wood fairly smooth 1 Fairly satis-

but staves splintered in
places. Wood cuite greasy
in spots.

factory. Curd and
salt brine oozing
from bracks between
staves.




Table 3 (continued)

History of Churn

“e sm 89 9

.
.
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.
-
-
0
3
(3
»
.
-
.
3

: : : :Eow long
Creamery! 1Capacity: : icince
and ! Date of :in 1lbs. :¥¥s. in! iwached. :Aipparent Sani-
Churn® ! Exam. ‘butter :Service: Condltion tDovs tary Conditicon

o /13731 800 5 Same =28 above, but not 2 Same as above
quite so greasy. Surfaces
cozted with salt,

D 11/7/390 900 6 Good. ‘“ood smooth but 1 Quite satis-
somewhat greasy. factory. Dry

curd in crevices.

D 4/13/31 900 6 Good. Wood smooth but 1 Same as above
somewhat greasy.

o 4/13/31 1200 1 Excellent. Wood free 2 Satisfactory.
fron grease.,

F 11/2%/30 1900 3 Good, Wood fairly smooth 2 Fairly =atic-
and only sligntly greasy. factory. A

little curd in
corners and
crevices.

G 11/28/%20 700 15 Poor. Badly worn. Rollers 3 Very unsatis-
and shelves loose. ¥%ood factory. Hoist
smooth but rather greasv, curd in crevices

and corners.

81light odor.
somewhat moist.

Chum
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Table 3 {continued)

9 ov or we 00 40 o0

History of Churn

e 85 04 ap

o8 2¢

e .00 . a»

‘How long

.80 25 20.00.960

Creamery :Capacity: ‘since
and Date of :{in lbg. :¥rs, in: :washed. ‘Apparent Sani-
Churn* Exam, :butter :Service:! Condition s Days ttarv Condition

H 11/28/30 1000 12 Poor. Rollers and shelves 3 Rather unsatis-
loose and c¢racked. Y¥ood - factory. lMoist
somewhat rough and rather curd in corners
gTeasy., and erevices,

I 11/28/30 1000 3 Good. Yood smooth, free 1 Satisfaetory.
from excess grease,

J 11/28/30 1000 8 Good. Wood smooth and 1 Very satis-

: free from greasge. factozrv.,

Xa 11/28/30 900 12 Good. YTood smooth and Satisfactory.

almost free from grease. 1 Air in plant very
moist. Condensed
water in churn,

Kb 11/28/320 900 18 Zood. ¥ood smooth and 1 Satisfactory.
almost free from grease.

L 3/2/31 1200 - 3 Fair. Roller cracked and 2 Rather unsatis-
splintered, but rest of factory. Grease
wood fairly smooth. Rather ani curd in
oreasy. crevices,
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Table 3 {(continued)

9 80 ¢ 8¢ a8 o® e

History of Churn

e o .00

¢ 09 8p o0

e so

‘How long

Creamery tCapacity: tsince
and Date of :in lbs. :Yrs. in: swashed. :Avparent Sani-
Churn* Exam, :butter :Service: Condition :Days :tary Condition

L %/13/31 1200 3 Fair. W%Wood fairly smooth, 2 Unsatisfactory.

but surfaces rather greasy. Count probably
high, 8light
odor.,

151 3/2/31 1000 1 Very good., Yood smooth 2 Very unsatis-
but slightly greasy. factory. Churn

damp, doors
closed. Slizht
ogdor. Probavly
very heavily in-
fected.

R 3/2/31 705 ik Poor. Beasdly worn., Rollers Just Unsatisfactory.
and shelves loose. lood washed) Curd in
nitted and rather grezasy. eravices. Zhurn

gstill damp when
examined,

o 3/2/31 900 5 Good. ¥ood emooth and sl- 2 Satigfactory.
mogst free from grease.

Pa 3/2%/31 1000 3 Pair. WYood somewhat rouszh 2 Unsatisfactory,

and rather greasy in spots.

Churn rather
moist., Slicht
odozr,
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Table 3 {continued)

: : History of Chdrn : :
: : : : tHow long:
Creamery: tCapacity: : !8ince :
and : Date of :in 1lhs. :¥rs. in: iwashed. !Apparent Sani-
Churn® : Xxam., :butter :Service: Condition :Days. ttary Condition
b 3/23/31 1000 8 Had not been used for a
. vear, Thoroughly dried T
ocut. ¥ood badly cracked.
Q 3/23/31 1000 Z Good. ¥Yood very smocth 2 Satisfactory.
and onlv slizhtly greasy,
R 3/23/31 1000 L Good, Wood slightly Just  Very satiefaciory.
pitted but free from greage, washed.
8 3/23/31 1000 6 Good. ¥ood slightly roush 1 Satisfactory.
bet fairlv free from greage.
T 2/23/31 700 9 Fairly good. ¥ocd smooth 1 asatisfactory.
but somewhat gressy. Slicht odor,
U 5/18/31 1200 3 Good. W%ood fairly smooth 2 Unsatisfactory.
~ but rather greasy. 3Butter Slight ondor,
often sticks.
v 5/13/31 200 5 Poor. Rollers cracked, shelves Satisfactoary.

loose., ¥ood somewhat rcugh 2
angé slichtly gcreagv,




: : History of Churn : :
: : : :How long:
Creamery: :Capacity : isince :
and ¢ Date of :in 1bs. s, : :washed, iApparent Sani-
Chuzn®  ZExam, tbutter vice: Condition :Days ttary Condition
kil 5/18/31 900 1 Yery good., ¥ood smooth Just Very satis-
and free from grease, wached factory. Ho
___g&rease or curd.
Xa 5/13/31 800 8 Pair. Wood tairly smooth 2 Fairly satis-
but elightly zreasy, factorv,
Xb 5/18/31 800 8 Very poor, Rollers and 2 Fzirly sotis-

staves cracked, shelves
lcose, large openings

around bolt heads in shelves.
Tood rather rough and piited.

Slichtly greasy.

facto}y.

* The capital letters designate the creamesries arnd the swmall letters designate tle
than one churn,

chusns in cresmeries =ith more
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of the newer ones were in poor condition, The wood in the old-
er churns was commonly rougher and mores pitted than that in the
newer one2, In general, the churns which were washed without
washing powder or lime showed wmore gresae on the surface of the
wood than those which were subject to recular treatments with
these compounds. A notable exception is the churn in creamery
B which was washed without these materials and which showed no
aocumulation of pgrease on the wood, This churn, however, had
been in use for only six months. There was no apparent corre-
lation between the use of lime or washing powder and the smooth-
nass of the wood,

GQuite a number of the churns exsmined were aprarently in
a fairly satisfactory sanitary condition but very few were
classed ag very satisfactory =2nd many were classed as unsatis-
factory. In the older churns especially, curd wae lodpged in
the corners and crevices but whers the churn had been ouite
carefully treated this curd was dry a3nd odorless while in churns
which had apparently been handled carelessly the curd wss gener-
ally moist and putrid, Several churns were rather molst inslde
and in these a slicht odor indicative of bacterisl developuent
was ¢enerally noted.,

3. Discuseion
The results indicate that there was a wide wvariation in the

apar disc counte on churns in commercial use and that
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comvaratively few of the churns examined were in a satisfactory
sanitary condition., The organisms from churns with low counts
generally included few tynes, chiefly members of the gesnus
Bacillus, while the organisms from the churns with hish counts
generally included many tyves, lareely coccl and other non-
spore forming organisms. Sowe yeast and mold counts wers made;
these were always lower than the bacterial counte but were
usually rouchly proportional to them.

The washing procedures used differed widely and few of
thewm could be considered as adeouate for properly cleaning a
shurn. Many of the churns were washed without washins powder
or lime and in these there was commonly 2 film of prease on
the interior surfaces. Accumulations of curd in the corners
and crevices were common in many churns; in carefully treated
churns this curd w¥as usually hard and dry 2nd of no sanitary
gignificance while in carelessly treated churns it was freouent-
ly moist and putrid.

There was apparsntly z closer correlation between the
counts on the churns and the renerasl sanitary conditions of the
plants than there was between the counts on the churns and any
of the other factors, such as capacities, years in service and

general conditions of the churns,
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B., Ifficienclies of varlous methods of oleanine churns

The data obtained in the exeminztion of churns in Iowa
creameries pave little inform=ztion as to the efficiencies of the
various washing procedures used because there was no close corre-
lation between these procedures and the counts on the churns.
Probsbly the chief reason for this lack of correlation was that
the temperatvres and veriods of exvosure used were not based on
carsful determinations but were estlmated by the plant managers.
The efficiencies of various washing procedures were studied by
subjecting the churns in ths Iowa State Collere creamery to vari-
ous treatments,

| 1. ¥ormal procedure
The procedure regﬁlarly used in the Iowa Ftate College
creamery is desi¢nated the norma2l procedure and ig as follows:
1. The excess fat is rinsed out with a2 little warn water.
2. The churn is filled one-third to one-half full of water
(150 to 200 gallong) at 170° to 1809F., two pounds of
gods ash added and the churn revolved in high gear for
about 15 minutes and then drained.

3., The churn is filled sbout one-half full of water at 180°

-

to over 200°F, and revolved in high gear for 15 to 20
minutes, It is then drained thoroushly and turned so
that the door opening is about two-thirds of the way up;
this results in stronger convection ocurrents than if the

churn is turned so that the open door is at the extreme
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top.. After the cburn is thorourhly dry the door openine is
covered with a plece of deor screen on a Trame which fits into
the deor opening, In eome of the later trials a piece of mus-
lin wae used over the screen as an additicnal protection from
alr contamination., The chvrns were alwsye very hot after weshe
ing elth the normzl procedure and the stroung comvecticn current
set un alded in drylni the churns rapidly. Ouce a week‘two
pounds of lime are added to the last hot rinse. The churn is
rinsed befor= ench churning by filling cne-third to one.-half
full of tap water at about $0OF, and revolving in high mear for
about five minutes,

During the period from October 13, 1920 to April U, 1632
apar dise counts were rza from time to time on two churne washe
ed with the normal nmrocedure, Twvo churns, A and B, were used in
thie study. Churn A was a tvo roller type of 600 pounds cavac-
ity. It had been in service for five years and was in very good
mechanical condition., The surface of the wood on the interior
was 8ligzhtly slivered in places but it was free from curd and
grease. Churn B was a sinele roller tvve of 600 pounds capacity.
It had been in gervice for four years and wags in very good
mechanical condltion, The surface of the wood on the interior
of this churn wag slightly rougn but it was not slivered and
was free from grease and curd, Both of thess churns were always

1ﬁ an apparently satiefanctory sanitary condition.
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Table 4 gives 53 counts on churn A, The bacterial counts
ranzed from U4 to 88 per sc. cm., and averased 17.1. Using the
arbitrary rating established in the details of the agar disc
method, 2L counte wers very satisfactory, 26 were eatisfactory
and 3 weras rather unsatisfactory. The microflora cenerally in-
cluded very few types and these were chiefly wembers of the genus
Bacillus., The hirher counts menerally included wmore tyuves and

f requently some of the yellow coccus tyvpes. The veast counts

ranged from O to .25 per sa. cm. and averazed .04 and the mold
counts ranzed from 0 to 2,6 per so. om. and averased .28, The
counts recorded as zero are to be Interpreted as meaning that
no colonies developed on any of the whey agar diecs prepared
and not as meaning that there wers no yeasts or molds in the
churn, It 1s probable that the yeasts and molds were derived
from contamination from the air after washing since the yeast
and mold counts obtained after the churn had stood a day or two
were coumnonly higher than those taken soon after washing. This
contention is also borne out by the fact that the discs prevered
from the ends of the churm and the barrel, which are nct likely
to be conteminated from the 2ir, seldom showed any veasts or
molds while the ghelves, which are subject to air contamination,
nearly always showed yeasts or molds or both,

Ninety-two counts on churn B are reaordéd in table 5., The

bacterial counts ranped from .3 to 685 per sc. cm., and averaged
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Table U4

Agar disc counts on churn A after washing

with the normal procedure

Bacteria Yeasts dolds
Date of No, of per ver per
Trial Exam. discs So. cm. sa. cn, sc. cm, Remarks

1 1/5/31 2 431 0 0 Just washed
2 1/7/31 3 18 0 Ol Stood 1 day
3 1/8/31 2 16 0 0 Just washed
L 1/2/31 b 7.7 0 .05 Just washed
) 1/12/31 1 32 0 0 Just washed
6 1/13/31 3 20 0 .1l Just washed
7 1/15/31 3 28 .05 .03 Just washed
g 1/20/31 3 3.3 0 15 Just washed
9 1/22/31 3 1.2 0 .63 Just washed
10 1/2L/31 3 2.7 01 .20 Just washed
11 1/26/3%1 32 Y7 0 .06 Just washed
12 1/27/31 2 28 .02 .06 Just washed
13 1/23/31 3 18 0 .10 Just washed
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Table 4 (continued)

Bacteriza Yeasts Molds
Date of No, of per per per
Trial Exam, discs so. Ccm,. 80. cm. 8g. cm, Remarks
1y 1/29/31 3 19 .20 .05 Just washed
15 2/5/31 2 27 .22 .10 Just washed
16 2/9/31 1 29 .25 10 Stood 2 days
17 2/10/31 3 33 .10 .ol Just washed
18 2/11/31 2 33 0 .08 Just washed
19 2/14/31 s 2.3 .0% .08 Just washed
20 2/16/31 h g.b .10 9) Just washed®
21 2/18/31 3 41 0 0 Just washed
.22 2/26/31 b 1l Ol .07 Just washed
23 3/19/31 L 1.5 0 0 Just washed
2l 3/26/21 I 57 0 .05 Just washed
25 3/28/31 4 3L .02 .Olf Just washed
26 3/39/31 b 32 0 L1l Just washed
27 3/31/31 3 1¢ 0 .02 Just washed
28 h/2/31 4 12 .02 .08 Just washed
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Table 4 {continued)

Bacteria Yensts Holds
Date of No. of per per rer
Trial Nixam, discs sa, cm, sc. cm. SC. en. Remarks

29 hu/31 3 14 L0l .ol Just washed
20 L/6/31 Z 20 0 .10 Just washed
31 h/g9/31 4 27 0 0 Just wasied
22 4/10/31 L 1k 2Okt .07 Just washed
33 5/11/31 3 g .1 230 Just washed
3 6/3/31 3 20 .0l .56 Just washed
35 Q/24 /31 6 4.5 0 .73 Just washed
36 9/28/31 2 1.9 0 1.05 Just washed
37 9/29/31 5 1.1 .15 1.1 Just washed
38 10/1/31 5 1.h 0 1.60 Just washed
39 10/2/31 5 1.3 .15 1.03 Just washed
40 10/6/31 3 .8 0 .22 Juet washed
41 10/7/31 4 Sl 12 37 Just washed
42 12/9/31 3 2.8 Ol .23 Just washed
i3 10/12/31 i .9 0 .26 Just washed
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Table & (continued)

Bacteria Yensts ¥olds
’ Date of No. of per ver per
Trial Fxam, discs sg. cnm, sa._cm, sc._cm, Remarks

Ly 10/14/31 b LU 0 .36 Just washed
bg 11/2/31 3 11 0 .28 Just washed
46 | 11/3/31 b 55 0 .25 Just washed
47 11/4/31 4 9.8 0 .10 Just washed
hg 11/10/31 b 2.1 .10 .13 Just washed
b9 11/11/% y 1.7 0 2 Stood 1 day
50 11/17/31 3 1.0 L1l 2.6 Stood 1 day
51 11/18/31 4 3.8 .03 .04 Just washed
52 11/20/31 b 2,2 .20 L6 Stood 1 day
53 11/25/31 2 1.5 0 .03 Just washed

Average 17.1 .04 .28
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Table 5

Agar éisc counts on churn B zfter washing

with the normal procedure

Bacteria Yeasts tolds
Date of No. of per per rer
Trial Examnm, discs 8¢, cm. SC. Ci. sgc. cm. Remarks

1 __10/13/30 6 g 13 Just washed
2 10/16/30 i P .05 Just washed
3 10/18/30 7 18 Ol Just waghed
Yy 10/23/30C 3 43
5 11/12/30 3 23 0 Stood 1 day
6 11/13/30 3 20 .50 Just washed
7 11/20/30 6 llO .21 1.05 8tood 2 days
8 12/12/30 3. 9.7 .06 i Stood 1 day
9 1/5/31 i 14 0 0 Just washed
10 1/6/31 5 0 .06 Just washed
11 1/3/31 3 8 0 .03 Just washed
12 1/9/31 2 13 0 215 Stood 1 day
13 1/12/31 1 27 .13 1.2 Stood 3 days
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Table 5 (continued)

Bacteria Yeasts Holds
Date of No. of er ver per
Trial Exam. discs sc. Ccm. S0. Cm. Sg. Cm. Remarks
14 1/26/31 L 17 0 0 Just washed
15 _1/27/51 3 18 .13 .25 Stood 1 day
16 1/29/31 1 20 .15 8 Stood 3 days
17. 2/3/31 L 11 .06 .06 Just washed
18 2/9/31 5 27 408 «39 Stood 2 days
19 2/10/31 3 53 ) _ .08 Just washed
20 2/11/31 Yy 7.7 0 o Just washed
Just washed

21 -2/12/31 1 2,0 0 o1 very czrefnlly

' Just washed
22 2/14/31 5 13 .03 0 and limed
22 2/19/31 7 431 0 0 Just washed
2k 2/21/21 5 2.8 0 .15 Jugt washed
25 2/23/31 5 iy 0 0 Just washed
26 2/25/31 € 13 o1 33 Stood 1 day
27 2/28/31 6 3.7 0 .01 Just washed
28 3/3/31 6 27 .02 .07 Just washed
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Table 5 (continued)

Bacteria Yeasts Yolds
Date of No. of rer rer rer
Trial Txam, giscs 8o, cm, 80. Ch. §c. cm, Remarks
29 3/5/31 7 9.8 .06 .22 Just washed
30 3/7/31 6 13 .06 .30 Just washed
71 3/9/31 é 29 .12 .03 Just washed
32 3/12/31 6 28 .08 .14 Just washed
33 3/16/31 6 Iy 0 07 Just washed
74 3/24/31 6 9.4 0 .02 Just washed
35 2/28/%1 6 19 .03 .ol Jiust wachad
%6 3/31/31 5 12 .03 .06 Just washed
37 L/R/31 4 15 .01 LOL Just washed
28 L/20/3) 4 13 ) .02 Just washed
29 /21 /31 5 2.9 .02 .03 Just washed
40 Y/2u/31 5 5.8 0 17 Stood 1 day
41 4/28/31 b 13 0 .06 Stood 1 day
42 4/30/31 5 2.8 0 L6 Stood 1 day
43 5/4/31 5 12 .12 .0l Just washed
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Table 5 (continued)

Bacteria Yeaets ¥olds
‘ Dazte of No, of rer per per
Trial Exam, discs 20, _Cu,. 8o, Cm, sa. cm, Remarks

Ll 5/5/31 5 b.g 0 .07 Just washed
45 5/11/31 4 1.8 .05 .22 Just washed
L6 5/12/31 5 h.1 0 27 Just washed
47 5/14/21 5 6.3 0 .19 Just washed
bg 5/25/31 5 110 0 Lol Just washed
g 5/28/31 5 151 .03 .16 Just washed
50 5/22/31 5 86 ‘ 0 .37 Just waghed
51 6/1/31 5 18 .05 .71 Just washed
52 6/3/31 5 66 0 .02 Just washed
53 6/4/31 5 29 .05 1,04 Just washed
ks 6/5/31 o) 3.8 0 .13 Just washed
55 6/9/31 5 5.8 13 .6 Just washed
56 6/10/31 5 13 .03 <1k Just washed
57 6/11/31 5 7.6 9) .10 Just washed
58 6/12/31 5 2.1 04 .14 Just washed
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Tsble 5 (continued)

Bacteria Teaste ¥olds
Date of Ho. of rer ver ner
Trizl Exam, diecs 80, Cm. €0. Cn S0, Cn. Remarks

59 6/18/31 5 5.2 0 .1 Just washed
60 6/2b/31 5 6.0 0 .15 Stood 1 day
€1 6/25/31 5 23 0 .13 Stood 1 day
62 6/26/71 5 10 0 .1 Stnod 1 day
63 £/27/31 5 29 8) 1 Stood 1 d=y
64 6/17/31 5 16 0 .1 Stood 1 doy
65 0/23/31 6 ) 0 .86 Stood 1 _day
£6 9/25/31 5 1.4 07 ol Just washad
£7 10/5/%1 6 2.5 , ol 1.0 Juet washed
£8 10/6/71 5 1.1 .08 .28 Just washed
€9 16/7/31 5 1.0 .10 .32 Just wached
70 10/9/%1 5 5 . Ol .26 Just washed
71 10/12/% 6 3 0 .27 Just washed
72 10/20/31 4 1,0 .06 .28 Just wasked
13 16/21/31 5 -5 0 1.17 Stocd 1 day
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Table 5 {continued)

Bacteria Yeastis ¥olds
Date of No. of per per rer
Trial Exam, discs sc, cm, Sgc. _cm, o, cm. Remarks
74 10/27/31 6 21 .0l 1.0 Stood 1 day
5 11/2/31 6 685 0 R 8tood 2 days
76 11/4/31 6 10 .1 .16 Just washed
71 11/10/31 6 14 .03 .08 Just washed
78 11/11/21 6 1.3 0 +05 Just washed
79 11/12/31 6 2.3 .16 .18 Stood 1 day
g0 11/17/31 6 1.5 .03 .19 Just washed
g1 11/18/31 6 1. .03 .19 Stood 1 day
82 11/20/31 6 1.6 .05 LUk Stood 1 day
83 11/24/31 6 2.3 0 .01 Just washed
gl 11/26/31 6 1.0 .03 .12 Stood 1 day
85 12/7/31 6 6 0 .07 Just washed
86 12/9/31 6 1.1 0 .26 Stood 1 day
&7 12/11/31 6 1.7 0 .01 Stood 1 day
88 12/15/31 5 .6 .01 .38 Just _washed
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Table 5 (continued)

Bacteria Yeasts Holds
Date of ¥o, of per ver per
Trial Exam. discs S0, CH. Sg. cm. 8§Q. Ch, Remarks
&9 1/6/32 6 2.3 0 2% S8tood 1 day
90 1/21/32 6 1.0 0 L1l Stood 1 day
g1 /9/32 L 2.2 .OL .02 Stood 1 dav
92 h/h/z2 4 9,8 .07 .39 Just washed
Average 22 .03 27

ERgEeLv)
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22. Execludine one count (Nov, 2, 1931) which ig excessively
high for no avparent reason the rance was from .3 to 151 per seo.
cm., and the average 15.4, TForty-nine of the counts wers very
satisfaotory, 38 werc satiefactory, four were rather unsatie-
Factory and ones was very unsatisfactory. The microflors of this
churn was very much the same a3 that of churn A in that it in-
cluded very Few types, chlefly oryraniams belongzing to the menus
Bacillus., Also, the higher counts penerally included more
tynes than the lower counts. The yeast counts from churn B
ranged from 0 to .21 and averaged .03 and the wold counts
ranged from 0 to 1.2 and averaged .27. Here also, as with
churn A, there was evidencs that the yesgts and molds aprear-
ing on the amar discs were derived chiefly from the air and
not from the survival of resistant types. ITxcluding the one
hi<h value (churn B, Wov. 2, 1931) the average bacterisl count
on churns A'and B is 16.1 ver sa. cm. Seventy-three of the
counts wers very satisfactory, 6l wers satisfactory, and 7 were
rather ungatisfactory. Thesae counts sre much lover than most
of those obtained on churns in commercisl plonts even thouph
many of the washing procedurss ueed on these latter churns were
arparently as adecuate az the normal procedure used at the
Iowa State Collese creamery. Not only was the averare count
low but the counts were uniforwm and the microflora was much the

game in every case., Often the microflora from the disces looked
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almost like a nure culture of one of the Bacillus tympes.
2. Treatment of normally washed churns
The routine arar disc counts made on the churns in the lowa
State Collere oreamery after washine with the normal procedure
showed thet, even though the churns wers usvally in a3 satis-
factory sanitary condition, a number of organisms, particularly
spore forming bacteria, were still present. Txperiments were
conducted in which the normally washed ochurne were treated
with various compounds in an attempt to reducc the numbers of

or canisms vresent in these churns.

a. Uge of chlorine compounds on normally washed churnsg

Chlorine compounds have been used successfully in the
sterilization of various pieces of dairy eocuipment but they have
not been used extensively in churn trestment., The data obtaine
ed in the examination of churns in commercial plants involved
four counts on chlorine treated churns., Three of the chlorine
treated churns were clasaed as very satisfactory and the other
one was unsatisfactory. In order to throw more light on the
efficiency of chlorine compounde in churn treatwent experiments
were conducted with three chlorine compounds, namely, sodium
hyvochlorite, chlorinated lime and celoium hypochlorite, in order
to determine whether or nd these were capable of reducing the num-
bers of orraniems left in the churn after tre:tment with the

normal orocedure.
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A stock solution of sodium hypochlorite was prepared ac-
cording to the method outlined by Zoller (23), It contzined
about 3 per cent of available chlorine, The chlorinated line
was rurchased in sealed one pound cans; thz labele atated the
product containad over 30 per cent of available chlorine, A
calciuvm hypochlorite stock solution was prepared from a powder-
ed commercial product labeled as contalning 65 per cent of
avallable chlorine; the stéck solution contalned about 2.5 per
cent available chlorine,

The method used for thé chlorine treatments was ag follows:

The cusntity of chlorine compound calculated to zive the
desired concentration of available chlorine was thorourhly mixe-
ed with 10 gallons of tap water and heated to the deslred
temperature with steam, & zample was taken for the determina-
tion of the avellable chlorine and the golution then added to
the churm. The churn was revolved in higzh gear for the desired
time and 2 sample of the chlorins rinse taken for the determina-
tion of the available chlorine remalninz in the soclution after
exposure, The tcmreratures after exposure, in the trials in
which these were recorded, were zlso taken at this time,

Lrar disc counts were run on the churns before the chlorine
trestments and apain after they had been thorourhly drained and
dried followine tresatment. Sterile litmus milk was used to
molaten the surfacen examined in order to eliminate any residusl

chlorine (see methods).
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1. Sodium hypochlorite

The results of treating normally washed churne with sodium
hypochlorite golutions sre shown in table 6. Churne A and B
(see treatment with normal procedure) ware used. In 4 of the 11
trisls solutions containing from 56 to 60 pom. aveilable chlorine
and at temperatures raongine from 118° to 122°F, were exposed to
the churn for 15 winutes., The concentrations of available
chlorine after exposure in these four trizls ranged from 9 to 20
prm, In three other trisls the concentrations of available
chlorine ranged from 60 to 63 pom,, th: temperatures from 70° to
76°F. and the veriods of exposure were 15 minutes, After ax-‘
posure the available chlorine in two of these trialé was 12 and
15 pem.; in the other trial the sample taken for titration was
lost., In two trials solutions containing 102 aml 96 rym. avail-
able chlorine and at temperatures of 115° and IBOOF., respective~
ly, wsre exposed to churn B for 15 minutes; the concentrations
of available chlorine after exposure were 22 and 24 npm., rTes-
pectively. In one trial a solution containing 60 pom, available
chlorine at a temﬁerature of 120°F, was expored for 45 minutes,
The available chlorine after exposure in this trial was 5 ppm.
In the remaining trial s solution contaiuning 98 ppm. available
chlorine and at a temperature of 70CF, was exposed to the chumn
for 30 minutes. After exposure the avallable chlorine countent
was 30 opm,

The bacterial counts befere treatment with chlorine ranged
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Treatment of normally washed:.chn

Agar disc counts

Avall, Avall, : chlorine trcat
chlorine Perilod Tempe chlorine :Bacteria: Yeasts:
before of before after $ Dper : PoOw-3
Trial Date Churn exposure exXposure exposure exposure :18Q. CM, :8Q. Chled
Ppm. mine, Y, oM, 3
1 2/19/31 A 58 15 120 14 i 41 "0
2 2/e1/31 B 60 15 122 20 i 2.8 0
3 2/25/31 B 56 15 118 16 : 13 ol
4 2/26/51 A 63 15 76 : 14 004
5 2/28/31 B 63 15 70 12 : 37 0
6  3/3/31 B 60 15 120 o i 27 02
7 3/5/31 B 60 45 120 5 ; 9.8 .ée
8 3/1/31 B 60 15 70 15 ;13 .06
9 3/9/31 B 98 30 70 30 i 29 .12
10 3/12/31 B 102 15 115 22 i 28 » 08
11 3/16/31 B 96 15 120 24 44\ 0 .
| Average : 2055 T .04







i normally washed--churns with sodium hypochlorite

Agar disc counts before: Agar disc counts after

chlorine troatment

.
.

chlorine treatment

Rinse water exposed iBact
before chlorine treatment:per

ne :Bacteria: Yoastss nolds :Bacteria: veasta: MOLds : Perload : schlo
’ s per por-s . per : per : per : per of : Bacteria :solu
re :sq. Cm, :SQ. Chle $&Q, Cm.:sq. Crs 315Q. CH.3$8Qe cm.; exp;zgfe : per ml, :0XPO

S "0 o i . 6 0 0 ; 5 10,000

;2.8 o 15 1 .2 0 0 : 5 13,700

P 13 a5 .5 0 05 5 10,800

P14 04 .07 & 1.2 0 02 i 15 37,500 1

R o .ol ; .06 0 0 : 15 5,500

i W02 .07 1 LB 0 04 15 6,000

;0.8 ,56,~.;2 1.5 0 1 i 15 55,000

P Y: 06 .3 ; 2.4 0L .05 i 15 41,000

P 29 2 .05 1 .4 o a2+ 15 52,000

P 28 08 .14 ; 1.7 02 L0z 15 200,000

P4 0. L07: .3 0 0 : 15 16,600

P ools 08T 2+ .8l .005 .05 38,900
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ed--chi'rns with sodlum hypochlorite

counts Lefore: Agar disc counts arter

Rinse water exposed

:Bacteria

troatment : chlorine treatment :before chlorine treatment:per ml. of
‘eagats: Nolds :Bacterlas Yeasts: Molds : Terlod : tchlorine
peyr-3 per : per H per : 7per of : Bacteria 3solution after
e Oty 88, Ciy $8Qs CNle 1SQ. CM.:8CQe CN.: 8XposSure : per ml, sexposure
- : g mine
"0 0 : 6 o -0 : 5 10,000 72
o 6+ .2 0 0 : 5 13,700 10
o1 5] § N 0 203 i 5 10,800 22
04 07 ; 1.2 0 .02 : 15 37,500 101
0 .01 ; «06 0 o : 15 5,500 25
202 .07 N 0 04 i 15 6,000 50
W06, .2 : 1.3 0 el ; 15 35,000 49
06 .3 ; 2.4 0L .08 15 41,000 20
2. .05 1 .4 0 .2 ; 15 52,000 10
08 .14 , 1.7 02 .02 5 15 200, 000 7
0 . .07 2 o3 0 0 2 15 16,600 20
04 7,12 : .81 .005 ,03 : 38,909 3343
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from 2.8 to W rer sa. om. and averaged 20.5 while those obtain-
ed after the chlorine treatment ranged from .06 to 2.4 and aver-
aged .81, The vesst counts before treatment ranged from 0O to
.12 ver sa. em, and averaped ,0W while after treatment no veast
colonies were detected on the acar disce in nins of the trisls
snd in the other two trisls the counts wer:> only .01 and .02,
The mold counts before trestwent ranced from O to .3 per so. cn.
and averaged .12, and after treatment from O to ,12 2nd averssed
.03, The lowest bacterial count followins the use of chlorine
was obtained when the churn had been treated for 1% minrutes with
a anlution centaining 63 ppm, avallable shlorine and at 2 temper-
ature of ?DOF. and the hirbeat count following the use of chlorine
was obtalned when the churn had been treatad in very nesrly the
game manner, The hscterial countsn obtained by the rinse method
before the chlorinas treatments ranged from £,500 to 200,000 per
ml, and averacaed 3%%,909 (using 10 callons of water ver churn)
while the bacterial counts on the chlorine solution after ax-
posure to the churn ranz=3d from 7 to 101 per ml., 2nrd averared
33.3.

2. Chlorinated lime

Table 7 gives the results of the trestment of a2 normally
washed churn (churn B, $ee treatment with normal procedure)
with chlorinsted lime. The concentrations of aveilable chlorine
ugsed were very much the same in all of the 11 trials, ranging

from 83 to 105 ppm, In nine of the trials the temperatures of



Treatment of a

"o le

normally washed

¢ Agar disc coun
H chlorine tre

Avall. Avail,
chlorine Perlod Temp. chlorine :Bacterin: Yeast
‘ before of before after : per 2 ey
Trial Date exposure exposure exposure exposure 18¢e CMe $3{}o CK
PPhiie Mmin, . . PpPme. '
1 4/20/31 102 15 108 23 13 o
2 4/21/31 105 5 115 30 2.9 .02
5 4/24/31 104 15 115 12 6.8 0
4 4/28/51 88 20 110 8 135 0
5 4/30/31 Q7 10 108 28 2,8 0
6 5/4/31 o7 15 110 10 12 .03
7 5/5/31 100 5 80 42 2,9 0
8 5/11/31 98 15 110 15 1.8 0L
9  5/12/31 104 10 112 27 5.1 o
10 5/14/31 104 23 114 11 645 4]
11 5/25/51 98 20 139 6 110 o__
Average 16,2 200







Tathle 7

Treatment of a normally washed churn with chlorinated lime

Agar disc c-unts before: Agar dlsc counts arlter
Avail, chlorine treatment : chlorine treatment

Temp. chlorine Baclorint Yeasts: )Nolds :Bacteria: Yeasts: lolds
before after :  per 2 per i per : per : per : per

*® 8Q o6

exposure  exposure 9G. CMe $3Qe CIie:5Q. CNMe:SQe CMe 1SQe. CM.:1SQ. Cll.

i O PP
108 23 3 . o .02 .06 0 .01
115 30 2.9 .oé .03 .02 0 .03
115 12 6.8 0 17 «36 0 .03
110 8 T 13 0 .06 .22 0 »09
108 28 2.8 0 26 .12 0 ol
110 10 12 .03 W14 .26 0 .04
80 42 T 4,9 0 .07 .19 0 .07
110 15 1.8 .01 22 .08 0 .03
112 27 5.1 0 27 W13 0 .09
114 11 6ed o .19 o14 0 .12
139 6 110 0. .04 .76 0 .02
Average 16.2 2006 = L15 «22 0 .06
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the solution ranwved from 102° to 115°F. snd in the other two
trialzs the temneratures were £0° and 135°F, The reriods of ex-
posure varied from § to 23 minutes, After exposure the available
chlorine concentrations in the solutions ranged from 6 to Y42 pom.
The bacterial counts before treatment with chiorinated lime
ranged from 1.8 to 110 rer sa. om. and averaped 1€.2 while the
counta after the chlorine trestment rangsed from ,02 to .76
per sa., cm, and averaged 22, OSnly three trlals showed =ny
yeasts before the chlorine treatment and in these the counts
were D2, .03 and .0l par sc¢. cm, while after treniment there
were no y=22s8ts on any of the disce. The mold counts before
treatment ranged from .02 to U6 per sao..com, and averaced .15
and after treatment they ranged from .01 to .12 per so. om. and
averazad .08,

3. Calcium hypochlorite

The resulte of 11 trials in which calciwns hypochlorite
gsolutions were used to treat a normally washed churn (churn B, v
Ses Treatments with normal procedure) are shown in table 8., The
concentrations of available chlorine in the solutions hefore ex-
posure to the churn ranged from 95 to 122 ppm., the temperaturs
ranced from 30° to 135°F. and the wperiods of exposure ranged
from 13 to 18 minutes, In nine of these itrials the temperatures
before exposurs were very much the same, ranving from 118° to

125°F, After exposure the concentrations of available chlorine
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Table

Treatment of o normally washed chi

: Apal

Avail. Avail. i ¢l

chlorine Perilod Temp. chlorine Temp. sTacTte

: before of hefore after after t pex
Trial Date exposure exXposure exposure exposure oxXposure $0ge (¢

PPN min. Y, POM,. Vi,

1 5/28/81 104 18 122 7 92 151

2  s/ze/31 99 18 124 9 95 86

3 6/1/31 110 15 120 9 93 18

4 6/3/31 100 15 80 10 66
5 e/4/31 105 15 122 14 95 29
6 6/5/31 95 16 121 12 90 3.
7 6/9/31 105 18 122 8 104 5.

8  ¢/10/31 113 13 135 11 106 13
9 6/11/31 100 18 121 6 104 7.
10 6/1z/31 1e2g 17 125 13 96 2
11 e/18/31 115 18 118 9 96 B
Average 1.35.







Table 8

tment of a normally washed churn with calcium hypochlorite

¢ Apgar dlsc counts before: Agar disc counts arter
Avalle. § ¢hlorine treatment H chlorine treatment
chlorine Temp. " sidacteria? Yeasts: Molds:Bacterla: Yecasts: Molds
after afte ¢ per 1 per ¢ per 3 per :t per : per

@XPOoSUre  ©XPosure $8(o CMs $8Qe. Clle 8. CM,:8Q., CM. 2SQ. Chie$BJ. Clile

PPM. g o
7 92 g1 .03 .16 .10 0 .12
9 95 86 0 .57 o153 0 .12
9 95 . 18 .05 .71 .35 0 .2
10 66 0 .02 .05 0 .07
14 95 29 05 1.2 .08 0 .13
12 90 - 3.8 0 a5 0 0 .05
6 104 5.8 .05 .60 .24 .01 54
11 106 13 .03 14 .17 0 .09
6 104 7.6 0 .10 .25 .03 .35
15 98 8.1 .04 .14 .02 0 .07
9 96 B2 0 .1 83 0 .05

~Average C 3542 02 L) o2 »004 014
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ranwed from 6 to 14 ppr., and the tewmperatures ranged from 90°
to 106°F, in 10 of the trials and in the other trial it was not
taken., The bacterial counts before trsatment ranrmed from 2.1
to 151 per so. cm, and averaged 35,2 while after trestment they
ranred from O to .83 per sa. cm. and averased .2. The yeast
counts before treatment ranred from O to .05 per so. cm, and
averaced ,02 while after trenatment the count was 0 in 9 trials
and in the other two they were .0l and .03 per sa. om, The
mold counts before treatment rangced from .02 to 1.2 per so. cwm,
and averared .33 while after trestment they ranred from .05 to
.35 per sa. om, and everared .1U,

I, Discussion

The results indicate that treatments with solutions of
sodium hypochlorite, ohlorinated lime and calclium hyrpochlorite
resulted in sipnificant reductions in the orranisms in normally
mashed churnsg, The counts after treatment were all so low and
the variations so small thiat no definite conclusions could be
drawn as to the effects on the final counts of variations in
concentration of aveilable chlorine and temperature and periods
of exvosure; there was apparently less correlation between
these factors and the count followine treatment than between the
counts before and after tretiment, There was evidently no differ-
ence in the efficiencies of the threz chlorine comﬁounds used.
In general, the decreases in avallable chlorine during the ex-

posures to the churns were greater when the temperatures were
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comparatively high and the perlods of exposure comparatively lons.
In the trzetments with sodium hypochlorite, where the counts by
the rinse method were also run, the counts on the chlorine rinse
after exposure to ‘the churn were all very low as compared fto the
counts on the water used to rinse the churn befors treaiment.
Since nothin~ was used to counteract the chlorine carried over in
platinz, the residuzl chlorine msy have had an inhibitory effect
on the orzanisme in the plates.

b. Use of sodium chloride on normally washed churns

The restraining effect of sodium chloride on the organisms
containad in butter suoregted thet this substance mizht be used
in controlline the microflora of churns. Inasmuch as the usual
concentration of sodium chloride in the serum of butter is from
15 to 18 ver cent whiles a saturated aocueous solution contains
from 35.7 to 39.8 ver cent, it was thousht that the use of a
saturated soueous solution might be effective in reduecing the
numbers of oroanisms in 2 churn,

In the investieations on the extent of contamination of
churns in commercial use a count was obtained on one churn
(cresmery ) after it had been treated with the usual procedure
and then another count a few months later =zafter it had been
trested with salt solution. The procedure for this salt treat-
ment involved rinsiny out the fat, adding 80 gallons of water

and 40 pounds of butter salt to the churn, heating the solution
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to nearly boilin~ with steawm and revolving the churn for five
minutes in hish gear. After the churn had been drained and
dried the entire inner surface was found to be covered with a
layer of salt crystsls., Agzar disc counts taken before this
treatment was used showed an averave of 228 bacteria, and 4.9
moldas per sa., cm., while the counts taken later when the salt
treztment had been used showed only 36 bacteria and .7 molds
per so. cm. These results suspest that the salt trestment was
effective.

Several trials were run to determins the effect of satu-
rated salt solutions on the orzanisms in a normally washed
churn {churn A. %ee normal procedure). The saturated solution
was prepared by placinz about four gallons of water in a five
gallon stone jar and addine an excess of butter salt. The mix-
ture was stirred thoroughly end allowed to stand over night be-
fore being used in order to insure saturation, Apar disscs were
prepared from the normally washed churn and it was then treated
by addine three gallons of saturated salt solution and revolving
in high gear for five minutes with the rollers workines, The
churn was then drained and dried and allowed to stand from 6
to 48 hours before agar discs were acain prepared from it. An
experiment was conducted to determine whether or not the salt
ploked up hy the discs from the surface of the churn had any
inhibitory effect on the development of the organisms on the

disc. The following procedure was used: The churn, after



~71-
treatment with the normsl oprocedure, was rinsed for 10 minutes
with 10 pallons of tap water 2nd a sample of the rinse water
plated on beef infusion acar, Two sets of plates were poured;
to each plate in one set 1 ml, of sterile saturated sodium
chloride solution was added. After incubation for four daye at
room temperature, no apparent difference between th: counts on
the two sets of plates could be detected, The results secured
in seven trials in which 2 normally washed churn (churn A, See
normal procedure) was treated with saturated sodium chloride
solutions are shovm in table 2, The bacterial counts before
treatment ran-ed from 14 to 57 per so. em. and averaged 28,1
while after treatment they reanced from 11 to U1 per sg. cm. and
averarzed 27.1. The yeast counts before trestment ranged from O
to .05 per sa. om, and averared ,02 while the counts after treat-
ment ranged from O to .08 per sao. om, and averazed .03%. The mold
counts before treatment ransed from O to 14 per sq. cm, and
averared .06 while after treatment they ranced from .03 to .28
per so. om, and averared .16,

The results indicate that saturated saslt solutions did not
significantly reduce the numbers of bacteria in a normally wash-
ed churn, The organisms left after the hot water treatment were
apparently predominantly of the resistant types; the salt solu~
tion could not be expected to be as effective against thege as
1t would apainsgt the non-resisgtant tyyres commonly found in highly

contaminated churns, The microflora of the apar discs showed
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Table 9

Treatment of a normally washed churn with saturated sodium chloride solutions

Hours after

: Counts after treatment
: with normal procedure

: Hours after

Counts after treatment
with salt solution

treatment tBacteria: Yeasts: Kolds ! treatment Bacteria: Yeasts: Molds

with normsl per ¢ per : per : with salt ver per @ per

Date procedure isg. cm, isg. cm.iso. cm.,: solution 8g,_Cm. :SG. Cm.:s0. Cil,
3/26/31 6 57 0 .08 6 41 .ob .03
3/28/31 L 3L .05 elid hg 30 .08 .22
3/30/31 4 32 0 .1k 16 37 0 .08
3/31/31 b 19 0 .02 16 33 0 .19
Y/u/31 6 14 .0l .ol ug 11 .03 .22
4/9/31 b 27 0 0 16 20 .03 .28
4/10/31 L _ 1k 05 .07 16 18 .05 .11
Average 28.14 02 .06 27 .14 .03 16
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that the discs prepared after treatment included more types than
the discs pnrepared bafore treatment. This suegests that the
salt solution, which was Ly no means sterlle, probably carried
into the churn 2 number of salt tolersunt types, The anparent
increase in yeast and mold counts after treatment waz probabdly
due to =zir contamination since there was ample opportunity for
such contemination while the churn was sllowed to stand after
treatmant, It is of inter=st tc note that in the two trials

in which the counts were taken U8 hours after the churn had
been treated with salt solution there was an apparent decrsase
in the bacterial counts,

i 3. Treatment of highly ocontaminated churns

; The results of the asar disc counts on normally washed
churns indicated thet treatment with hot water was effective in
maintaining a churn in a satisfactory senitary condition and the
results of the experiments with chlorine solutlons showed that
when the initial count was low the count after treantment was
comnonly low while when the initial count was high the count
after trestment was usually hish, Since the churns ussd in these
previous experiments were never highly contaminated investiga-
tions werc made on the treatment of highly contaminated churns
with chlorine compouhds snd hot water.

a. Use of chlorine compounds on highly contamineted churns

Two chlorine compounds, sodium hypochlorite and a commercial
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chloramine preparation, were employed in the studies on the use
5f chlorine compounds in the treatment of highly contaminated
churns. 4 stock solution of sodium hypochlorite was prepar=d as
follows?! One hundred grans of powdered calcium hypochlorite
labeled as contreining over 65 per cent avallzble chlorine were
diggolved iv tvo liters of water and 70 grams of sodium carbon-
ate added and thorousrhly mixed with the solution, The precipi-
tate which formed wee filtered off and the resultant solution
of sodium hypochlorite contained over 2.5 per cent available
chlorine, The chloramine compound used was a washing and
sterilizing powder lzbzled =8 contalninpg over four per cent
available chlorine,

The efficiency of the chlorine solutlons wae determined by
making counts on the churns by both the apar disc and the rinse
methods before and after treatment, SBoth methods were uced be-
csuse with the agar diec method on highly contaminated churns
the colonies are freocuently ton numercus to e counted, In the
rinse method 10 gallons of water were ussd to rinse the churn,
Yhen temperatures higher than that of tap water were to be used
the water was warmed with stean so thut after z«posure it would
have the approximate temrerature desired for the chlorine treat-
met but in no case was the temperature before exposure more than
125°F, After revolving for 10 minutes a saﬁple of the ringe weter
for plating was taken with a eterile 5 ml, pipette. The water

wvag left in the churn and, if necessary, more water was added
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o zive the desilred fullness) the rinse water waa left in the
churn in oxder to ellminste ths wmachanlcsl rermoval of mliaro-
orzanisms by 14, The calculated smount of chlorine solution
or compound wae Hhen added and, if necessary, the solution was
heated with sbeam to the desirsed temperature. The churn was
revolved for the ds9ived yperiod, and then the temversiure and
a sampie of the chlorine rinee Tor the determination ofhtha
available chlorine after tr2atment were taken, Algo, a one
nl, saaple for vlating was taken with a sterile pivette and
mixed with 9 nl, of sterile litwus wiik, The churn wes +then
drained and yinsed with 10 rellone of tap water for the deter~
mination of the count by the rinse method, It was then drain-
8d and dried and an agar disc count =made on it. The available
chlorine of the solution in the churn before ezposure was 4pe
proxiwvated by adding to 10 galliong of water an amcunt of sodiunm
hypoohlorlite or chloramine compound calculatsd to wive 2 dilu~
tion equel to thet in the c¢hurn and determining ﬁhe available
chlorine content., Sierilie liimue milk was used in making {ne
dillutione in plating the sawplesg of waters used to rinee the
churn vefore and sfter treatment in order te elliwminate any
reeldunl chlorine in the weter exposed to the churn after treat-
ment,

Tgo highly contamiunated churne were used In these experi-
men te, Churn O was 2 small experimental churn of 70 pounds

capaclty, which had been in use sbout two years, It was in very
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good mechsnlcal condition and the wond was also in good condi-
tion but was glizhtly roush in nlaces. Since thig churn wes
not in regular use durine the course of the experisente it was
allowed to become excessively oontaminated between the chlorine
treastments by waching carelessly after agitalting about a wallon
of buttermilk in it for several minutes. This process was re-
peated two or three times between triale so that the churn was
very hishly contaminated when it was treated with chlorine,.
Churn ¥ wae a 300 pound dual tyre which had been in service for
about 12 years. The wood was in rather poor condition in that
it waa gowmewhat spongy and slishtly rourh, It had not heen
uged for a year or two but had been washed with the normal vpro-
cedure about a month previous to its use in these studies, In-
complete drainace had resulted in enough moisture being left
in the churn to promote mold growih to the extent that areas of
profuse growth were viaible on {the interior surface,

1. Sodium hvpochlorite

The results obtained by treating hicrhly contaminated churns
with sodium hypochlorite solutions are shown in table 10, The

results of two trials with a normelly washed churn (churn B.

Ye¢e normal procedurs) are also recorded in this table for

comparison with the.rssults obtained on highly contaminated
churns. (Churns C and ¥, Just described). In the first trial
with a normally washed churn a solution containinpg 96 ppn,

avallable chlorine at a temperature of 102°F, was exvosed to
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Chlorine Solution

:Refore BLxposure::After Ixposure:Ract

: : : T : sper
Pallness:: Period: H . st 4 safte
. of i of : Avall, : t Avail, :posu
Trial Date Churn churn ::exposure:Temp.: chlorine::Temp.:ichlorine:chur
+: min, Ve Ppni.e 33 OF, PPile
1 12/9/32 B 1/20 i: 10 102 96 11 76 10
2 12/11/32 B 1/20 :: 15 100 125 :: 78 5
5 1/8/s2  © /3 :: 10 70 95 1: 72 45 55
4 1/14/32 © /3 i 10 110 104 ::106 50 26
5 1/22/32 ¢ /5 it 10 113 112 ::109 50 2
6 1/28/32 C /5 :: 30 122 141 ::112 19 6
v 2/5/32 C 1/5 i1 30 125 133 ::115 26 4
8 2/11/32 ¢ 1/3  :: 30 117 105 :: 98 16 12
o 2/18/32 ¢ 1/3 iz 30 121, 130 ::110 39 6
10 3/18/32 ¢ 3/4 i: 60 142 75 11133 18 B
11 3/14/32 F  1/3 i 30 128 126  ::113 22

Average of 8 trials with churn C 14







Table 10
Treatment of highly contaminated chirns with sodium hy

[
.

ylution t:  Rinse water before chlorine treatment ;; Rinse water aft
) g Exposure;Bacteria ;: ; Plate Counts L : L
B tper ml, =2 twater :  wWater arter exposure i :Water s
: - :after ex-:: Perilod :from tap: to churn - :¢ Period :from tap:
¢ Avail. :posvre to:: of tBacteria:Bacteria:veasts : Molds :: of  :Bacteriat
Yo schlorineschurn t:exposureiper ml. :per ml, :per ml.:per ml,::exposure:per ml.
Phme s min. $: min,
10 i+ 5 40 4,700 2 51 5 240
5 T 8 2,700 0 0:: 5
45 . 850 iz 10 11 6,200,000 94 10 :: 10 18
50 260  :: 10 30 1,030,000 77 30 :: 10 10
50 20 :: 10 0 14,600,000 180 10 :: 10 3
19 60  :: 10 2 5,700,000 550 70 i1 10 24
26 40 it 10 10 2,540,000 430 160 :: 10 10
16 120  :: 10 3 8,500,000 470 1,020 :: 10 22
30 60 it 10 1 1,360,000 255 125 :: 10 16
18 80 :: 10 2 3,300,000 570 55 it 10 10
52 2 i1 10 14 3,700,000 20;000 13,000 :: 10 17

oo so]we

149 7e4 5,404,000 .. 328 185 14.1







B 1
»

0 _
rns wlth sodium hypochlbﬁt%

Rinse water after chlorine froat. : Agar disc counts ‘s Agar disc
: Plate :: 5‘
. 5 Counts ssbefore chlorine treat- safter chlorine
pepiog ipocer i Weber o¥ter sxposure imont : smont
egfo :Broz ‘?p. : 2 ghurn ssBacteria: Yoasts: Nolds s:pacteria: veas
acteria: EaCEer{a‘Yeasts T WMolds :: per ¢ per : per it

per :  per
ber ml.:per ml.: :

exposure:per ml. :per ml,

E Lo :;sq. ClMe $1SQs CNi,2SQe cm.;:sq. CM. $8Q. ¢
E 5 240 }QS7° é 2 0 i1 1.1 .01 .26+ 16 0
E 5 A ? ' 17 0 0L i .YB 0
;10 18 850.000 s 9 45 : >2,000 43 .64 '§§ 500

; 10 10 1.600‘_ 1 14 i 643 05 .18 ii 20 0
E 10 3 4.990 1 1 i 32,000 4.2 A7 it 88 0
E 10 24 175;Q9° 67 0 i 52,000 6.1 6L i 15

é 10 10 55,000 | 51 10 i 1,700 6.9 20 ii 2.5 0
. 10 22 119,000 | 146 60 ii 1,500 5.3 1.4 i 4.7 0
.10 16 64,000;' 0 0 ii 1,500 .3 B2 i1 9.

10 10 12,000 [ o 0 i:32,000 0 26 ir 7.7 0
E 10 17 20,000 0. 0 ii>2,000 P olae 0
: 14.1  188,00¢ | 34 19 :: 8.2 .48 i 80
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:qghlorine treat.§§ Agar disc counts :; Agar disc counts §§
;jCounts z:bofore chlorine treat-~ ::after chlorine treat- §§
zé”rafter SXposure 3:ment e S fff_nent - N
¥§‘ggg€§ : Molds ZigagggriaS }C§Z§s; F;égs ;;Bagggria; Yggﬁts rgerf HH
~per ml,:per ml.sfsq. Chle 35SQs. Che3S0U. cm.iisq. Cn. 28Q. Crei8J. cm.ii
Y2 Y 11 .01 .26 i .16 O ES
— ;2 17 0 L0L i .75 0 24 i
Yo 15 i+ 52,000 45 .64 i1 500 2 .05 i
> 14 i 643 05 .10 ii 20 0 ;§
) 1 1 i 32,000 4.2 a7 i 86 0 ‘e
)| e 0 i 52,000 6.1 61 ii 15 06 .02 i1
) 51 19 §§ 1,700 649 .29 25 2.5 0 .05 ::
)| 146 60 :: 1,500 543 1.4 §: 4,7 0 .08 §§
»| o 0 fi 1,500 .5 .52 fi 9.4 R
o o i:i32,000 0 24 ii 7.7 0 05 i
g- 0 0 ;; >2,000 ii 144 0 .05 :i
Eff 34 19 :: 8.2 48 i:i 80 .03 ::
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the churn for 10 minutes., After exposure the concentration of
available chlorine was 10 ppm. and the temperature 76°F. The
water used to rinse the churn before the chlorine trentinent had
a plate count of 4,700 bacteris, 2 yeasts and § molds ver ml.
while the water expoaed to the churn after the treztment show-
ed 1,870 bacterina, 2 yeasts an& 0 molds. The agar disc counts
before treatment were 1.1 bacteria, .0l yeasts and ,26 molds
per so. cm, while the counts after treztment were .16 bacteria,
O yeasts and .1 mold. In the second trial with a normally
washed churn a solution containine 125 ppm., available chlorine,
at a temperature of 100°F, wan exposed to the churn for 15
minutes, After exvosurz the concentration of available chlorine
was b pnm, and the temperature YSOF. The count by the ringse
method before tresatment showed 2,700 bacteria, O yeasts and O
molds per ml, Counts were not seccured by the rinse method after
the chlorine treatment., The acar disc counts before treatment
rhowed 1.7 bacteris, O yeasts and .0l molds per saq. cm. while
after trzotwment the.counts were .75 bacteriz, O yeasts and .24
molds, |

Eipht trials were run on churn C which was very highly
contaminated in every case, Th2 concentrations of available
chlorine of the solutions used ranred from 75 to 1X1 ppm., the
temperatures from 700 to 142°F, and the reriods of exposure

from 10 to 60 minutes. The churn was filled three-fourths full
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in one trisl and one-~third full in the other trials. After ex-
posure the avallable chlorine in the solutions ranred from 16
to 50 ppm, and the temperatures from 72° to 133°F, Thea bacter-
ial counts on the chlorine solutions after exposure to the churn
varied from 2 to 550 per wl. and averaped 144G, The bacterial
counts by the rinse method befors treatment ranged from
1,030,000 to 14,600,000 per ml, and averaged 5,404,000 while
after treatment they ranred from 1,600 to 850,000 per ml, and
averazed 158,000, The yeast counts before treatment ranged
from 77 to 570 per ml, and averared 324 while after trantment
they ranred from O to 1U6 per ml, and sveraged 34, The mold
counts before treztment ranced from 10 to 1,020 per ml, and
averared 185 while aftef tr=zatment they ranced from 0 to 60 per
ml, 2nd averaged 19.

The agar discs prepared from the churh before treatment in
the eight trials with churn C wers ususlly so heavily seaded
that the numbers of bacteria per square ceéentimeter had to be
estimated. In one trisl the count was 643 per sg. cm. while in
the other trials the estimates reanged from 1,500 to more ihan
2,000 per sa. cm,; after treatment the bacterial counts ranged
from 2.3 to 500 per sg. om. and averaged 80, The yeast counts
before treatment ranzed from 0 to 43 per sa. cm, and averaged
8.2 while after treatment the counte were O in five trials and

in the other three they were .2, .06, and .0l per sa. cum,
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Before treatment the mold counts ranced from ,17 to 1.4 per so.
cm, and averaped U8 while after trestment they ranped from 0
to .04 and averaged .04,

In the one trial with churn F a solution containing 126
ppm, available chlorine at a temperature of 128°F, was exposed
to the churn for 30 minutes, After exposure the concentration
of avsilable chlorine was 32 ppm, and the temperature was 113°F.
The plate count on the chlorine solution after exposure showed
only 2 bacteria per ml., and no yeasts or wolds., The counts by
the rinse wmethod before trantment showed 3,700,000 bzcteria,
20,000 yeasts and 13,000 molds ner ml., while after treatment
the counts were 20,006 bacteria, and O yesasts snd O molds per
ml, The apar discs prepared before treatment were completely
overgrovn with molds in two days but at the end of one day the
bacteria wers egtimated at more than 2,000 per so. cm., The agar
disc counts after treatment showed 14 bacteris, O ysasts and ,05
molds ver sa. om,

The results of treatine hicshly contaminated churns with
godium hypochloritas solutiona show that thers was recularly a
gilgnificant reduction in the numbers of microorranisms in churns
when they were treated witb'solutions containing 75 to 141 ppm.
available chlorine. 1In cowparing the rasults obtained in the
trials with normally washed churng with those obtained in the
trials with highly contaminated churns it can be seen that

thers 4ia a correlation between the counts before and after
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treatment; this agrees with the observations in the previous ex-
periments with chlorine solutions on normally wached churns.
The results obtained with churn ¥ are especially significant
since the very high contaminastion of yeasts and molds was
apparently comnletely eliminated by the chlorine solution, Air
contamination probably =2ccounted for the very few molds which
appeared on the agar discs nrepared afiter treatment of the
churns,

The results obtained in the eicht triale with churn C
permit a comparison of the effects of variations in concentra-
tion of svallsble chlorine snd the temperature and time of ex-—
posure on the efficlencies of the chlorine golutions. The
highest counts after trestment by both the agar disc and rinse
methods were obtained after the churn had been treated for 10
rninutes with a solution containing 9% ppm. available chlorine
at a temperature of 70°F, This was the lowest temperature and
the shortest yeriod of exposure used in any of the trials. The
lowest count by the rinse method was obtained after thes churn
had been treated with approximately the sasme concentration of
chlorine for the same period but &t 2 temperature of 110°F,

The lowest armar disc count was obtained on a churn which had
been treated with a solution containing 133 ppm. avallable
chlorine at a temperature of 125°F, for 30.minutes.

It is reaconable to assume that the flora was not uniform
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in all the triale and accordingly the rssulte may be variable
bvut, in general, high concentrations of available chlorine, high
temperatures and loncs exposures rasulted in comparatively hioh
efficiences, The temperature of the solutions seewsd to be a
more iwmportant factor in determining the efficiencies than the
avallable chlorine concentrations and tle periods of exposure,
The decrease in available chlorine was greatest with the hipgh
temperaturas and long exposures but in every trial there was
congidsrable residual chlorine in the solutions after exrosure,

The mioroflora from ths highly contamineted churns reseme
bled the microflora of hieh count churne encountered in the
study of churns in commercial plants. Many tvres of organisms
were usually renresented snd the yellow micrococci were often
predominant. After the chlorine treatments there were usually
very few tynes represented and these were chiefly members of the
genus Bacillus.

It ia significant thst the ohlorine solutions after exposurs
to the churn contained comparatively few bacteria and no yeasts
or molde while the waters expossd to the churn after the chlorine
trentments always contalned muceh larger numbers of Saoteria and
often significant numbera of yeasts and wolds. Thls suprests
that there are certain infectlion foel in the churn which do not
have sufficlent contact with the sterilizine medium and which are
the principal sources of contamination of the water used to rinse

the churn after the chlorine treatments. * That orranisms are
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harbored in these more or less protected places is also shown
by the fact that churn T soon arain became hizhly contaminated
with molds after it had stood for a fewr daye.

2. Chloramine preparstion

The results obtained in the attempts to reduce the ocon-
tamination in churns with hot water and with chlorine coupounds
sueereated that a combination of the two micht be even more
suoceésful than either alone. Since hypochlorite solutions
loge their available chlorine rather rapidly at high tempers-
tures s chlorsmine preparation waes used in trials alons this
line,

The results of five trials in which a highly contaminated
churn (churn ¢) wazs trsated with chloramine solutions are shown
in table 11. The churn was filled one-third full in every
trial, In the first three triale the concentrations of avail-

able chlorine and the temperatures of exposure were approximately
the same while the veriods of 2xposure varied, Before exposure
tte concentrations of available chlorine were 11%, 101 and 93
pow. and the temperatures 1929, 190° and.188°F., respectively,
After exposura the avallable chlorine concentrations were 91,

8% and &4 ppm. and the temperatures 176°, 165° ana 158°p, . res-

pectively. In the first trial where the perlod of sxposure was
20 minutes the chlorine solution after exvosure contalned 9,200
bacteria per ml, The counts by the rinse method before treat-

ment showed 7,300,000 bacteria, LOO yeasts and 95 molde ver ml.,
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Treatment of s highly contamin

HEH t: Rinse w
HE Chlorine Solution e
s :Before Exposure;;After Exposure;Bacteria ‘s ) )
HH : : Tt : sper ml, ::Water
+¢ Period : H HY T iafter ex-::from tap
s of H : Avall, :: 1+ Avail c:posure to::Bacteria
Trial Date ::exposure:Temp.: chlorine::Temp.:chlorine:churn s iper ml,
T: min. OF, PP, :: OF, PPite HE
1 4/7/32 :: 20 192 113 22 176 91 9,200 :: 8
2 4/14/32 :: 60 190 101 :: 165 88 :
3 4/22/32 :: 80 188 93  :: 158 84 9,800 i: O
4 4/29/32 i1 30 135 102 ::128 95 7,800 1t 1
5 5/3/32 :: 60 190 28  :: 168 18 15,300 :: 80
;: Aversge o 10,400 ;; 22
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Table 11

.ghly contaminated churn with a commercial chloramine preparation

Rinse water belore

: t: Rinse water after T
: chlorine trecatment e chlorine treatment $s
a s Plate Counts t Plate Counts e
.« :liater  Water after exposurec t:Water + Water after exposure $e
ex~::from tar: to churn Tor 10 min, ::from tap: to churn for 10 min, = :3:
» to::BacteriaiBacterlaiYeasts :flolds ::Bacterila:Bacterla:Yeasts : Folds ::; A
siper ml, : per ml,:per ml,:per ml.::per ml. : per ml.:per ml.:per ml.3: sSq. Ch.
vt T R
) i1 8 7,500,000 400 95 :: 1 29,000 2 2 :: 32,000
iy o e 1 125
> :: O £,170,000 770 120 :: 5 8,000 0 B i >2,000
) 11 700,000 2,190 55 :: 16 8,200 21 10 :: 186
) :: 80 274,000 490 130 i: & 10,000 3 ST 41
) :: 22 2,810,000 983 100 i: 7 13,800 7 B it
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while the counts after treatment showed 29,000 bacteria, 2
yeagts and 2 molds per ml. The agar disc counts before treat-
ment were 32,000 bacteria, .78 yeaste and .07 molds ver so.
cm,, while the counts after treatment were 103 bacteria, O
veasts and .02 molds ver sa. cm,

In trial 2 the period of exposure was 60 minutes, The
agar disc counts before treatment wers 125 bacteria, 1.1
yeasts and .74 molds rer so. cm. and the counts after treatment
were 18 bacteria and O yeasts and O molds ver éq. cm, In the
third trial the chlorine solution was exposed to the churn for
80 minutes and had 9,800 bacteria per ml, at the end of the
exposure period, The counts by the rinse method before treat-
ment were 2,170,000 bacteria, 770 veasts end 120 molds per wml,,
while after treatment the counts were 8,000 bacteria, O yeasts
and 5 molds per ml, The agar disc counts were 2>2,000 bacteris,
1.8 yeasts and 1.7 molde per so. cm, before treztment and 32
bacteria, .0% yeasts and 2,7 mblds per sg. cm., after treatment,

In the fourth trial a solution containing 102 ppm, aveil-
able chlorine and at a temperature of 135°F. was exposed to the
churn for 30 minutes. After exposure the avallable chlorine
was 95 ppm., and the temperature was 128°F, and the plate count
showed 7,300 bacteria per ml, of the solution. The counts by
the rinse method before treatment showed 700,000 bacteria, 2,190

yeasts and 5% molds per ml., while the counte after treatment
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were 8,200 bacterls, 21 yessts and 10 molds per ml., The agar
disc counts before treztment wers 186 bacteria, .2 yeasts and
1.1l moldse per so. cm. while the counts after treatment were 55
bacteria, .08 yeasts and .1 molds per sqg. om.

In the fifth trial 2 solution containing 28 ppm. available
chlorine and at a temperature of 190°F. was exposed to the churn
for 60 minutes, After exposurs the concentration of available
chlorine was 18 ppm., the temperature 168°F, and the bacterial
count on the chlorine rinse 15,300 per ml. The counts by the
rinse method before treatment were 274,000 bacteria, 490
veasts and 130 molds per ml., while the counts after trestment
were 10,000 bacteria, 3 yeasts and 3 molds per ml, The agar
disc counts before treatment were 41 bacterin, O yeasts and
U8 molds per so. om., while the counts after treatment were
27 bacteria, .02 yeasts and .06 molds,

For the five triale the averare bacterial count on the
chlorine ringe after exposure was 10,400 per ml, The averapge
‘counts on the water used to rinse the churn befor: treatuent
were 2,810,000 bacteria, 983 yeasts and 100 molds per ml,, while
the average counts on the water used to rinse the churn after
treatment were 13,800 bacteria, 7 yeasts and 5 molds rver ml.
"The averages for the agar disc counts taken before treztment
were ,78 veasts and .82 molds per sa. cm., while after treat-

ment the averawe counts were U7 bacteris, .03 yeasts and .54
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molds per so. cem, MYany of the bacterisl counts befors treatment
woere estimates and so the average would be valueless,

The results show that the treatment of a highly contamin-
ated ohurn with ohloramine solutions resulted in significsnt re-
ductions in numvers of bacteria, yessts and molds but that in
every trial the churn still contaluned considerable numbers of
ormanisms, The higher concentrations of available chlorine and
the higher temveratures and longer periods of exposure were ap-
parently more efficlent than the lower concentrations c¢f avail-
able chlorine and lower temperatures and shorter periods of
gxposure,

By referring to the experiment where hat water was uéed
to treat churns (see following experiment) it can be seen that
water slone mave results comparable to the results secursd in
the tre2tments with chloramine solutiong using nearly the same
temperatures and periods of exposure; it is spparent that the
destruction of the orgsnisms by the chloramine solutions was
probably largely due to the action of heat rather than to the
action of the available chlorine. .The results secured in trial
four, in which the solution contained 102 ppm. available
chlorine and had a temperature of 135°F. and was exposed for 30
minutes, show that, by comparing the results with those secured
with sodium hypochlorite solutions under similar conditions,

the chloramine solutions are less effective than the sodium
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hypochlorite sclutions, especially in the destruction of yeasts
and molds., It 1 also significant that the bacterial counts on
the chloramine solutions sfter exnosure to the churn were all
considerably higher than the counts on the hypochlorite solutions,
and that avpreclapnle numbers of yessts and molds were still
preeent in the churn avter treatment,

Bven at the very hizh temperatures usad the chloramine
solutions lost much 1ess.available chlorine than did any of the
other chlorine solutions which were 211 used at much lower
temperatures. Thisvindioates th=t chloraminea are much more
gtable than hypoohlorites when in contact with the wood of churns.

b. Use of hot water on hienly conteminated churng

The method used for determiving the efficiencies of hot
water trestments of highly contaminated churns wae as follows?

Aocar diac counte wers run on the churn, Samples for counts
by the rinse method wers then secured by adding 10 gallons of
tap water to the churn and revolving in hizgh gear for 10 minutes,
The rinse water was left in the churn, hot water was added to the
desired fullness and the total quentity was heated with steam
to the desired temperature. ¥Yhen the period of exposure was
lese than 30 minutes the churn was revolved in high gear for the
entire period but when the reriod of exposure was more than 30
minutes the churn was revolved in high gear for 5 or 10 minutes

and then revolved in low gear with the rollers working for the
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remainder of the psriod. After the exposure the temverature of
the water in the churn was taken and a sample for plating was
obtained. The churn was drained and then rinsed with 10 gsllons
of water for 10 minutee for the dstermination of the count by
the rinse method., After the churn had been drained and dried
thorougrhly agar disc counts were run on it avrain, usually within
four houre after treatment, but in some trials the churn was
2llowed to stand over night before the counts were made,

Churns ¢ and F (see preceding exverimente) were used. Churn
C was contaminated between trials (See: Use of chlorine com-
pounds on highly contaminated churns) while churn F had stood
idle for over a month sfter it had been treated with a sodium
hypochnlorite solutlon and showed extensive mold growth in
various places on the interior surface,

The results of seven trials on the trecatment of highly con-
taminated churns with hot water are shown in table 12. The
churns were filled from one-half full to full with water at
temperatures ranging from 130° to 208°F, The periods of exposurs
ranged from 10 to 70 minutes and the temperstures after exposure
from 168° to 196°F, The bacterial counts on the hot rinse water
after exposure ranced from 5,000 to 23,000 per ml. and averaged
11,443, No yeasts or molds were ever detected in this water.
The bacterial counts Ly the rinse method before treatiment raneced
from 1,000,000 to 13,300,000 per ml. and averaged 3,624,6000,
while after treatment they ranged from 2,800 to 30,000 per ml,
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e: Plate cou
32 Hot rinse water HE ' ho
23 : 2 : sBacveriastiater | @
:tFullness: Period : Tempe. ¢ Teup. :por ml. ::from tap:
HE of : of : before : after :aftor ::Nacterias™h
Trial Date Charn:: Churn :1exposureiexposire:exposure:exposurss::per ml, 3
T3 min. Olds CUF, 3
1 2/26/32 ¢ :: 8/5 10 199 190 5,000 i1 11 13
2 3/3/32 C i1 2/ 20 204 192 7,500 :: 151 5
5 3/11/32 ¢ :: 2/3 30 208 196 7,800 :: 38 e
4 3/24/32 ¢ i: full 40 204 194 10,800 :: 3 1
5 3/31/32 ¢ :i: full 60 207 191 13,800 :: 18 1
6 4/22/32 F i1 1/2 70 208 196 23,000 :: 0 1
v 5/3/32 F i: 1/2 60 180 168 12,200 :: 82 3
;; Average 11,443 ; 45 &
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[

?reatment of highly contaminated churns with hot water

N ! s HE ‘ :
:: Plate counts on rinse water before :: Plate counts on rinse water after :
i - hot water treatmont 1l hot water treatiient :
lasWater : Water artor exposure :tiiater : Water after exposure :
v s:frowm tap: “to chuern for 10 min, 1:from tap: to chnrn for 10 min, H
s:Pacterine lactoria : veasts ¢ Nolds ::Bacteria: DPacteria : Yeasts ¢ MNolds
*gseper ml, 3 per wl, ¢ per ml, : per ml, ::per ml, : per ml, : per ml. : per ml, :
y s: 11 13,300,000 300 1,450 :: 33 16,000 42 e 1
> i: 151 5,250,000 45 150 :: 43 11,200 2 16
e 38 2,300,000 60 35 e 71 2,800 0 1 H
HH ' Hi- H
) s S 1,100,000 52 25 1 2 5,300 1 1 :
7 i 18 1,100,000 950 290 :: 40 5,550 0 1
J 2 0 1,000,000 50 850,000 st 5 18,500 0 8 ;
$e HH :
J 82 1,520,000 6 150 s: 8 30,000 1 2 :
3 :: 43 5,624,000 209 118,857 :: 29 12,478 7 15 i
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and averaged 12,478. The yeast counts before treatment ranged
from 6 to 950 per ml. and averased 209 while after treatment
they ranged from O to 42 per ml., and averaced 7. The mold
counts before treatment ranped from 2% to 83%0,000 per ml.
and averaped 118,857 while after treatment they ranged from
1 to 76 per ml, and averaced 15,

¥ith the agar disc method, the bacterial counts before
trzatment ranged from %2 to >2,000 per so. cm.; since most
of the counts wer:s estimated the averace would be of no signifi-
cance, After treatment the bacterial counts rangzed from 12
to 165 per sg. cm. snd averaced 55, In one trial (trial 6.
Churn F) no veast or mold counts were obtained before treatment
because the whey agar disces were comuletsly overgrown with
molds in two days. In the other six tri=ls the yeast counts
before tresiment ranred from .01 to 27 per sg. cm. and averared
.5 while after treatment they ranved from 0 to .07 per so. cm,
and averaged ,02. In these six trials the molds counts before
treatment ranged from .1 to 2 per sg. c¢m, and averaged .62,
while after treatment they (six triala) ranced from O to .2 per
sa. cm, and averaved ,07.

These results indicate that the microbiologic content of
hichly contaminated churns ocan be reduced to a very low flgure
by treating the churns with water at 180°F. or above for 30

minutes or more, However, even afier the most severe treatmertt

B e et
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used thers was still s considerable number of microorganigms
present in the churn., Since the hot rinse after exposure to the
churn alwsys contained =2 considerable number of bacteria but
never any veasts or molds, it is aprarent that at least a vart
of the organisms found in the churns after trzatment were able
to resist the temperatures used and were not derived from pro-
tected infeotion foeci.

The counts by the rinse method indicate that when the periods
of exvosure were short (trisls 1 and 2) sienificant numbers of
yveasts and molds survived the treatment; it is also sisnificant
that in these two triale aﬁd in the one trial in which a tempera-
ture of 180°F. was employed (trial 7) the counts on the waters
used to rinse the churns after treatment were higher than the
counts on the hot rinse waters, while in the trials in which the
temperatures were 200°F, or higher and the periods of exposure
were 30 minutes or longer the counts by the rinse method after
treatment were always lower than the counts on the hot rinse wa-
ters, “These observations indicate that, due to their being har-
bored in more or less protected places in the churn, yeasts, molds
and non-spore forming bacteria may survive hot water treatments;
however, when temperatures of 2000F, or over and periods of ex-
posure of 30 minutes or longer were used only the spore-forming
bacteria were able to survive, due presumably to the heat pene-~
trating the wood in the churn to such sn ewtent that the non-re-

sistant orgpaniams were killed,
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C. iWffects of organisms isolated from churns on
the keepine ouality of bubter

From the investigation on the extent of contamination of
churns in commercial use it was found that the microflora of
carcfully treated churns included very few tyves, chiefly mem-
bers of the genus Bacillus, while the microflora of carelzssly
treated churns usually included many types representing several
genera, In order td determine the effect of the differesnt tynes
of microorganiams found in churns on the keeping ocuslity of
butter, seversl series of churnings were made on a laboratory
scale, using pure cultures of organisms from churns to inocu-
late the cream just before churning.

The pure culturea used were isolated from the agar discs
prepared in the studies on churn contamination. The inocula
were vrepared, as follows:

A series of blank plates, correspounding to the numober of
cultures to be studied, was vrepared by pourin: about 10 mnl,
of beef infusion agar into each plate., After the apar had
solidified each plate wne inoculated by transferring a percep-
tible amount of the material from a cuiture of the organism to
be unsed znd distributiny this over the whole surface of the agar

in the plate with 2 sterile glass rod. The plates were incubated
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two days at 46°F, and suspensions of the orcanisms then prepar-
ed by floodine each plate with about 10 ml,., of sterile water
and distributine the mase of ¢rowth throushout this with a
sterile needle., In a few cases mixtures of ormanisme were used;
the azar plates wers streaked with small amounts of material
secured from each of several types of colonies appearing on
arar discs and the plates were then handled the same ag for the
nure cultures,

The cream used was prepared as followse: Hicoh ouality
raw or=an was dispensed into sterile one-aquart glass-~top
fruit jars, fillin~ each jar about one-half full, The jars,
with the lids on loose, were then placed in a water bath with
the water deep enousrh to come up above the level of the cream,
The cream was heated to about 1%0°F,, held for 20 minutes and
then cooled slowly, with running water, to about 50°F, During
the héatinw and cooline the jars were gently shaken frequently
80 as to insure falrly uniform heating.

The inocula were then added and the cream churned, one
uninoculated portion heing churned in each series to serve as
a2 oheck, The churn used wass one especially bullt for churning
cream in ouvart jars., It hed gix compartments, in each of
which a cuart jar could be placed. The compartments rotated
on a shaft at such a speed that in the jars tumbling end over
end pronounced agitation occurred. The butter was washed with

sterile water and worked in sterile pane with sterile paddles.
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The unsalted butter was packed in small sterile jars, each hold-
ing about one-third of a pound., The jars were shaped much like
a butter tub and were closed with métal gcrew-tops, A pisce of
parchment was placed under esch cap to 2void any contsct of the
butter with the metal,

The jars of butter were stored in an incubator st 59°F,
and were scored from time to tiwme. Because the samnles were
small and because of the pronounced heated flavor only the
development of flavor defects was noted and no attempt was made
to place a numerical score on the butter. Plate counts ware
run on the samnles, usually after about three days storage,
in order to ret san idea of the nuwbers of organisms present
and to determine whether or not the types of organiems used to
inoculate the cream were highly nrsdominant.

Slxty~-one pure cultures were used in studying the effects
of the orcanlisme 'isolated from churns on the keepine cuslity
of butter. The general characters of thess organisms, all of
which grew well at ordinary temveratures under aerabic condi-
tions, are c¢iven in key 1. The influence of the various or-
ganliesms on butter is shown in table 13; the dats are arranced
on the basig of the yzneral tvpes of the orpanisme in an at-
tempt to show any correlation between the types and the de-
fects vroduced.

The orranisms in group 1 were (Gram positive, snore forming
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Key 1
Xey to organisms used in inoculation of cream
A, Cells rod shaped
B, Form spores
0. Gram positive
D, Litmusg milk rspidly chanezed
B, 8licht acidity formed

¥. Rennet coagulation
Reduced

G. Slowly proteolyzed
X1
X4
X5
Y

GG, Not proteolyzed

F¥, Not coarulated
Hot reduced. Slightly acid.

EZ, No acid formed

¥, Proteolyzed
Al
B4
ae
D1
n2
D5
r2
J2



FF, Not proteolyzed.
Alkaline reaction

DD, Litmus milk not rapidly chzanred
8low reduction. Rennet coarulation.
81lizht proteolysis

¢C., Gram ﬁegative
Alkzaline rezction in litmue milk

BB. Do not form spores

C. Gram positive

D, Litmus milk proteolyzed

DD, Litmue mlilk not proteolyzed
Alkaline rezction

CC. CGram negative
D, Litmus milk definitely chsnped

. Proteolyzed

X6
Y1l

C3
D6
w1
71
74,

Y2
Y5

Z1Y

B6
BH2

¢
0
Ji

BHY
BH5
ch

E2
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EE, Not proteolyzed
Acid reaction, Not coapulated.

DD, Litwus milk not definitely chanced

AA, Cells spherical
B, Cells iun irrezular masses
C, Pigment formed
D, Picment yellow
E, Gram positive
F, Litmus milk definitely
changed, Slightly acid,

rennet coagulated, proteo~
lyzed

FF, Litmus milk not definitely
chaneed

BE, Gram nerative
Yo chanse in litmus milk

DD, Pigment oranve

E. Gram positive

F. Litmus milk stronv alkaline

PP, Litmus milk not alkaline,
8lightly acid, partially
coasulated, partislly reduced.

7

210

c7

Z6
731

D11
F1

BH1

Cl

QL
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0C. Piement

B, Gram negative

Litmus milk acid, coarulstad,
vartially reduced.

not formed

D, Gram positive

Litmus milk slichtly acld

DD, Gram necative

=
n

BB, Cells in pac
Gram posit
licuefied,

E. Gelatin liouefied
Litmus milk acid, coasulated,
reduced

B, Gelatin not liquelied

F, Litmus milk slightly alkaline
TP, Litmus milk strongly alkaline

kets or cubes.
ive, yellow pigment formed, gelatin
No reaction in litmus milk

G2

D3

Dy

Bl
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Table 13

Effects of purs cultures of orgsnisms isoclated from churns
on the keering ouality of butter stored at 59°F,.

tAge of:
tbutter:

: :when
Organismsivlated: Plste Count

Bacteria
per ml,

Changes onroduced in butter durine holding

Group 1 reduction, slow

Gram positive spore forming rode, Litmus milk: =2¢cid, rennet coarulation,
proteolyeis.

X1
X4
X5
YU

3
3
3
3

46 ¢ 05 se pe a0 a0

v

2, 850,000
3,650,000
3,550,000
3,700,000

e 20 00 00 -850 00 G0 0 »

25

25

days,

days,

10 days,

13

days,

slizhtly nutty; 58 dayg slicshtly rancid.
malty; 58 days, pronounced malty.
slizhtly malty; 25 days, malty; 5% days, very

wnalty,
slirhtly unclean, supgested rancidityv; 45 days,

not much chanee,

Gram positive svore forming rods, itmus milk?! acid, rennet coaxulation,
Group 2 no

proteolvgis,

x2
X3
X7
X8
X9
X10

% 95 a8 40 86 00 00 20 80 e

WwWOW W W W W

PO 4O 40 a0 as s° 2 ¢0 20 e 3 b8

1,307,000
2,650,000
1,100,000
3,250,020
1,650,000
2,200,000

86 26 08 s¢ 00 00 00 P 00 #p 68 s

25

25

dayvs,
dsys,
days,
days,
days,

days,

elightly nutty; 58 days, not much chanee,
slightly nutty; 58 days, not much changs,
unclean; 53 days, slicghtly cheesy.

slightly rancid; 36 days, distinctly rancid.
very little chanwe,

flivhtly off; 58 dayvs, slishtly cheesy.
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Table 13 (continued)

tAge of: :
tbutter: RBacteria :
iwhen 3 rer ml. :
Organismsiplated: Plate Count @ Changees vroducasd in butter during holding
Group 2 (continued)
Y6 : 3 ¢ 1,250,000 : 45 dave, little change.
718 : 3 : 3.500,000 : 41 davs, slichtly nutty.

Gr=m positive spore forming rod. Lifwus milk: sliehtly acid, not re-

Group 3 duced,. rennet coagulated.

.

cg : 3 602,000 ¢ 29 dsvs, nutty, sli:-htly rancid.
Gram positive spore formine rods. Litmus milk: rapid protsolysis.
Group 4 Meutrzl or 2lksline reaction.

Al : 10 : 72,000 ¢ 29 days, unclesn; Y41 dave, unclesn but not highly ob-
: : ¢ jectiomnsble.

By : 3 : 9,200,000 : L days, elisht Inzlisbhb walnut fl-vor; 10 days, distinct
: : ¢ English walnut flavor.

c2a : 10 : 3,350,000 : 11 dsve, slichtly rancid; b1 daye, very rancid,

DL ¢ 10 : 8,850,000 * 41 dasyvs, little chanps, slichtly nutty.

D2t 10 2,650,000 : 11 d=ays, slirhtly off; 41 d=vs, cheesy.

Dy + 6 : 2,190,000 : U9 davs, slirhtlv unclezn.

F2 : 10 : 3,100,000 : 20 davys, unvleasant and unclean; 41 days, unclean, Tan-
: : : cid, cheesy.
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Table 13 (continued)

tAge of: :
tbutter: Bacteria :
:when @ per ml. :
Croanismgiplated: Plate Count Chanceg produced in butter during holding i
Group 4 (continued)
J2 : 6 ¢ 5,950,000 : 1L days, slicht ¥neglish walnut flavor; 36 days, distinct
: : ¢ EZnglish walnut.
X6 T3 ¢ 2,950,000 : 25 davs, slichtly unclean, sugrestion of rancidityv; 5%
: : : days, not much chanse.
Y1 : %2 1,700,000 : 18 davs, unclesn: 45 dsvs, not much worse.
Gram positive spore forming rods. Litmus milk: Alkaline resction. #o i
Grouvp 5§ coagrulation, reduction or protsolvsis. ;
C3 : 3 ¢ 30,500,000 : 10 days, unclean; 18 daye, rancid! rancidity suzzested ;
: : ! higher volatile =zcids. : .
- 940,000 : 31 d=vs, slirhtly cheesy.
w1l i3 ¢ 1,750,000 ¢ 18 davs, slirhtly unclean; 50 days, not much worse.
2L 3z 3L 000 : 50 daye, slizhtly rzncid.
Zh 6 8,300,000 : 14 dave, slight old crezm flavor; 25 davs, unclean,

Gram positive spore forminv rods. Litmus milk! slow r2duction, rennet
Group 6 coaculstion, slizht proteolvsis.,

3

29 dzys, nutty, slishtly objectionsble; W5 dzys, not much
worse,

Y2 15, 800, 000

e 2w we
s ae oo
ee e oo
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Table 13 (continuzd)

tAce of: :
sputter: Bacteria ¢
swhen ¢ rer ml., !
Orzznismsiplated: Plate Count! Chanyes vroduced in vutter durins holding
Group 6 (continued)

Y3 ¢ 3 ¢ 1,420,000 : U5 days, slightly off.

Y5 P 3 & 15,500,000 : 7 dave, slicht surfsce taint; 18 days, distinet surface
: : : tsint. (Butter underchurned).

Groun 7 Gram ne-ative svore formine rod. Litwmus milk: zlkaline,

yAR ; % ; 2,580,000 : 10 davs, slishtly unclean; 28 dayvs, rancid.
Group 8 Gram positive, non-svors forminy rods. Litmus milk: vnroteolveis.,
B6 : 6 : 200,000 : U9 days, slightly unclean.

BH2 3 ; 1,859,900 E b5 daye, slightly off.

B3 i 10 : £3,000 : U1 3ays, slichtly unclean.

Grour 9 Grsm rositive, non-sporzs formins rods. Litmues milk: slksline,

¢s 10 i 11,200,000 : k1 daye, 1ittle chanve; slishtly nutty.

DLy o4 400,000 : 21 days, slichtly stron~ and bitter; 41 days, unclean, sour,
: : : slichtly r2neid.

Jy 10 s 95,000 : 20 days, elichtly off; 41 days, unclean, almost like sur-
: : : face taint.
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Table 1% (continued)

tAoe of :
tbutter: Bacteria :
‘when per ml, :
Orgsnisms:iplated: Plate Ccount @ Chanres produced in butter durins holding
Groun 10 Gram necative, non-svore formming rods. Litmus milk: nroteolvsis.
BH4F : 3 : 11,850,000 : U5 days, slightly bitter; decided off flavor.
BHG : 3t 14,950,000 : 7 days, slicht ester flavor; Y45 da2ys, fruity, cheesy
: : ¢ a2nd bitter.
ch : b 9%0,000 : 17 days, vunclean and sour; 31 days, very unclean.
E2 10 : 25,800,000 ¢ U1 dave, unclean, bitter: almost like surface taint.
Gram negative, non-spore forming rods. Litmus milk: 3cid rezction. Hot
Group 11 coarulated,
%3 t 3 ¢ 6,800,000 : 18 daye, unclean and rancid; 39 dave, very rsncid.
Z9 T3 : 28,300,000 : 18 days, unclean; 2% days, unclean and sour.
Z10 : 10 : 41,300,000 : 20 daye, unclean and sour flavor like that produced
: H : by Escherichizs-Aerobacter organisms,
Group 12 Gram nezative, non-gspore forming rods. Litmung milk: nec reaction.
Cc7 : : 27,900,000 : 18 days, slightly unclsan; 302 days, little chance.
K2 : : 625,000 : lU days, uncleszn; 36 days, unclezn; like limburger or
: : ¢ brick cheese.
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Teble 13 (continued)

tApe of: :
tbutter: Bacteria :
swhen @ ver ml, :
Orcanismg:plated: Plste Count ¢ Changes produced in butter during holding

Group 12 (continued)

.

26 g 6 5 25,600,020 E 10 dzys, typical old cream flavor; 36 days, unclean.

i}l ; 3 ; 9,800,000 ; 10 dayse, slightly off; 58 davs, unclean; sucgested
: : :_cheesginess,

Grou? 13 0?001 tynes. '

D11 g 4 E 13,200,000 E 17 days, slightly rancid; 41 days, very rancid.

Fl1 % 10 % 37,600,000 g 41 daye, unclean and sour.

BH1 g 3 g 3,700,000 E L5 days, little change.

c1 % L E 1,800,000 é 41 days, slightly unclean.

Gl g 6 g 13,100,000 E 49 days, slightly off.

B3 ; l ; 76,800,000 ; 237 days, unclean, suogested slight rancidityv; 41 days,
: : f rancid and tallowy.

G2 i 6 10,500,000 b1l days, slichtly sour and unclesn; 36 days, rancid and
: : f unclean.

D3 : 3 : 31,600,000 : 18 days, sour and unclean; 50 days, rancid snd cheesy.

D7 : : 2,600,000 : 31 days, slightly unclean; 41 days, rancid,
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Table 13 (continued)

t4ge of:
‘butter:
cwhen

Organisms:plated:

Bacteria
per ml,
Plste Counts

e ve oo oo

Chanzes produced in butter durinz holding

Group 1% (continued)

zlg : 10
Zl15 : 6
Bl L

10, 600,000
10, 00, 000

I, 600,000

B0 90 .00 .00 40 o 06 8¢

41 days, 1ittle chanze; nutty.

25 days, unclean and sour; 36 days, unclesn, sour and

rancid.

17 d=ye,
rancid.

slizhtly rancid; 41 dsyg unclean and very
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rods which developed sn acid reaction in litmus milk followed
by rennet coagulation, reduction of the litmus and slow
proteolysis, Of the four organisms of this type, two (X4 and
¥5) produced e mslty fle=vor in butter and the other two (X1
and Y4) produced a slipht rancidity.

| Group 2 included elght orpenisms which differed from
those in the first groupr by not showine any protsolysis in
litmus milk, Four of the organisme (X2, X3, X9 and Y6) pro-
duced only a slisht chense in the butter; three of thess pro-
duced 2 8lightly nutty flavor., Two organisms (X7 and X10)
caused = slight cheesy flavor while the remainine two (28
and Z1%) caused rancidity,

The organism (¢8) in group 3 differed from those in
group 1 in that the only chanee in litmus milk was an acid
reaction. It produced 2 nutty and slightly rancid flavor in
butter,

Group 4 included the Gram positive, spors forming rods
which proteolyzed litmus milk without the production of an
acid reaction. ¥ith most of these organisms the proteolysis
was rapid and the final product was a clear amber or wine
colored liouid. Of the 10 orvanisms in the rroup, five (AL,
nL, Dy, X6 and Y1) produced little change in butter except
for a slight unclean or slight nutty flavor; two (B4 and J2)

produced a pronounced English walnut flavor, one (02) caused
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rancidity, one, (D2) produced a rather cheesgy flavor and one
(r2) produced a dirty, rancid and cheesy flovor.

Group H included five organisms which differed from
those in the preceding zroup in that they developed an alkaline
reaction with no proteolysis in 1itmus milk, In weneral, thes=
orcanisms caused vsry pronounced defects in butter, Two (C3.
and %1) caused rancidity, one (D6) c=2used slipht cheesiness,
one (7%4) caused a distinct old cream flavor while the other
(¥1) vroduced little chanee.

The three orranisms in group 6 were Gram positive spore
forming rods which caused a slow redustion of litmus milk
followed by rennet coarulation and slight proteolysis, Two
of them (Y2 and Y¥3) produced little change in butter while the
third (¥5) caused 2 distinet surface taint flsvor; however,
the development of the surface taint is not significant be-
cause the butter was under churned and congeocueuntly its curd
content was very high,

The organism (Z14) in esroup 7 wss a Gram nesative, spore
forming rod which developed an acid reaction in litmus milk,
The butter inoculated with it developed sn unclean flavor and
then becawe rancid,

In general, the changes produced by the serobic spore
forming rodes (genus Bacillus) developed slowly and were not

extensive. Nutty, elirsht unclsan and slipght cheesy flavors
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werea produced by the members of this group sand a rancid flavor
wan common in most of the sawples thet showed pronounced de-
fecta, The oresnisme which proteolyzed litmwus wilk rapidly
were appsrently more detriwenta2l to the keepins ouslity of
butter than were the other types belonrine to the general group.

The organisms in group & were Cram nerative, non-spore
forming rods which proteolyzed litmus milk, The changas.pro-
duced in butter by the thres organisms in this group were not
marked; two (B6 and H}) produced a slicht unclean flavor and the
other (BH3) produced a sliqht,‘indefinite off flavor.

The three organisms in group 9 differed from those in the
previous group by producine an alkaline reaction and no
proteolysis in litmus milk, One (C5) produced a slipght nutty
flavor, another (D1U) caused sn unclean, mour and slightly
rancid flavor while the thixd (J4) produced an unolgan flavor
almost like surface tsint,

The four organisms in group 10 were CGram nerative, non-
sporve forming rods which proteolyzed litmus milk, All four
caused the development of pronounced defects in butter. One
(BHL) produced a bitter flavor, another (E?)eproduced a bitter,
unclean flaveor almost like surfsoe taint, another (BHS) pro-
duced an ester-~-like flavor which became fruity, bitter and
cheesy while the other (CH) produced a dirty, sour flavor

which became very unclean.
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The three organisma in group 11 differed from those in
croun 10 by developing only an acid reaction in litmue milk and
no coarulation or proteoclvels, The defects in butter caused
by th: organiems were vronounced: two (79 and 210) caused
an unclean, sour flavor like that proiduced by organisme of the
@scherichis-Aerobacter éroup and the other (73) w»roduced an
unclean and rancid flavor,

The four organisms in group 12 differad from those in
groups 10 and 11 in that they produced no chanres in litmus
milk, All produced warkei defects in butter, an unclean
flavor heinz included in the defects produced by each, With
one orsanism (X2) th: flavor eventually became like brick or
limburgsr cheese and with another (%31) the flavor surwested
cheesiness after K% days of stora~e, while with the third (26)
a tynical old crezm flavor waa produced within 10 dzys.

In ¢eneral, the developrent of defects by the aserobic non-
spore forming rods was more rapid and more pronounced than
the development of defects by the aerobic spore forming rods.
Also, the defects produced by the former group were more varled
and often more objectionszble than those produced by the latter
group.

Group 1% included sll the 12 coccus types studied, Pre-
sumably, 11 of these tvpes beloneed to the wenus Micrococcus
and one (Bl) to the genns Sarcina. Four bf the organisme

(BH1, C1, Q1 and 219) produced little chanre in butter. Four
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(vi1, B3, N7, and Bl) produced pronounced rancidity and with
the remaining four (Fl, 62, D3 and %15) an unclean and sour
flavor was a common defect; further changes were produced by
three of these latter orranisms, two (G2 and Z15) causin - a
rancid and unclean flavor and the other (D3) a rancid and
cheesy flavor.

In ¢eneral, the chances produced by the coccus tyres
werz cuite ravid snd the defects were pronounced znd rather
objectionzble, Hancidity was the mosi commnon defect pro-
duced and a2n unclean and sour flavor was common to several.

Effects on the keepiny cuality of butter of mixturzs of the

or-anisms derived from churns are shown in table 14, fach
mixed culture conteined orssnisms secured from 10 to 16 colon-
ies representative of the flora of a churn. ©ince the orpan-
iems were 2l1ll derived from reason~oly clean churns thy were
chiefly members of the senus PBacillus. Each of the five mixed
cultures proiluced a different chanpe in butter: Number 1
produced a very ranclid putrid and cheesy flavor; number 2 pro-
duced a distinectly off flavor which later develoved into a
slightly malty flavor; number 3% produced a very musty flavor
and odor; number U produced a rapid developrent of a surface
talnt flavor; and number § developed an old, sour cream flavor,

The develorment of defects was very rapid in all the

gamnles of butter inoculated with mixed cultures, a pronounced
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Table 14

Effects of mixed culiures of organisms isolatzsd froa churns
on the keepingz cuality of butter stored at 59°F

Number lated: Plzate Count Changes producsd in butter durine holding

Loe ofd
Hixed :butter! Bacteria
Cultureiwhen : ver ml,
D

1 : 10 : 1,L00,000 : 7 days, rancid and slightly putrid; 41 days, very rancid,
: : ' ! putrid and cheesy.

2 ¢ 3 ¢ 4,200,000 : 7 dsys, distinctly off; 29 days, sliphtly malty; U5 days,
: : : not moch worse,

3 : 3 ¢ 28,700,000 : 7 days, oily; sugzgested kerosene; 18 days, musty.

4 : 3 : 7,100,000 : 7 davs, pronouncad surface taint flavor,

5 : 3 : 700,000 : 7 dzys, unclezn, slightly wmalty; 18 days, old sour crzam
: : ¢ flavor,
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defect being evident after seven days storare; with all but one
of the mixtures (number 2) the flavors developed wers very ob-
jeotionable,

In ¢general, the mixed culturss produced more rapvid and
more undesirsble changes in butter than did the pure culturss.

The results show that all of the 6} pure cultures of or-
ganisms isolated from churns produced some chanres in butter
al thouch the chanres nroduced by many of them wers not serious.
It is interestine to note that, in general, the organisms
common to clean churns (Bacillus types) were apparently not as
detrimental to the keepine ouality of the butter as some of
the other organisms, particularly non-spore forming rods. It
ia also sirnificant that, in general, the mixed cultures brousht
about mors rapid 2nd more extensive chanves than did the pure
cultures; this suerests that a clean churn hae several advant-
ares over a contaminated churn: (1) it contains few organisms,
(2) the flora includes few types, and (3) the types found in
a c¢lean churn are not varticularly detrimentsl to the keeping

auality of the butter,
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D, Influence of contaminated churns on the
keeping acauality of butter

The studies on the effects of orcanisms isolated from
churns on the keeping ouality of unsalted butter revealed that,
while many organiems had little effect, others caused pro-
nounced defects. Althouzh the organisms used were commonly
representative of the flora of a churn it seemed desirable to
expand the churnine experiments to a more vractical basis and
allow the butter to be contaminated from the churn itself. Ac-
cordingly, experiments were run in which the keeping ouzlitiees
of samples of butter made in a contaminated churn were compared
with the keepinz oualities of samples of butter made in the
same churn after 1t had been carefully cleaned,

1. Methods

The general method for studyins the effect of 2 contamin-
ated churn on the keepiﬁw guality of the butter made in it was
ag ifollowsg: Counts were made on the gontaminated churn by the
rinse and arar disc methods and one-half of a batch of pasteur-
ized cream was churned. The churn was then cleaned és thorough-
ly as possible, counts were made by the rinse method and the
other half of the batch of crez2m was then churned. Counts were
made on the butter by both the plate and direct microscopic
methods and samples of the two churnings were held at various
temperatures for comparison of their keeping ocualities.

The churne used wers small experimental churns of 70 pounds



«109-
capacity. Churn C pnroved unsatisfactory for working the butter
and its use was discontinued after two trials and churn D was
uzed instead., The churns were washed carelessly in the interval
hetween triale so that they would build up a flora common to
churns receiving such treatment. The peneral method for this
careless treatment involved rinsing out the fat with warm water,
filling the churn about 1/3 full of hot water, revolvine for
about five minutes and then draining and drying. %hen the churn
was not used resularly, it waé washed carelessly after simulat-
ing churnin~ conditions by a«itating a smsll amount of butter-
milk in the churn for 2 short veriod.

In moat cases the cresm used was drasn from a vat of se-
lected cream pasteurized at 145°F, for 30 minutes for the regu-
lar plant churnine., Ceventy~five pounds of crsam wers placed
in each of two ten gallon cans which had been thoroushly steamed.
When no butter culture was to be used, the cream was drawn im-
mediately after pasteurizing and cooling and stored over night in
a cooler at about Y0OF, When butter culture was to be used
geven ver cent was mixed with the cresm; the mixture held cold
over nicht and the pvortione of cream for the experimental churn-
ings drawn in the morning,

In the trials where high rasteurization temrveratures were
used, 150 pounds of selected raw cream were pasteurized at 155°T,
for 30 minutes and cooled down to about 360F, in a swall vat,

The cream was then drawn into 10 gallon cans and placed in a
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cooler over night. In every case the firet batch of cream was
warmed to from UZY to 5297, before churninge while the second
batch was warmed to from 380 to U2°F,; a low churning temperature
was used for the second bateh in order to prevent too rapid
churning due to the warm condition of the churn.

Ten gallons of tapy water wers revolved in the churn for
10 minutes for the counts by the rinse wmethod; for the counts
on the clean churn water at about 33°F. wa= used in order to
cool the churn, If further cooling was necessary, the churn was
filled about one-half full of tap water (at about 54°F,) and re-
volved for 5 or 10 minutes.

The method for cleaning the churn z2fter churning the first
batch of cream was a2 follows: The butterfat was ringed out
with a 1ittle warm water, the churn filled one-half full of hot
water (1280°F, or over), one pound of soda ash added, and the
churn then revolved in high =ear for 15 minutes, drained =2nd
dried. fhe churn was then filled nearly full of wster at 200°F,
or more, revolved in high gear for 30 minutes and drained.

The butter wss washed thoroushly with tap water (at about
54°F.), worked into a homogeneous mass and a sample taken with
a sterile paddle and placed in a sterile pan covered with sterile
paper., After incorporating 2.5 per cent cf salt in the remain-
der of the butter, a sample of the salted product was taken and
the two samples, one salted and one unsalted, were then dlspensed

in sterile, rlass, metal cavted jars; these jars held about
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one-third of a pound each mnd wers shaved much like a bvtter tub.
A pair of the samples, one salted and one unsalted, was placed
in a butter storase room at about 320F, and anothex palr was
placed in 2 cooler at about MaoF. The latter esamples were scored
weekly and the s mples stored at 3297, were scored at irregular
intervals, Portions of the fresh butter, =salted and unsalted,
were also placed in sterile, two ounce, glags stopnered bhottles
and stored a2t room temneraturs (about TOOF.).

A sample of the cream was taken just before churning with =2
gverlile 5 ml, pipette 2nd nlaced in a sterile teat tube. This,
along with the samples of tap waler and rinse waters taken for
the counts by the rinse method, was held in ice water until
plated., These sampleg and samples of unsgalted butter from the
contaminated and clean churne were 211 plated on beef infusion
arar for the dstermination of the brotzrizl content and on acldue-
lated malt avar (pH 3.5) for the determination of the vessts and
mold content. The plates were incubated for four days at room
temperature (about YOOF.) and then counted with the aid of a
hand lens, Direct microscopic countsz, ns outlined by Hamwer and
Nelson (5), were run on the samples of fresh unecalisd butter and
arain after seven days on the samples held at room temperature.

2. Hesults

a., Counts on churns, cresm and butter

Seventeen trials were run in which a portion of a lot of

cream wae churned in a contsminated churn and another portion in
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the nome churn after it bad been cleaned thoroupghly. Table 15
ives the counts on the contaminated and on the clean churns,
With the arzar disc method the bacterial countg on the contamine
ated churas ranred from 12 102,000 per so. cm.; since many
of the counts were estimated, w0 average was comvuted., The

veast counta on the contaminated churns ranged from 0 to .8
per gso, om. and averased 1% while the mold counts ranged from
.01l to .7 per sa. om, and averagzed .17. Apar digc counts could
not be run on the clean churns because they were always too
warm and the surfaces too molst for the prepsration of satise-
factory agar discs.

With the rinse method the bacterial counts on the con-
taminated churns ranced from 21,000 to 6,500,000 per ml, and
averarad l,h96,000 whille with the clean churns theay rvanged
from 1,100 to 17,300 per ml, and averzved 4,380, The ysasi
counts on the contaminated churns ranved from O to 70 per ml,
and averaced 20 while with the clean churns they ranged {rom
0 to 23 per ml, and averanred 4.2, The mold counts on the con-
taminated churns raneed frowm 0 to 25 per ml, and averaved 5.8
while with the c¢lsan churns they ranred from O to 7 per ml.
and sverared 1.6,

The counts by the rinee method were much greater on the
contaminated churns than on the clean chuvrns, The counts on
the contaminated churns varied considerably and the microflorsa

represented a variety of types while the counts on the clean
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Table 15

Counts on contaminated and clean chirns prior

- Counts on churns byéthe
: Contaminated Chuvrne
sWater :

: Agar disc counts on :
: contaminated churns :

:Hlacterla: Yeasts: Molds from tap: Organlams per ml. ¢
: per : per 1 per :Bacterla: after exposure to
SQe CMe:SQ. CM,e:8Q, CM,::per ml, : Bacteria :ﬁYensigfj

Trial Date Churn

® selsD se se

1 12/18/31 ¢

T 32,000 .8 o7 :§ 160 2,300,000 45

2 12/21/31 G i+ 52,000 .08 32 i 433 6,000,000 3’
3 12/22/31 D §§ 593 .05 <10 §: 80 141,000 QE
4 1/12/32 D :: 121 .10 o33 §§ 72 32,000 1
5 1/19/32 D §§ 681 .23 27 §§ 33 70,000 4
6 2/2/32 D i 12 .01 .05 :i: 36 42,000 4
7 2/16/32 D §§ 40 .04 .09 :: 22 41,000 0
8 2/28/32 D :; 850 .27 17 i 10 1,830,000 10
9 B3 /1/32 D +:32,000 .39 20 i1 16 1,790,000 s&
10 3/8/32 D :: 460 .01 .06 ;; 128 21,000 f&
11 3/15/32 D ;; 75 0 03 :: 28 295,000 75
12 3/22/32 D i: 51,000 .1 .36 i: 22 240, 000 2%
15 8/s1/32 D ti 800 .16 e i 40 5,500,000 45
14 4/5/32 D i 416 .01 01 :r 21 370,000 19
15 4/12/32 D :: 26 0 .02 §: 59 177,000 13
16 4/19/32 D §§ 31 0 0L i 10 82,000 11
17 4/26/32 D :: 369 .01 .08 §§ 54 6,500,000 '8
Average .13 17 :i 72 1,496,000 20







Table 15

inated and clean churns prior to churning

if Counts on churns byfthe rinse method., Water exposed for 10 min, 33
$s Contaminated Chnrnsg BE Clean Churns g
:Water s o tiWater : HH
“s:from tap: Orgaenlsms per ;ml., of water::from tap: Organisms per ml. of water::
::Bacteria: after exposure to churn ::Bacteria: after exposure to churn ::
yiiper ml, ¢ Bacteria Ybnggs ¢t Molds ::per ml. : Bacterla i Yeasts : Nolds ::
:i 160 2,300,000 45? . e85 ‘e 168 1,750 0 7 ::
i 485 6,000,000 3 20 :: 162 2,900 0 6 ir
§: 80 141,000 géf 18 :: 72 4,950 4 4 :;
o 32,000 1 o i a3 1,960 0 o i
:2 33 70,000 4 1 ;§ 22 1,270 1 0 §§
36 42,000 4 1 i 20 1,630 2 o it
:: 22 41,000 o 1 i: 15 1,100 2 0 ::
§§ 10 1,830,000 10 1 §§ 36 2,100 3 0 :§
:; 16 1,790,000 3@ o §: 44 4,200 23 0 §:
;; 128 21,000 fﬁ 2 i 19 2,700 0 5 i
;: 28 205,000 70 4 iioan 3,150 3 1 i
;; 22 240,000 2%; v} ;; 28 6,100 9 0 ;?
:: 40 5,500,000 aéi 1 i 42 12,800 2 0
tioen 570,000 19 o i: 20 4,000 2 1 ik
s 177,000 15 12 i: 48 17,300 12 1 :;
o100 82,000 11 o i 65 5,450 6 2 ;;
i 54 6,500,000 8 1 i: 43 1,100 2 3 i
'ii 72 1,496,000 20 5.8 ii 52 4,380 4.2 1.6 :i

P ——
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churns were uniformly low and the microflora included few types,
chiefly membere of the genus Racillus,

Table 16 gives the plate counts on the cream used in each
trial and the various countsz on the samples of butter held under
diffarent conditions. The bacterial counte on fhe ersom varied
from 3,100 to 42,400,000 ner ml. and sveraged 5,333,000, the
mold counts varizd from 0 to 59 ver ml, and sverared 5.4 while
h2 veast counts varied from 0 to 10 per ml, and averaged 1.5,
Tith the plate aounts on the frash unsalted butter from the con-
taminated churns, th2 bacteris ranged From 8,000 to 1,730,000
ver ml., and averaged 319,260, the yezsts ranped from 0 to 29
per ml., =nd sversged £.2, and the molds renged from O to ! per
ml. =and rverzged 1.4, With the plste counts on the fresh un-
galted butter from the clean churne, the bacteriz ranged from
2,800 to 290,000 per ml. and averagsed 127,300, tle yeasts ranged
from 0 to 7 per ml, and averseed 1.5 and <the molds »ranged from
0 to 2 per ml, and avevaged .53,

With the vlate counts on the unsalted butter after storageal “=*”
for rnerlode varyine from 21 to 63 deys the bacteria in the
butter from the contaminated churns varied from 1,500,000 to
126,000,000 pzr ml. and averazed 47,418,000 while the bacteria
in the butter from the e¢lean churne varied from 210,000 to
274,000,000 per ml, and averaged 58,218,000,

The microscopic counts on the fresh unsalted butter from

the contaminated churne ranccd {rom 471,000 to 72,700,000 per ml.
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Counts or ¢»

Plate Counts. Organisms per ml,.

Counts on fresh unsalted bvtter from

s 86 s @6 *n o»

® o8 »» o¢

Cream T Uontaminated Churn HE Clean Churn
Trial : Bacteria :Yeasts:Molds:: Bacterla :Veasts:Nolds:: Bacteria tveagt:iMo

1 271,000 0 - 4 i+ 1,730,000 14 2 it 53,000 1

2 47,000 0 0 i+ 610,000 0 0 i+ 12,000 O

3 15,000,000 O 1 i: 800,000 10 0 i+ 890,000 O

4 42,400,000 22 4 i: 380,000 5 2 i 320,000 0

5 1,900,000 5 1 i 74,000 3 2 i1 120,000 2

6 125,000 59 4 i+ 36,000 9 5 i+ 12,000 3

7 67,500 2 o i+ 10,400 2 o i 2,900 2

8 80,000 2 1 i1 370,000 3 1 i 11,800 2

9 69,000 0 10 i: 145,000 5 0 i+ 14,400 1

11 30,200,000 0O 0 ii 360,000 11 4 i+ 680,000 %

10 152,000 1 0 i+ 57,000 & 0 i+ 14,250 2

12 40,000 1 0 i 341,000 29 0 i 8,000 1
13 204,000 0 0 :% 400,000 24 0 i 27,500 4
14 62,000 0 0 i+ 35,000 13 0 i1 5,700 0
15 3,100 0 0 :: 8,000 4 2 :: 2,600 1
16 2,700 0 0 s 22,000 8 PR 3,550 0
17 48,000 O 1 i: 49,000 1 4 i+ 15,800 0 -
Average 5,350,000 5.4  1.5:: 519,260 8.2 1.di: 127,300 1.5







Table 16

Counts or c¢ream and on various samples of butter |

-

ml. . :i' ~Miscrosce
HE tacterial counts after O gounts on fresh HE
wtter from :: cstorage at 45°F, Unsalted :¢ unsalted butter £
5 butter from 3! from -
:gn Churn HE s+ Contaminated : Clean 13 Contamlnated Clean e
Ta VeagtriiNolds: 'Days' Churn : Churn ! Churn : Churn fi T8
000 1 2 ii 65 28,500,000  13,500,00014 4,600,000 893,000 :: 2,
000 O 0 i: 60 85,000,000 so,ooo,oooii 12,400,000 9,500,000 :: 27
000 0 0 i:59 27,000,000 119,000,000% 41,600,000 46,000,000 P
,000 O 0 1: a4 1,500,000 1,500,0001 ¢ 72,700,000 60,100,000 I
000 2 0 ii37 11,300,000 2,700, ooo:: 5,900,000 4,970,000 ;E 3
,600 3 1 i 38 24,000,000 28,000, 0003: 471,000 893,000 E%
,900 2 0 i:42 10,800,000 2,000, ooo:; 524,000 453,000 %}
800 2 . 1 +:55 92,000,000 6,800, oooi? 3,700,000{ 2,200,000 E% 1
;400 1 11 Lt 46 72,000,000 70,000, 000 3 14,200,000} 9,600,000 %g 6
000 7 ' 1 iis0 98,000,000 . 210,000:i 2, ,500, oooI 1,500,000 :: 1
,250 2 0 i: 57 42,000,000 126,000, 000+ 4| 43,000,000 57,400,000 1i 7
, 000 1 0 ;; 43 34,000,000 56,000 ooofg 664;000% 197,000 ;; 8
)50 4 . 0 ::49 33,000,000 . £0,000,000:: 1q7006000§ 768,000‘?% 1
0 0 0 ii4e 20,000,000  21,000,000+5 11,600,000 12,600,000 i: 48
800 11 ;é 35 126,000,000 96,000,000?? 13,000,000 14,000,000 11 47
,550 0 . 0 't: 28 65,000,000  378,000,000% 3 1o,ooo,ooo: 5,900,000 11 37
800 0 . 2 }i21 56,000,000 15,000,000 6,600,000. 4,600,000 i s
300 1.5 .53 47,418,000 ,~18,000;: 14,421,000 12,454,000 i: 14

RS el T s e e -






" Miscroscopic Counts.

Bacterla per ml,

ints on fresh F; Counts arter storage for H
jalted butter $: seven days at 70°F. Butter from 1

from HH Contaminated iR Clean g
.nated ¢ Clean HH Churn 82 Churn :
m Churn HE] Salted Unsalted T Salted Unsalted HE
,000 893,000 :: 2,900,000 183,000,000 :: 217,000 75,000,000 o
,000 9,300,000 e 27,000,000 176,000,000 s 1,800,000 1i3,ooo,ooo 2:
,000 46,000,000 :; 12,300,000 28,000,000 i 9,200,000 48,000,000 i
,000 60,100,000 b 53,000,000 64,000,000 i 41,000,000 ,Qo,ooo,ooo e
,000 4,970,000 :; 5,400,000 28,000,000 ;5 1,900,000 19,600,000 o
,000 893,000 672,000 26,000,000 t: 1,300,000 20,000,000 e
, 000 453,000 s 249,000 28,000,000 :2 258,000 8,500,000 e
,ooog 2,200,000 g; 1,600,000 71,000,000 ;{ 1,400,000 2,000,000 ;;
,000/ 9,600,000 :: 6,500,000 91,000,000 :: 1,400,000 55,000,000 ::
,ooo§ 1,500,000 :: 1,700,000 140,000,000 :: 635,000 33,000,000 L
,ooor 37,400,000 ' 7,400,000 12,000,000 h 4,900,000 37,000,000 e
,oooé 197,000 e 8,600,000 124,000,000 i 141,000 13,000,000 i’
}OOOg 768,000\:: 1,600,000 135,000,000 :i 1,100,000 82,000,000 ::
,000 12,600,000 ;: 48,000,000‘ 93,000,000 s 16,000,000 52,000,000 e
, 000 14;000,000 e 47,000,000 278,000,000 e 56,000,000 29é,ooo,ooo i
,ooof 5,900,000 i 37,000,000  &8,000,000 ‘e 10,000,000 160,000,000 ‘e
,0000 4,600,000 P 5,600,000 70,000,000 : 6,700,000 47,000,000 ‘s
L0001 12,454,000 if 14,372,000 102,059,000 i 9,056,000 68,853,000 ;s
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and averagad 14,421,000, vhile the counts on the fresh nnsalted
butiter from the clean churas venged from 197,000 to 60,100,000
pee ml, and averaged 12,431,000, After storase for seven dave
at roon temperature {about ?OOF.), the micrnaconic counts on
the aa3lted butter from the contaminaited churng ranged froa
248 000 to 45,000,000 per ml. and averaged 14,372,000, while the
counts on the salted bulter from the 2lean churnzs ranged from
141,700 to 55,000,000 per ml, and avavaged 9,055,000, After
atarame for seven days at room tewnerature (amout YOOW.) the
wlcroacople counts on the unsaltzad butter from the contaninated
churns ranged from 12,000,000 to 278,000,000 per ml, and aver~
aged 132,059,000)wh113 the counts on the unsalted butter from
the clz2an churns ranged frow 3,500,000 to 292,000,000 per ml,
and averazed 68,853%,000,

In trials 3, 4 and 11 ripened crasm was used. In the first
11 trisls the crasm was pagsteurized at 145°F. for 70 minutes
while in the last 5 trials (triale 12 to 17 inclusive) it was
nagteurized at 155°F. for 30 mimates. Xxcluding the three
triasls in which the creawm was riuvensd, the averazs count on the
craam pasteurized at 1U59F, (8 trials) was 336,43% per wl,,while
the average count on the cream pasteurized at 155°F, (6 trials)
wae only 55,966 per ml.; it is aleo significant that the cream
vasteurized at 1UEOF, oftsen sontsined spnreciable nuwbers of
vesats and molds while the yeasts and molds were pradtically

eliminated in the cresm pasteurized at 1559F, These results
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indicate that the high vasteurization temverature was the more
efficient,

The results of the plate counts on the fresh butter show
that in only 3% trials (trisls %, 5 and 11) of the 17 were the
bacterial counts higher on the butter from the clean churns
than on the butter from the contaminated churns. In these three
cases the differences were very small and probably due to experi-
mental error; in wany of the other triasls the differcnces were
often very large. The microflora of the butter from the con-
taminated churns usually included many tyree while the microflora
of the butter from the clean churns ususlly included very few
types, chiefly vellow coccus and Bacillus types which were ap-
parently derived principally from the pasteurized cream. The aver-
age yeast and mold counts on the butter from the contaminated
churns were hipgher than those on the butter from the clean churns
although the differences were not as great as with the bacterial
counts; this indicates that the contaminated churns contributed
veasts and molds as well as bacteria to the butter made in themn.

After storase at USOF, for periods varyinz from 21 to 63
days the averape number of bacteria (plate count) in the unsalted
butter from the clean churne was somewhat higher than in the un-
salted butter from the contaminated churns but an examination of
the individual counts shows that the difference is of no signifi-
cance because in 9 of the 17 trials the counts on the butter from

the contaminated churns wers hipgher than the counts on the butter
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from the clean churns., In every trial the bacterial content of
the butter from the contaminated churne increased durins storace
at 45OF, while with the butter from the clsan churns the bacter-
ial content increased in every trial but one; it is interesting
to note that in this trial the initial count on the butter from
the c¢lean churn was higher thsn the initial count on the butter
from the contaminated churn. 9YBince ripened cream was used in
this trial, it is aprarent that the microflora of the butter from
the clean churn was made up largely of butter culture orpanisms
which gradually died off, while the microflora of the butter from
the contaminated churn included certain tyres which were able to
develop in the butter and raise the count to a very high figure.

In trial 15, in which the count on the cresm and the counts
on the fresh unsalted butter from the contaminated and clean
churns were the lowest of all the trials, the cduntg on the vari-
ous sanples of butter after storage were practically the highest
of all the triales. This indicates thu:t there were present in the
butter from both the contaminated and clean churns certain types
of organisms which were able to grow extensively in a2ll the vari-
ous samples,

The initial microscopic counts were much higher than the
initisl plate counts as would be expected in view of the fact
that pasteurized cream wase used. The zverags initial microscopic
- count on the butter from the contsminated churns was greater

than that of the butter from the clean churns, althouch the
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differsnce was not ereat. However, after holdins for seven days
at room temperature (about 70°F.) the differences in counts were
very significant, %ith the salted butter, the average micro-
scopic count on the butter from the contaminated churns was
about the same as the initisl count while the aversce count on
the butter from the c¢lean churns showed a significant decrease,

%ith the unsalied butter, the averase microscopic count
after stora-s for seven dsys at about 70°F, was much higher
than the avers=e initial microscopic count with both tho butter
from the contaminated and from the clean churna but the in-
crease in averase count was much greater wiith the butter from
the contaminated churns., These resulte indicate that the con-
ﬁaminated churns added to the butter certaln organisms whioh
were oble to develop extensively in both the salted snd unsalted
nroducts,

A comparison of the microscopic counts on the salted and
unsalted butter after storare for seven days at room tempera-
ture shows that the s8alt had a very definite restraining effect
on the orgsnisms in the butter, Since pasteurized cresm was
used, auvtolysis of some of the cells killed by the pasteurization
would tend to decrezse the microscoplic counts duiiny storars.

. Scores on butter from contaminated and clean churns

The scores on the samples of fresh butter and on the
gamples after storare under different conditions are shown in

table 17. The table includes criticisms on the unsalted butter



NOTE TO USERS

Oversize maps and charts are microfilmed in sections in the
following manner:

LEFT TO RIGHT, TOP TO BOTTOM, WITH SMALL
OVERLAPS

This reproduction is the best copy available.






-120- ,
Table
Scores on butter from cleen
: 45°F, Y ’f
: Salted butter from :§ Unsalted butter from §§ iis
:Tlcan :Contaminateds: T Contaminated 3: E
: ¢ Churn: Chnrn : Clean Churn : Churn e L
Days: Score : Score ::8core:  Criticism :8core: Criticlsm ::iDaysgt.
. | et
2 92 02 :592 sl. woody 92 woody Hon %4
16 91,5 01 5291 sl. tallowy 90  rancid ron x
38 90,5 | 90,5 ;190 0ld 88  unclean vo
' X rancid 5 ?
63 90,5 90 ::88 fruity; dirty 85  unclean £1109
ff rancid 33 L
2 11152 1
— Triéi
2 92 91,5 ioe 92 oo ﬁi
13 91,5 - 90,5 {00 sl. old, 89.5 sl. rancid :: 19 |,
35 90,5 90,5 ::BS sl. fruilty 86 unclean §: &7 ﬁ
HH cheesy HH i;
60 90 90 ::89.5 86 Hit06
; mriall
1 92.5 91.5 o1 sl. unclean 91 : 1
12 92,5 91.5 i;go sl. rancid  90.5 e 18
34 91 . 91 ::89 fruity 88,5 frulty 16
$ unclean HH
59 90 20 ;168 fruity 86.5 rancid ;1105 |
Pi128
. Toial
2 93 93 Hio5 93 e
9 92 92 190 coarse; olly 92 s




Table 17

ntter from cloen and contaminated chmrns

5207
§: ;iSalted butter from Zi Unsalted butter from
Ted 2 1TIEan  tContaminated: s T contaminated
HE :  Churn: Churn i Clean Churn : Churn
IEIEE*"?TDayskeﬁcorez: Score ::ocore:  (ritlcism socores oOriviclism
. Tri%l p 3 |
I BT 92 : 192 92
a ion ; o2 91.5 s 192 91 unclean
n tiro 1 be 91 1190 shows age 88 cheesy
agn §§1b9 ;; 20 90 ::89 atale 86 very cheesy
1152 |89 89 1188.5 sbale 87 very cheesy
Trigﬁ 2
bop ?f 02 91.5 oz 92
ancid f: 19 Lole o :100,5 91
han :: 67_{?*91.5 91.5 2291 | 88 cheesy
Y :
:1106 y : 189 stale 87 unclean
HH i very cheesy
;;129 ::88 stale . 85 unclean
: . K very cheesy
. Tﬁial 3 |
o1 02,8 91.5 1ol 91
e 2.5 91 ;o1 90
Ly 165 02 91.5 1190 s1. choesy 90 s1. cheesy
ban SRR
na ::1051 90,5 90.5 ::90  cheesy 89 cheesy
;:128; : 389 89 ;;87 cheesy 87 cheesy
Toial 4
t1o20 98 93 o3 93
s’ s Qo A Hlons 93



59 90 90 fruity 86.5 rancid £:1051 ' 9
| ::128 B
Trial
2 95 93 ::95 93 12 o
9 o2 02 ::90 coarse; olly 92 tr 45 O
25 02 91.5 1:88,5 fruity 90 t: 84 @
57  91.5 91 £188.5 89  old; unclean::il07
58 o1 90,5 ::188.5 frulty 88  cheesy ::
Y 8l. cheesy rancid H _
Trial §
2 93 92 2192.5 9% o2 oo
9 93 92.5 :190 frulty 92 i1 38 O
16 91.5 01 ::187.5 cheesy 89  sl. rancid i: 77 - &
50 91 90.5 ::87 very cheesy 88  unclean 2100 O
3 rancid HH
44 90,5 9045 2 187 87  cheesy - 11128 &
] rancid H
Trial |
2 o2 91,75 + 192 02 o2 .o
16 92 91.5 :191.5 89  unclean :1 24 0
HH rancid HH ,
10) 91 91.5 ::89 unclean 88 unclean 1t 63 O
*3 rancid I -
65 91 91 128845 sl. cheesy 86,5 cheesy t1 86 9
HE rancid :
72 90.5 90.5 ::88 cheesy 86  cheesy 1112 '8
- rancid :
Trial
2 92.5 92.5 £192.5 92.5 i 2 9
9  92.5 92.5 :192 sl. off 91.5 unclean :: 10 o
ts al, rancid ::
i dirty HH
25 91.5 91.5 ::88.5 sl. fruity - 88  unclean 1149 9
HH sl., cheesy 8l. rancid ::
51 91 o1 ::89.5 old 88  unclean s2 729
kR rancid -
58  90.5 90.5 :189 old; stale 87  unclean £1100 B8



:1051
1128

t

‘
Ay

90,5

B9

90.5
89

=0 sas 40 om

o8 as g0 e
(e
o

s}
3

cheesy

cheesy

89
87

cheesy

cheesy

Trial 4

cheesy

87

;io20 93 93 : 193 03
Lt 45 924 92.5 ::92.5 95
t: 84  01.5 91.5 ::90.5 01.
clean: 107  £9.5 89.5 ::88  old; stale 89 old
Tpiad §
s 2 03 92 ::92.5 0%
1 38 02.5 o2 ::86  cheosy a8 sl. cheesy |
- i sl, rancid
weld :: 77 91.5 91.5 ::89,5 sl, cheesy 88 sl., cheesy
. HE , H sl, rancid
1 :2100 - DO 90 1188 cheesy 88 cheesy
HH HE rancid
$:1128 89 89 ::87  rancid 87 rancid .
Triagl 6
::o2 92 91.75  ::90 92
n t1 24 0 93.5 93 ::93 92,75
a 11 63 02 02 ::91.5 sl. fruity 90 unclean
i S HH frulty
e ‘ 5 sl, rancid
$: 86 . 90 90 £:90  tallowy 88 putrid
HH HE . unclean
HH ‘ s rancid
11112 80 89 ::86  stale 86 very rancid
Trial 7
12 92.5 92.5 :192.5 92.5
n tv 10 93 93 1193 03
neld HE
n $: 49 90 92 £191.5 o1 sl. pancid
ncid ¢ HH .
n tro72 01 90 ::88  putrid 89 putrid
| ] ‘ s sl. rancid
n 11100 89 88 ::86

cheesy



HERVAY) Cuarso, Ul.l.y H
23 o2 9L.5 ::88.5  frulty 90 1: 84 0L,
37  91.5 91 :188.5 89  old; unclean::l07 09
58 91 90.5 ::188.5 frulty 88  cheesy ‘s
- i3 sl, cheesy rancid e —
Trial §
2 03 92 :192.5 93 e 2 03
9 93 92,5 : 190 frulty 92 i: 38 02
16 91.5 o1 ::87.5 cheesy 89  sl. rancid :: 77 01
30 91 90.5 ;;87 very cheesy 88 unclean ;;lOO Do
HEH rancid HH
44 90,5 9045 : 187 87  cheosy 11128 89
e rancid HE :
Trial 6
2 o2 91.75  ::92 02 iio2 .92
16 92 91.5 ::91.5 89  unclean t: 24 0 03
HES . rancid HE
50 91 91.5 1389 unclean 88 unclean . 1 63 a2
M rancid HH
65 91 91 £:88.5 sl. cheesy  86.5 cheesy $1 86 . 90
HE rancid :
72 90.5 90.5 1188 cheesy 86  cheesy 1111269
HH rancid :
Trialwz
2 92.5 92.5 ::92.5 92.5 cio2 9
9  92.5 92.5 s 102 sl. off 91.5 unclean 110 0@
- al., rancid :
HH dirty HH
23  91.5 91.5 ::88.5 sl. frulty 88  unclean i 49 92
' H sl. cheesy 8l, rancid : '
51 91 o1 ::89.5 old 88  unclean 272 01
H rancld -
58  50.5 90,5 : :89 old; stale 87  unclean 21100 89
: rancid : :




HES 1] 9 T e HE - T TY>
$: 84 . 91.5 91.5 '1:90.5 o1
Be H
ncleap::l?? 09.5 89.5 1:88 old; stale 89 old
Trial 5
s 2 93 92 ::092.5 93
11 38 02.5 92 ::86  cheesy 88 s1. cheesy
] HH sl, rancid
neid 15 77 . 01.5 91.5 ::89,5 sl. cheesy 88 sl. cheesy
: HE s sl, rancid
n ;;100 9o 90 ;;88 cheesy 80 cheesy
HE HEH rancid
:;128 89 89 1287 rancid 87 rancid
Trial 6
iro2 g2 91.75  ::92 92
n 1124 . 03.5 93 $:95 92.75
L s s '
n 1 65 92 92 $:91.,56 sgl. fruity 90 unclean
‘ HH B - fruity
HE HH sl. rancid
r t: 86 30 90 $:90 tallowy 88 putrid
L HH] -] unclean
HEH ] rancid
r 11112 86 89 ::88  stale 86 very rancid
i e e
Trial 7
12 92,5 92.5 £192.5 92.5
n ii 10 03 03 £ 103 93
wmeld s HH
an 1 49 92 92 $191.5 91 sl. rancid
ancid 3 _ HH
n :r 72 o1 90 ::88  putrid 89 putrid
i : s sl. rancid
in £1100 89 88 ::86  cheesy 8 cheesy
1 HE HE sl, rancid
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Table 17 (cont

.o
.

L 450F, ::
: Salted butter from ;; Unsal ted butter from ;: + Sal
tUlean :Contaminated:: : gontamlnated : :CTes
: Churn: Churn Clean Churn Churn ] : Ch
Days:¢ Score S5¢ore T:ocore: (riticism :ocore: Critlicism s:Days: Scc
Trial 8
2 o2 o2 $:92 92 : 2 of
9 o2 92 1202 90  unclean  :: 42  9¢
HH suggestion ::
HH of frulty::
37 91.5 91.5 $:91.5 89  fruity s 65 9
- unclean -
51 90 89.5 180  o0ldj sl. rancid 87.5 sl. bltter ::
HH frulty :
H rancid :
65 90 20 ;;89 0ld; s8l. rancid 86 cheesy ;;93 fﬂ O
o rancid - s :
Trial §
2 95 03 193 05 o2 9
23  91.5 91.5 ::87  quite cheesy 88  unclean  :: 35 .| 9
J gl. cheesy :: - .
- sl, rancid :: -
57 - 90.5 90.5 :186  sl. rancld 87  rancid : 58 9
Y very cheesy : i
51 91 90.5 :;86 very cheesy 86 cheesy ;; 86 g
i . rancid s L
Trial 1
2 03 95 ::93 0% O Y
16 92.5 92.5 £:92 91.5 sal. unclean:: 20 . ¢
25 92 92 1192 sl. old 89  rancid P BL €
30 92 92 ::90.5 81, old 86  very rancid:: 79 . ¢
44 91.5 91.5 1190 old; sl. off 87  fruity : ]
s rancid $t K
Trial |
2 93.5 93.5 : 193 03 o2
e 1 HH )
16 92.5 92.5 ::02 90 unclean s 21
o HE



Table 17 (continued)

32°F,

HE :+ Salted butter from :: Unsalted butter from
Tl HI :Clean :Contaminated:: : Contaminated
HH :  Churn: Churn ! Clean Churn : Churn
iism ::Dayss Score @ sScore s:Scores UpitlicIsm :(5core: Criticism

Trial 8

:ro2 92 92 2192 92
m ir 42 92 o2 ::02 90 frulty
ytion @@ HH
"Pultye: HH
; 21 65 © 90 90 :190 89.5 Pruity
1 HE HE sl, rancild
tter :: s
7 s ::
1 HH -
; 2193 . 90 90 : 190 old’ 87 surface taint
1 HH : HE B gl. rancid

2 . 93 03 105 93
an »
1eesy
%ncid

90,5 91.5

*» @8 e¢ ce ss se

86 40 89 0 43 83 8O %6 ws g 0O 2

1 i1 88 o1 91 :90  sl. putrid 90.5  unclean
y 2 86 : 90 90 ;;88.5 cheesy 8¢ sl. cheesy
1 : L i

Tpial 10

:: 2 . .93 93 3295 93
acleants 28  92.5 02.5 1102 91.75
1 ii'BL 0 oL.s 91.5  1:90.5 90.5
bancid:: ?9 %  91 91 §§90 stale 90 stale
rn

1+ 2 93,5 93.5  ::93 93
p ii21 . 93 92.5 1193 93
32 A . -



30 92 92 $:190.5 sl. old 86  very rancid:: 79 | 91
44 91.5 91.5 190  old; sl. off 87  frulty s
- rancid s
Triagl 11
2 93.5 93,5 £ 193 93 : 2 93
> e ! :
16 92.5 292.5 $:02 g0 unclean s 21 g2
25 91.5 o1 1189.5 sl stale 88  sl, fruity :: 44 9]
37 90,5 90,5 ::80  stale 86  fruity : 72 91
HH rancid : :
51 90.5 89.5 ::89  old; stale &  sl. rancid 1%
i very unclean::
Trial 1!
2 92.5 92.5 £192.5 92.5 o2 o
9  92.5 92.5 £102.5 80  fruity (it 14 9
16 92 92 £191.5 87  rancld i1 37 o
- fruity‘ i
51 91 90.5 1190 86  very rancid i: :
e frulty i .
65 90,5 90 :189.5 86  very rancid :i: 65 .9
T
Trial .1
2 92,5 92,5 £:92,5 92.5 : o2 g
9  92.5 92.5 £192.5 89  unclean : 30 ¢
o HH 8l, rancid : L
$s sl., cheesy : ;
23 92 91.5 1191 sl. old 86.5 frulty : 58 ¢
HH cheesy :
HH] rancld :
58 91 90,5 $:90 cld 86 cheesy :
R rancid :
Trial |
2 92,5 92.5 £192.5 92.5 : o2
16  92.5 92.5 L1902 88 frulty : 23
37 91.5 91.5 ::90.5 old 86 unclean t: 51
HH cheesy :
s rancid :
5L 91 01 £190.5 86 cheesy :
$: rancid s




nocid

se 53 o2 oo

21

stale

20 stale

Trial 11

ae o2

80 §8 93 43 8P 28 IT ce o8 e
-

% 49 ow aas 83 **

2 93,5
21 93
44  91.5
72 91

93.5
92,5
91.5
91

2190
103
193
:91.5
191

93
93
88 putrid

86 rancid
cheesy

Triael 12

acid

acld

.

oo 68 op we 0 DO 08 v e WO SC vo a3

: 85 191

2 92.5
14 93
37 91,5

92.5
93
91.5

91

&% ¢e 08 €2 U 44 o3 5 83 6

e} 0 W

-~ o N
. .
(9} ] o

O
S

69 08 80 TP e®» D S8 SO o8 D4 S0 65 & e

sl. stale

92,5
92.5
88 sl, fruity

sl. rancid
putrid-

86 rancid
cheesy

Trial 113

: 2:1?92.5 92.5 :192.5 92.5

§§ 30 r€91 91 ::92.5 20 sl. Trulty
cid o S HH 8l. putrid
esy :: -

§; 58 ¢l 91 :;91 87 cheesy

Trial 14

:Z 2  92.5 02.5 ::92.5 92,5

:i 23 o2 92 ::92 90 sl., putrid

:; 51  9l.5 91.5 : 89 surface taint

e 48 o3 18 we
.

a9 55 ST as ¢ ps 98

se as we ee »

:91.5
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Table 17 (co

. 4507, £
: Salted butter from :: Unsalted butter from ‘: 'S
1Clean :Contaminated:: Contaminated T 1T
¢ Churn: Churn HH Clean Churn Churn - H
Days: Score Score ::Score:  (riticism :Score: COriticism ::Days: 3
Triel
2 92.5 92.5 $:92.5 92.5 sro2
16 92 02 £ 191.5 88.5 sl. cheesy :: 16
30 92 02 : 201 87  unclean 1: 44
$: cheesy HH
g s P-4
44 91 01 ::90 stale 86.5 very cheesy ::
] limburger R _
Trial_
2 92.5 92.5 ::92.5 82.5 112
9  92.5 92.5 c:02 01.5 sl. fruity :: 9
30 91.5 91.5 $:88 cheesy 87 unclean it 37
H s8l. rancid H
37 91.5 o1 : 187 cheesy 86 rancid ‘2 )
Trial
2  92.5 92,5 ::92,5 92.5 s 2
o  92.5 92.5 £192,5 o1  sl. frulty :: 30
25 92 92 :101.5 20  sl. rancid  ::
30 92 92 $:01 £8.,5 sl rancid  ::
1 frulty ik

#Small amount of salt added by mistake,
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Table 17 (continued)

: 320,
om ;; ; Salted butter from ;; Unselted butter from
Inated HH tClean :Contaminated:: + Contamlnated
rn .33 t Churn: Churn i Clean Churn i Churn
Criticlam ::Dayst core @ Score t:3core: Criticlsm :Score: Criticism
Trial 15
tr 2 92,5 92,5 £:92,5 92.5
. cheesy :: 16 92,5 92,5 £192,5 92.5
clean t1 44 02 92 : 102 91.5 sl. off
\eesy S A HE
3y cheesy ;: ;;
.mburger e $:
Trlal 16
i1 2 92.5 02.5 ::92.5 92.5
L. fruity :: 9 92.5 92 £192.5 92.5
1clean 1 37 a2 92 +:92 90 sl. putrid
L. rancid HH H
ancid HH :;
Trial 17
} S i: 2. 92,5 92,5 1192.5 92,5
1. fruity :: 30 92 02 $:91 88 sl. surface
HH ' A taint
1. rancid ;; ;:
1l rancid ;; ;;
rulty it T
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but the criticiems on the unsalted butter are not included be-
cause no serious defects developed in any of the samples.
1. Butter storzd at 450F,
(a) Salted

The scorzs, on the salted butter stored at U5°F, indicate
that there was no significant differsnce in the keeﬁing quali-
ties of the putter made in clean churns and of that made in con-
taminated churns., The chanres that took place in th: salted
butter were gradual and not extensive; none of the samples show-
ed any marked defects even after extended holding., In a few
trisle the butter from the elzan churns tended to show better
keeping qualities than that from the contaminated churns but
the differences were too small to be of much significance, A
comparigson of the scores on the salted butter with those on the
unsalted butter shows that the salt had a decided restraining
action on the organisms in the butiter.

(b) Unsalted

¥ith the unsalted butter stored at U5CF, the chenges during
storave were much more rapid and more extenaive than with the
galted butter. The butter from the contaminated churns generally
deteriorated more ranidly than the butter from the clean chuins
but in the 17 triale there were 3 exceptions (trials Y4, 5 and 9),
In one of these (trial 4) a small amount of salt was added
throush error to what was intended to be the sample of unsalted

butter from the contaminated churn; the restraining action of
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this salt could easily account for the differences in scores,
In another trial (trial 5) the high count on the pasteurized
cream was provably largely responsible for the rapid deteriora-
tion of the butter from both the contaminated znd c¢lean churns.
Since the contaminated churn had a comparatively low count in
thia trial, the numbers of orvganisms added by it to the butter
would be small compared to the numbers derived from the crean.
Differences in curd content couvld 2asily account for the differ-
ences in rate of deteriorstion. No lopiczl rzason can be =ziven
for the unexpected differences in sccres in the third trisl
(trial ).

In 5 trials (%risle 1, 2, 3, 7 and 16) the unsalted butter
from clean churns showed slightly better keepin: ocuzlitles than
the butter from the contaminatad churns, while in 9 trials
(trizls 6, 8, 10, 11, 12, 13, 14, 15 and 17) the butter from the
clean churns showved distinctly sunerior keeping gualities. The
develooment of defects was penerzlly much more rapid and more
extengive in the butter from the contsminated churng than in
that from the clean churns, the differences in score often being
b or 5 points. Notable examples of large differences in scores
are found in Five trisls (triale 1C, 12, 13, 1l and 15); it is
giznificant thst Tour of these trials (trials 12, 13, 14 and 15)
were among the six trials in which o high temperature (1550F,

for 30 minutes) was used to pasteurize ths cream,
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The wmost comamon defects which developed in the unsalted
butter stored at Us°F, were rancid, cheesy, Truity sznd unclean
flavors. Rancildity was a very common defect in the butter from
contaninsted churns while when extensive delerioration took
place in the butter from clesn churns, = chesay flavor was
most common, Frulty flavors were common tc both the tutter
from clean and from contamirated churns, It is sienificsnt
that in the trisls in which the cream wae pastzurized ai a high
temperature (155°9F,) only one of the ecamples of unezlted butter
from the clezn churns (trial 16) showed any serious defect even
after extanded holdine, |

2, Butter stored at 22CF,
(a) Selted

The salted butter stored at %2°F. kept well in every trial
and in no case didieerious defect develop even after extended
holding, In many cases the butter from the clean churns scored
higher than the butter from the contaminated churns but the
differences in score were too small to be of much esipnificance,

(b) Unsalted

The unrcalted butter stored at BEOF. showed much more rapid
deterioration than the salted butters and the chances wers wmuch
LoIre extensive. Ths butter from the contaminated churns usually
showed more rapid and more extensive desterioration than did the
buster from the clean churns; in four trials (trials 11, 12, 13

and 17) the differsnces in scores were comparztively great, in



eight trials (triale 1, &, 3%, 6, &, 14, 15 snd 16) the di!

e

fer-
ences were not pgrest but very dsfinite, in three trinls (trisle
5, ( and 10) there wers practically no differsnces and in tro
trials (trials B 2nd 9) the butter from the contaminated churns
scored higher than the butter frow the clesn churas, In genersl,
the scores on the samplew of butter stored at B?OF. followed Llhe

samne trend as the gcores on the samples stored at 450?. buis the
chanpges were not as rapld nor as exbtenslive as those brought zbout
in the butter held at 4s°r,

The most common defects which developed in the unszalizd
butters stored 329F. were cheesy, rancid, putrid, surface tazint,
and stale flavors. The buitler from the contmainated churns
commonly becaue cheesy and rancid, with putrid and surface teiant
flavors not uncommoq, while when extensive deterioration occurred
in tne butter from ithe clean churns, the most common defect was

a cheesy flavor. Rancidliy wag not as common a defect Lln the

putter stored at 320F, as in the butter held at U459F,
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E. Contamination of churns from the air

In making arar disc counts on churns it was observed thet
the discs prepared from the surfaces more or less exposed to the
creamery alr showed greater numbers of yeasts and molds than
protected surfaces., 8ince an environment in which yeasts and
molds are present ordinarily also contains bacteria in larger
numbers it was thourht that ths creamery air misht be an im-
portant source of contamination of churns. ™hile the numbers
of microorganisms falling throuch the open door of 2 churn
would not be expected to seriously contaminate a churn, the
numbers carried in by the strong convection currents developed
in a churn just washed might be of significance.

In order to aoproximate the extent of air contamination of
churas, the numbers of organisms falline on a =iven area in a
given time were determined by exposing petri plates to the
creamery air and to the air within churns.

Beef infusion agsr was used for the bacterial counts and
acldulated malt agar (pH 3.5) was used for the yeast and mold
counts., The blank plates were prepared by pouriny about 10 ml,
portions of the melted media into sterile netri plates and
allowing them to solidify. Two plates, one infusion agar and one
malt agar, were exposed to the creamery air by placing them
on top of a switch box (about four feet above the floor), near

one of the churns and removino the covers. A similar set of
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plates was exposed on the roller of churn &, about half way be-
tween the middle and one of the ends and another set on the front
shelf of churn B, about half way betweesn the center =nd one of
the ends, so th2t the plates would not be directly inside the
door ovening. In every case the churng were turned so that the
dooxr was half way up on the side. The plates wers pgenerally ex-
poceed to the cresmery air for 30 minutes while inside the churns
they were eenerally exposed two hours. After exyrosure th: covers
wars raplaced and the plates incubated for four days at room
temper>ture. The results are expressed as the number of or-
ganisms falline per hour on 2 90 mm. petri plate.

A number of trials were run in which ths door opening of
one churn was covered with 2 piecs of muslin tacked on a frame
which fit into this opening while the other churn was left un-
protected. It wze presumed that covering the openine in this
way would tend to reduce the numbers of organisms gettine into
the churn by filtering out the dust particles and by eliminating
strong convection currents.

The resulte of exposing netri plates to the creamery alr
and to the air within churns are shown in table 18. In addi-
tion to the counte secured this table includes the data on the
lenzth of time that the churn had stood since washing and whether
or not the churn was protacted with a muslin door covering.
Fifty-seven bacterisl and 60 yeast and mold counts were obtained

on the plates exposed to the cresmery =ailr. The bacterial counts
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Table 18

Bacteria, yeasts and molds following

Table 18

Bacteria, yeasts and molds falling per hour on;QO mm

L]
. »

Creamery Alr

- o
.

Inside Churn A

2¢ eol o8 a2 es e»

Date Time :Bacteria;Yeasts:Molds;:Bacteria;Yeasts:Molds; Remarké :
6/26/31 10 A.M. i+ 255 6 18 1 E
9/50/351 10 AM. i 58 2 52 :: 5 2 11 stood 1 day
10/1/31 10 A.M. :: 14 1 35 §; 3 6 Stood 2 days E
10/3/51 3 Puy. it i1 9 201  Just washed
10/5/51 5 P.M. i1 142 54 528 11 o
10/8/31 7 P.M. ::“ 18 6 28 :§ 35 1 4 Just waaﬁed
10/9/31 7 PuM. :i 16 2 0 i+ 9 1 15  Just waahed
10/10/31 7 P.M. e 54 2 50 11 .27 2 62 Just washed
10/18/51 7 PuM. i1 14 2 22 11 62 6 30 Just washed
10/13/31 7 P.M. §§ 26 . 14 50 11 36 6 15  Just washed
10/14/31L 7 P.M. :: 28 2 24 i: 76 4 32  Jest washed
10/15/31 7 P.M. e 14 2 36 e 21 0 9 Just washed
10/16/31 7 P.N. 16 0 76 i: 21 2 40  Just washed
10/19/31 7 P.M. i: 30 0 32 ;5 51 2 47  Just washed
10/20/51L 7 PaM. ii 50 2 56 i: 26 1 6 Just washad
'10/21/31 7 P.M. :i 20 64 1+ 6 1 9 st washed
10/26/31 7 P.M. i1 26 © 53 i1 2v 4 31 Just washed
10/27/51 7 P.M. i+ 48 12 76 1+ 25 5 31 Just washed
10/30/31 7 P.M. i a2 5 15 i 5 1 6 Just washed
T 11/2/31 7 P.M. E% 18 2 64 §§ 39 4 13  Just washed

!
}

H

~~ - e L



Table 18
s and molds following

Table 18

4]

and molds falling per hour on;QO mm, petri plates

Inside Churn A Inslde Churn B

s sofas »e
o ssfas e
s ssfes oo

.Bacteria:Yeasts:Molds; Remarks : BacteriagYeasts:Molds: Remarks

=e 9o
.

:: 49 2 14 Stood 1 day

; S 2 11l Stood 1 dgy ;z 14 1 11 Stood 1 day
g ) 6 Stood 2 days ;: 2 1l 19 Stood 1 day
: 9 201 Just waaﬁéd :: 7 214 Just washed
: i i: 43 6 52 Just washed
: 35 1 4 Just wawﬁed :§ 11 1l 12 Just washed
P9 1 15  Jeat wadied +: 9 2 22 Stood 1 day
§ 27 2 62 Just washed :: 13 1 12 Just washed
: 62 -6 30 Jﬁst washed :: 46 5 27 Just washed
: 56 6 15  Just washed §§ 13 2 6 Stood 1 day
P e 4 52 Just washed i 18 0 . 16 Just washed
; 21 0 9 Just wanhed :: 10 2 18 Stood 1 day
;22 2 40  Just washed o ea 2 28  Stood 2 days
I 2 47  Jvst washed i 10 2 10 Stood 1 day
: 26 1 6 Just washed ;; 30 0 8 Just washed
: 6 1 9 . Jﬁst washéd :: 5 0 15 Stood 1 day
: 27 4 8l  Just washed :; 17 4 39  Just washed
: 25 5 31 Just washéd :: 10 4 29 Just washed
: 5 1l 6 Just washed §: 10 1 5 Just washed

39 4 13  Just washed :; 17 2 3 Stood 2 days

o nn [, TSP SOOI PO )

'
)
)



- 10/19/31 7 P.M. E% 30 0 32 %E 51 2 47  Just washed Ei
| 10/20/31 7 P.M. iz 50 2 58 1 26 1 6 Just washod {%
No/er/sr 7 P i 20 64 i1 6 1 9  Just washed %5
| 10/26/31 7 P.M. ii 26 2 58 :: oY 4 31 Just washed E%
10/27/31 7 P.M. :: 48 12 76 3: 25 5 31 Just washed %%
10/30/31 7 P.M, i 22 5 15 i1 5 1 6 Just washed i
11/2/31 7 P.M. :: 18 2 54 §§ 39 4 13  Just washed §§
11/3/31 7 P.M. :: 34 8 98 §§ 2 29  Just washod ;:
11/4/51 7 P.g. i+ 24 70 08 1. 1 2 34  Just washed i
11/5/31 7 P.M. :: 54 - 8 56 :: 1 5 24  Just washed ii
11/11/31 7 P.M. :: 24" 6 18 :: 1 3 4 Stood 1 day .
11/12/51 7 P.M. e 4 8 28 11 4 1 9  Just washod i
11/13/31 7 P.M. o 8 8 54 11 4 3 29 Just washed s
11/16/31 7 F.M. :: 4 4 36 i- 14 1 18 . Just washed ::
11/18/51 7 By, i1 12 2 81 3 1 6 Just washed 11
11/20/31 7 P.M. ii §§ 1 0 .8 Stood 1 iayw ii
11/23/31 7 P.M. ¥ 38 20 :: 2 5 Juet washed 1
11/30/31 7 P.H. :: 0 4 :: 1 15 Just washed ,::
12/2/31 7 P.M. :§ 19 2 10 i: 5 0 5 Stood 1 day §§
12/4/31 2 P.M. :: 30 -0 10 :: 2 0 2 Sstood 1 dﬁﬁ ::
12/%/31 2 P.M. o 24 0 18 1 15 1 8 ust washed :
12/8/31 2 P.M. §§ 11 5 13 §§ 4 1 7 Just washad ::
12/10/31 2 r.uM. ‘ 24 1 15 26 1 2 Jnat washeti :;
12/14/31 1 P.u, i 34 2 8 Tust washed :z
12/15/51 2 P.u. ii 22 O 6 :: 2 1 6 Just washods i
12/17/31 3 P.M, .° 460 o 3 12 ' is 1 2 Just washt.’:d;* '=
\/7/32 3 P.M. ii 579 0 2 i 3 0 0  Just washod '
1/9/32 1 P.M. :: 410 1 2 :2 | ::
1/11/32 3 P.M. :§ 265 2 4 :i 95 1 5 Just washed 22
1/13/32 2 P.M. :: 52 8 6 ii ::
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Just waahéﬂ
mwtwmnﬁd
Jﬁst wasﬁed
Just washed
Just washéd

Just washed

Just washed
Just washed
Just washecd
Just washed:
Stood 1 day
Just washoa‘
Just washed
Just washed
Just washed
Stood 1 iay
Just washed
Just washed
Stood 1 day
Stood 1 d§§
Just washe@
Just washe@

Just washed

" Just washed

Just washod

s
3

N

Just washoad*

Just washod%

Just washed
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Stood 1 day
Just washed
Stood 1 day
Just washed
Just washed

Just washed

Stood 2 days
Just washed

Stood 2 days

Just washed
Just washed
Just washed
Stood 2 days
Stood 1 day
Stood 1 day
3tood 2 days
Just washed
Just washed
Stood 1 day
Just washed
Stood 1 day
Stood 1 day

Stood 1 days
Stood 2 days*
Stood 1 days*

Just washed

Stood 2 days*
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Table 18 (continued)

o

:: Creamery Alr ii Inside Churn 4

Date Time giBacteria;Yeasts§Molds i:Bacteria:Yeasts:Moldsi Remart:s
1/15/32 P.M. ;; 274 1 : 0 4 Just washed
1/21/52 P.M. 1 103 1 10 0 6 Just wasled
1/27/32 .M. :; :: 0 0 Just washec
1/28/32 LM, ;2 465 34 . 0 1 Just washec
2/1/32 P.M. . 112 1 9 : 0 8 Just wass‘:%e;c'
2/3/32 P.M. :: 110 3 5 :i )
2/6/32 P.M. ;: 264 1 6 §§ 0 2  Just washed
2/15/32 M. i1 443 5 2 i 1 2 Stood 2 Qe
2/18/32 P.M. i: 188 2 a4 i 0O 3 Stood 1 den
2/24/32 P.M. §§ 271 28 3 :: 0 1 Just washéc
2/26/32 P.NM. QE 195 18 5 i: 2 5 Just washec
2/0v/32 P.M. :g 541 4 :: 427 1 8 Just wast ¢
3/3/32 P.M. 1+ 259 2 i 86 0 2 ‘Stood 1 de
3/7/32 .M. i+ 859 10 :
3/11/32 P.M. ;i 428 20 :Z
3/14/52 P.M. :: 200 1 e 0 0 Just wasFec
5/18/52 P.M. ii 608 5 i 65 1 5 Just washe
3/24/32 P.M. ii 343 26 ii
3/28/32 P.M. :i 478 13 ii 234 1 2 Just waslo
4/1/32 P.M. :: 754 4 ;§ 0 5 Just wasle
4/4/32 P.M. :: 67 0 :Z
a/8/52 P M. %; 29 1 1 Just washe

Average 1 169 7.9 a1 1.6 15

#Door covered with muslin,
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Table 18 (continued)

Inside Churn A

Inside Churn B

8 SBjee ase

o - "

Bacteria:veasts:Molds:

Remarl:s

Bacteria:Yeasts:Molds;

Remarks

: 0 4  Just washed EE 1 1 0 Strod 1 day
P 10 0 6 Just wasked :: 93 1 5  Stood 1 day
P oee 0 0 Just washed

o1 0 1 Just washeds :i 88 20 6  Stood 1 day
; 73 0 6 Just washed ;; 3 0 1 Just washeds
: | s 2 0 3  stood 2 daya
P 33 0 2  Just washed:

: 83 1l 2 Stood 2 ﬁays :2 6 6] 1 Stood 2 days:t
I 0 3  Stood 1 day :: 22 0 1 Just washed
: 5 0 1 Just washed §:

: 45 2 5 Just wastied :: 13 0 2 Just washed
: 427 1 8 Just wast ed i: 6 0] 2 Just washeds#
S 0 2 Stood 1 dey +f 153 1 4  Juat washed
i ;2 144 2 5 Just washed
i i: 83 1 6 Just washed
: 112 0 0 Just wasted ;; 6 0 0 Just washed*
: 63 1l 3 Just washted ::

: :: 24 1 4 Just washed
: 234 1 2 Just waé?od §: 217 1 6 Just washed
: 0 ) Just wasl:ed §: 226 2 7 Stood 1 day
: :: 14 0 1 Stood 2 days
i 29 1 1 Just washeds :: 292 0 5 Just washed
: a1 1.6 15 11 39 1.8 13
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ranged from 4 to 754 and averaged 169, the yeast counts ranged
from 0 to 70 and averared 7.9 and the mold counts ranged from
2 to 328 and averaged 29,

Forty-nine bacterial and 56 yeast and mold counte were
obtained on the platees exposed inside churn A, The bacterial
counts ranged from 1 to 427 and averaged W1l the yeast counts
ranged from 0 to 9 and averared 1.6 and the mold counts ranged
from 0 to 201 and averaged 15,

Fifty~five’baoter1al and 58 yeast and mold counts were
obtained on churn B, The bacterial counts varied from 1 to
292 and averaped 39, the yeaét oéunts varied from O to 29 and
aversged 1.8 and the mold counts varied from O to 214 and aver-
aged 13,

The organisme falling ﬁer hour per plate inside churns
protected with a muslin door covering are shown in table 19,

In the seven trials reported with churn A the bacterial counts
ranged 2 to 33 and averaged 17, énd the molde ranged from O to

6 and averared 2.2, No yeasts were detected on the plates in
four of tine trials and in the other three trials there was

only one colony per plate. The churn had just bsen washed be-
fore each trial, 1In 10 trials with churn B the bacterial counts
ranged from 2 to 13 and averaged 5.3 while the mold ocounts
ranged from O to 3 and averared 1.3. No yeast.colonles were de-
tected on any of the plates in the 10 triale. 1In four of the
trlals the churn had justbeen washed and in the other six it
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Table 19

Bacteria, yeasts and molds falling prer hour on
90 mm. petri plates exposed inside protected churns.

A G Owmb
Date ;Bacteria;Yeasts;Holds; Remarks g% Date ;Bacteria;Yeastsgxolds; Remarks
12/15/31 2 1 6 Just washed ::i12/15/31 2 0 1  Stood 1 day
12/17/31 1L 1 2 Just wached 2512/17/31 & 0 1  Stood 2 days
1/7/32 3 0 0 Just washed 551/7/32 n 0 0 Stosd 1 day
1/28/32 14 0 1 Just washed 551/13/32 3 0 2 Stood 2 davs
2/6/32 33 0 2 Just washed 552/1/32 3 0 1 Just washed
/2l /32 5 0 1  Just washed 252/3/32 5 0 3 Stood 2 days
h/g/32 29 1 1  Just washed §§2/15/32 6 0 1 Stood 2 days
552/26/32 13 0 2 Just washed
252/29/32 3 0 2 Just washed
%%3/1&/32 6 0 0 Just washed
Average 17 .5 2.2 : He3 0 1.3
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had stood for one or two days after washing.

The results show that large numbers of organiems are de-
posited upon plates exposed to the creamery alr and to the air
inside churus, On the plates exposed to the creamery air the
average number of bacteria falling was over five times as large
a8 the number of molds and over 21 times as}iarge ag the number
of yeasts., This same general relationship between the numbers
of the varlous groups of organisms occurred with the plates ex-~
poeed ineide the churns,

The counts on the plates exposed to the cresmery air were
conslderably greater thah, and roughly proportional to, the
counte on the plates exposed inside the churns} the bvacterial
and yeast counts of the former averaged over four times as high
as the counts of the latter, and the mold counts averaged sbout
twice a8 high, It ia apparent from the data that there were
many more organisms deposited on the plates iﬁ 8 freshly washed
ohurn than on the plates exposed in churns which had stood for
5 day or more after washing} the strong convectlion currents
set up in the warm churns was most likely responsible for this
difference.

A comparison of tables 18 z2nd 19 shows that the nuwbers of
organisma falling on plates exposed inside churne protected with
muglin door coverings were less than the numbers falling on
plates expoged inside unprotected churns; elimination 6f strong

convection currents by the door covering was probably largely
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responeible for the differcnce in counts.

The mold counts on the plates exposed to the creamery air,
and also on the plates exposed iuside the churns, wers very high
during the first two monthe of the investigation (September and
October) but they were appreociably lower during the following
months, while the bacterial counts seemed to be highest during
the latter monthe of the investigstion (February, Merch and
April).

The counts inside the churns were obtained by exposing
the plates in more or less protected placed and, conseguently,
are probably much lower than they would have been if the plates
had been exposed directly ineside the door openings, It is ob-
vious that 1f the churns were turned so that the door openings
would be up instead of on the slde more organisms would fall

into them,
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GONCLUSIONS

1. Studies oarried out on 27 churns in 24‘Iowa creamerics
showed that the sanitary condition of the churns varied greatly
and that few of them were in a satisfactory sanitary condition.

2. The microflora of the churns with low bacterial counts
usually included few types, chiefly members of the genuas
Baclllus, while the microflora of the churns wlth high bacterial
counts generally included many types, chiefly mlcrococci.

3. The yeast and mold counts on the churns werz much lower
than the baoterial sounts and were roughly proportional to them.

. The genersl sanitary condition of a plant was usually
a better index to the clesnliness of the churn than the churn
washing procedure reported by the plant manager.

5. Uniformly low counts were secured on churns treated with
the normal procedure used in the Towae State Collepe creamery.
This oonsiets of rinsing out the fat, filling the churn one-
third to one-half full of water at 130°F, or hisher, addiné wash-
ing powder, revolving for about 15 minutes and draining. The
~churn is then fillled one-half full of water at about 200°F, and
revolved for about 20 minutes, drained and dried.

6. The microflora of the churns washed with the normal pro-
cedure included very few types, chiefly members of the genus
Bacillus,

7. The yeast and mold counts on churns just washed with the

normal procedure were very low; the counts were commonly higcher



«13%-
on churns that had gtood for = day or two after waehing,

8. The use of solutlons of sodium hypochlorlite, chlorinated
lime or calciwm hypochlorite on churng washed with the normal
procedure resulted in slgznlficant reductlons in the numwbers of
organismg in the churns.

9. The baoterial counts on the churns treated with tha
chlorine solutlons were all vexry low and the variatlions very
small,

10, ¥ith the chlorine treatments of churng washed with the
normal procedure there was o closer correlation hetween the
ocounts before andxafter breatment than there was botween the
concentration of available chlorine, the temperature, or the
period of exposure and the count after treatment.

11. The decreases in available chlorine in the solutions
during exposure to the churns were generally greatest with high
temperatures or long perlods of exposure,

12, Therz was apnarently no differénce in the efficlencles
of sodium hyvpochlorite, chlorinated lime and calcium hypochlorite
in the tresatment of churns washed with the normal procedure.

13. The use of a saturated sodium chloride solution on a
churn washed with the normal procedure did not sipgnificantly
reduce the numbers of organisms contalned in the churn} thers
wogs evidence of certain salt tolerant types being carried into

the churn by the sodium chloride solutions.
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14, The treatment of highly con*taminated churne with
sodium hypochlorite solutions effected sipgnificant reductions
in the numberas of ormanisms in the churns.

15, In general, hizh councentrations of avnilable chlorine,
high temperatures and lone periods of exposure resulted in the
greatest efficiencles in treating hizshly contaminated shurns
with sodium hynochlorite solutions.

16, The temperatures of the chlorine solutions were ap-
parently a more imoortont factor in determining the efficlencies
than were the availsble chlorine concentrations or periods of
gxnonure,

17. The microflora of hiphly contaminzted churns before
treatment with chlorine golutions penerally included many types
of microorranisme, while after treatment it usually included
few types, chiefly members of the wrenus Bacillus.

18. The chlorine solutions after exposure to contaminated
ochurns never contsined yeasts or molds while the water used to
rinse the churn after the chlorine treatment often showed sipg-
nificent numbers of these organisme; this sugpests the presence
in the churne of certain infectidn foel which do not have suffi-
clent contact with the sterilizing medium,

19, On a highly conteminated churn a commercisl chloramine
preperation wae not as efficleny espeoclally in the deetruction

of yeszste and molds, as was sodium hypochlorite,
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20, The solutlons of the chlorsuina preparation were most
effective at high temperitures,

21, The loss of availuble chlorine during exposure was much
legs with the golutions of the chloramine preparation than with
the bhypochlorite solutions,

22, The treatment of chumns wilth hot water was effective
in reducing the numbers of organisms in them to very low figures
when 4he tewperature of the water was 180°F, or higher and the
period of cxposure 390 minutes ox lonzex, but spore fomming
bacteria were able to survive.

23. In the trentment of highly oontuminatzd churns wita
hot water, various microorganisus, including yeasts and molds,
survived when the periods of exposure wers shorty this suggests
that they were narvored in more or less protected nlaces to
which the heat did not penetrate sufficiently.

2l. The 61 pure cultures of organisms lsolated from churns,
and uvead to inoculate cream just before churning, all caused
gome change in unsalted butter stored at 39°F, although with
many ths changas were not great,

25, In general, crganisms from clesn churns {genus Bacillus
types) wers apparently not as detrimental to the keeping quality
of butter ar some of the types commonly found iun hlghly con-
taminated churns.

26, In general, mixed cultures of ovuaniems, isolated from

churns brought about morz rapid aznd extensive changes in butter
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than did the pure culturae.

27. The frash butter churned in conteminated churne hed 2
coneiderably higher averspe plate count and e significantly high-
er microscopic¢ count than the butter churned in the eame churn
after cleaning,

28, The unsalted butter from the ecl2an churne usuvelly
hed 2 lower ylete count after aetorege at U5OF, for from 21 to
62 days thsn did the butter from the contaminated churns,

29, After storase for eeven daya st room tempersture (about
700F,) the =versce minroscopic counte on the salted =ond unsalted
butter from the contaminated churne were hicher than those on
the butter from the clesn chumne,

30. There was no sionificent differences either at 32°F, or
at USOF, 4v the keeping cuslities of salted butter from eleen
end from contaminated churne,

31. The unsalted butter deterlorated much more reapidly
than the eslted butter, both st 32°F, and at U50F,, and the de-
terioration wae more rapld at the higher then at the lower
temperature,

22, Unsalted butter from the contaminated churne deterior-
ated much wore rapidly snd more extensively than that from the
clean churns, both at 32°F, snd at 45°F,

7%, Ranoidity was the most common defect pro@uoed in butter
from contaminated churne and cheesiness was the moet common de~

fect in butter from the clean churns,
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34, The creamery alr may be a source of contamination of
churns because 1t was shown that considerable numbers of organ-
lsms fell upon petri plates exposed to it and to the alr within
churns; the numbers of bacteria which fell on the plates were
far greater than the numbers of yeasts and molds.

35. Covering the door openings of churns with muslin marked-

ly decreased the numbers of organisms falling into the churns.
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INTRODUCTION

The problem of feed utilization has come to the forefront in recent
years in connection with the increased emphesis on soil conservation and
the recognition that grasses and legumes play an important part in farm
oropping systems as one means of conserving soil. Grasses and legumes in
& cropping system may contribute to farm income by increasing or main~
taining the yields of other crops through their beneficial effects on
soil productivity end, more directly, by providing a product which can be
used in livestock production. Thus the profitability of increasing
forage acreage is dependent partially on its conservation value but to a
large extent on its value in livestock feeding,

The United States Conservation Service has from its birth encouraged
a shift in orop acreapge from grain to forage orops. Other public agencies,
numerous private organizations and individual conservation enthusiasta have
in the past decade been pleading for increased attention to soil conser=
vation, and especially through shifting land now in grain crops to hay
and pasture production. WMore recently the United States Department of
Agriculture and The Association of Lend Grant Colleges have drawn up a
joint resolution calling for increased efforts in promoting "grasslend
farming" (50).

These recommendations for increased forage imply the assumptions
that a shift to more grass and legume acreage will be (a) profiteble for
the individuel farmer and (b) beneficiml to society. These assumptions

are not arrived at altogether intuitively. Numerous testimonials and



many rotation experiments support the view that increased forape pro=
duction is profitable. That more forage in the rotation would retard the
rate of soil loss and thus leave Soclety less impoverished with respect
to s0il resources in the future has bYeen adequately demonstrated for most
soil situations. Yet, there is not adequate evidence that individual
farmers will profit from increased forage acreasge. Nor can we say
definitely thet society is wade better off by substituting forage for
grain production.

The assumption that society stands to benefit from an increase in
forare acreare sesms to rest largely on the proposition that society
looks favorably on any secrifice of ourrent consumption which contributes
to the amount of goods available for posterity. Such an assumption is
not entirely unrealistie; we do through state and federal legislation
express & high regard for providing for fubure generations. On the
other hand, the individuals who make up society also express their
preferences through the market mechanism. In a society such as ours,
vhere free consumer choice is permitted, prices are normally fres to
roeflect the apggregative preferences of society. If the market is taken
a8 an expression of society's interest in future vs. ourrent agricultural
production there is some doubt that a shift to forage orops is beneficial
to society. Thus society hes at least two ways of indicating its desires
with regard to inter-temporal substitution of apricultural production,
and these two indices may be ocontradictory. The exact nature of society's

indifference map for consumption in different time periods defies



measurement®, But to say that society is made better off by postponement
of consumption of agricultural resources implies considerable knowledge
about such an indifference map., If only a relatively short period of
time is taken into account, however, prices established in the market
mey be teken as Society's criterion for allocating resources betwsen
s0il conserving and soil depleting agricultural products. If so, it can
be sajid that in a competitive economy the optimum position for an
individuvel farmer is consistent with oclety's optimum position,

The assumption that it is profitable for farmers to increase forage
screage may have the following bases:

(a) The present average ratio of forapge acreage to grain crops is
low; when the ratio of forage to grain in a cropping system is low the
response of yields to amall inoreases in the ratio is génerally large
and, with so low a ratio, forage and grain production may even be com-
plementary -~ i.e. an increase in the proportion of forage in the rotation
may increase total grain output. Recormmendations %o increase forage
aoreage may then be rationalized on the basis that compliance would bring
the appgregate ratio of forage to grain acreage nearer the level at which
the value of added returns from forage just offsets the loss in returns
from grain. One fallacy of the argument is that soms individuvals may
already be operating beyond this level of forage intensity; compliance by
them may place them in a position even farther from equilibrium,

(b) Total production of feed units is increased as forage is

&For a discussion of inter~temporal welfare oriterie see Heady (17,
pes 399).



substituted for grain in the rotation and therefore the quantity of
livestock product which can be produced from e given land area is in-
creaged by a shift to forage. This argument fails to take into account
the differences in bulkiness and other features of feeds which cause
them to substitute at diminishing rather than fixed rates in livestock
production. Further, it does not take into account the inability of
individual farmers to reorganize their resources to market a new combin-
ation of feeds. Grain orops may be s0ld directly, but forage orops must
ordinarily be processed through livestoock in order to provide a return.
Inability to handle additional livestock (due to capital or labor
limitations, for example) may preclude obtaining any returns from the
feeds.

(c) stetic analyses of costs and returns may indicate that many
famers can increase their forage scoreapge profitably. These analyses
fail to take into acocount the effect of %time in the production process.
Livestock production processes take considerable time; consequently, the
prices, costs and other factors which determine the net returns cannot
be known with certainty at the time many of the decisions affecting pro=
duction are mede. The optimum position indicated by the static analysis
mey be entirely inappropriate for the situation involving uncertainty.

Despite the efforts being made in urging farmers to dsvote more of
their land to forage production the psroentage of land in pgrasses and
legumes has actually declined in some of the major farm areas, In Iowa,
for example, the percentare of all land in farms used for hay and pasture

production averaged about forty per cent over the period 1930 to 1939.



The percentage increased to about forty-five per cent in 1940 under the
impetus of the Soil Conservation payments. Since then it has declined
until in 1950 only thirty-eight per cent of all farm land was used for
hay and pasture producstion, The failure of farmers to accept recommen=-
dations for inoreasing forape production is not due to a failure to
recognize the importence of forage crops in building and maintaining soil
productivity., These benefits are generally conceded. But the profit-
ability of increasing forage aocreage may also depend on making efficient
use of the added forage. The problem of forage utilization thus becomes
an important obstacle to the inorease of forage acreage on many farms (9,
ppe 109-110),

A tremendous amount of research funds and scientific effort has been
directed toward research in livestock feeding problems since the estab-
lishment of the land grant colleges and agricultural experiment stations.
That this research has contributed greatly to more efficient livestock
production is not questioned; but, in spite of the great amount of infore
mation concerning animal feeding now assembled, there still remains con-
siderable doubt, confusion, and conflicting advice with respsoct to the
profitabilibty of alternative ways of utilizing feeds in livestock pro=
duction,

Unambiguous recommendations concerning the profitability of increased
forage production requires an understanding of the technical relationships
between orops in crop production and between these orops as feeds in

~livestoock production. In addition, insight is needed into the economioe

forcas affecting returns from alternative feed combinations, the risk and



uncertainty surrounding alternative decisions and the effect of farmers

attitudes toward uncertainty,



STATEMENT OF THE PROBLEM AND OBJECTIVES OF THE STUDY

Nature of the Problem

The discussion of the preceding section poses the problem of how
much forage to produce. More specifically, answers are sought to the
following questions: (&) What is the optimum forage ecreage for an
individual farmer to produce? (b) What is the optimum forage acreage
from the standpoint of society? In this analysis an attempt is made to
determine the optimum position for the individual farmer. This may or
may not be the optimum forage output for society. As pointed out earlier,
soclety may express its desires regarding the amount of forage or other
product to be produced through the prices it esteblishes in a free market
or through legislation., Farmers in pursuing their own self interests are
guided by relative prices provided by consumers in the market. Allocation
of resources by farmers in accordance with this joint expression of in-
dividual consumers may often be inconsistent with the longer term aims and
objectives of society as expressed through various federal, state and
loocal regulations, penalties and subsidies, However, to the extent that
market price relationships truly reflect society's preferences regarding
resource use, efficient allocation of resources within the individual

farm firm is consistent with the goals of society.

Interrelated aspects of this problem

The most profitable forage acreage for any individual farmer is



dependent on (a) the relationship of forape to grain in crop production
and (b) the relationship between forape and grain in livestock feeding.
The optimum forage acreame for any farmer can be determined only as
these two relationships are integrated.

A recent study by Heady and Jensen (15) draws on considerable exe
perimental work on crop rotetions to demonstrate the nature of the re-
lationship between foragme and grain in orop rotations. It shows that
forage and grain in a rotation may be competitive or they may be com=.
plementary. The two are competitive whenever an increase in the pro-
duction of one necessitates a reduction in the output of the other. They
are complementary when an increase in the production of one is accompanied
by an increase in the output of the other crop. On meny soils a comple-
mentary reletionship between forage and grain exists for the preéent
levels of forage production. As more and more acreage is withdrawn from
grain production and put into forage production the response in grain
yields becomes less and less (forage substitutes for grain et an in-
oreasing rate) until the end of the complementary relationship is reached
-~ grain output becomss a maximum. Beyond this point any inerease in
forage acreage Tust come at the expense of a diminution of grain output --
forage becomes competitive with grain. Obviously, the gross returns from
crops would always be increased by increasing forage acreage to the limit
of the complementary relationship, even if none of the forage was sold or
utilized. As long as the cost per acre of producing forage did not ex-
osed the per acre cost of producing grain net income would also be in=

creesed. (According to estimates made by Heady and Jensen (lﬁaﬂp’ 444)

Lo,
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the production costs are no greater for forage than for grain. Since
harvesting costs would be saved, the total cost involved in obtaining the
maximum grain output would be less than for a smaller grain output ob-
tained if more acres are devoted to grain production. The full response
in yields to increased forage in the rotation is realized only over a
number of years, of course. But for the individual who remains on a farm
for a sufficient length of time that the rotation can be reflected in the
yields, net income is increased by expanding forage production to the end
of the complementary relationship -~ the point where total pgrain output
is a maximum.'sﬁ

The profitability of increasing forage acreage beyond the limit of
the complementaery relationship with grain depends upon the value of
additional forage produced. Gross returns will be increased by any in-
crease in forapge acreage as long as the value of the forage added is
worth more than the grain output sacrificed. Since forage is used almost
exclusively for livestock feed, its value is determined by its productivity
in terms of livestock and livestock products. Only as the forage has a
value as a livestock feed is it profitable for a farmer to expand forage
production (except in the special case where a ready cash market for
forage exists) beyond the limit of the complementary relationship with
grain. The extent to which it pays to expand forage acreage beyond that
point depends on the rate at which forapge repleces grain production in
the crop rotation and the rate at which forage repleces grain in the
livestook ration. Thus the optimum forage acreage for an individual

farmer cannot be determined independently of his ability to utilize the
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forage in livestock production,

Scope and Objectives of the Study

The relationship of forage to grain in crop production has been
dealt with in considerable detail in other recent studies (15) and will
not be considered further here. The focus of this investigation will be
the problems of forage utilization in livestock feeding. The specific
objectives of the study are:

(a) To indicate some of the alternative possibilities for ine
oreasing forage consumption by livestock

(b) To evaluate alternative feed utilization systems with respect
to potential returns and variability of returns.

(¢) To supggest criterie for determining the optimum forage=-grain
feed combinations in feeding livestock for individual farmers in different
situations with special emphasis on the basis for selection in a setting

of uncertainty of expectations.

Applications to be Made of Results

Attainment of the above objectives will provide a basis for recom=-
mendetions regarding efficient utilization of feeds. Used in conjunction
with information regarding forage=-grain relationships in crop production
intelligent recommendations can be made regarding the extent to which it
pays farmers in particular situations to increase forapge acreage. The

analysis of the effeot of uncertainty of expectations on production
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plans should throw some light on the effectiveness of market prices in
allocating resources for the most efficient production of livestock
products.

The results of the study should be of particular value in formu-
lating public poliocy with respect to soil conservation and priecing of
agricultural products. Only es the level of conservation which is profit-
able and feasible for the individual farmer 1s determined can the need
for public assistance in order to attain desired conservation goals be
determined. Also, the offect of uncertainty of expectations on pro-
duction plans indicates the cost of market instability in terms of less
then optimum production plans being followed by farmers. The differ-
ences among individuaels in their attitudes toward uncertainty and the
subjective nature of uncertainty itself makes the analysis of uncertainty
difficult and inconclusive. But if some knowledge is gained of the de=-
gree of uncertainty associated with alternative production plans and of
the response of individuals in different circumstances to different de-
grees of uncertainty such information would be extremely useful in working
out any program involving price ceilings or minimum prices for farm

productse.
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THEORETICAL AMNALYSIS

In the search for solutions to the problems posed in the preceding
section a few technical reletionships and generally accepted economioc
principles provide useful models. In this section these fundamental
conocepts are applied to obtain a theoretical solution to the problem of
feed utilization.

The primary function of the theoretical analysis is to give direc~
tion to the empirical investipgation of the problem to be analyzed. The
theoretical models facilitate the empirical investipation by organizing
and classifying the relevant data, indicating the types of data needed
and their form, specifying the apnropriate statistical techniques and
tests to be employed and sebting forth the eriteria for determining the

optimum position of individual producers.

The Firm in a Static Setting

Production is a dynamic process. Plans must be laid, investments
made and costs incurred well in advance of any returns. Throughout the
production period prices and cost change, and in ways which cennot be
predicted accurately at the outset. It is therefore unrealistic to
propose production plans to maximize net income which are based on
perfect knowledge of production functions, costs and price relationships.
Nevertheless, such assumptions are useful as a starting point. Economic

concepts of the firm in e "timeless" situation provide a useful set of
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analytical tools. The analysis can be extended later to take account of
the complexities encountered in actual farm operation,

Any livestock producer has four types of decisions to make. He must
decide: (a) what product or combination of products to produce, (b) the
scale of operations, (o) the level of production per unit of livestock
and (d) the combination of resources to use in producing that quantity of
the selected product. In a static setting, with prices, costs and pro~
duotion responses known with certeinty, the following equilibrium con-
ditions (19, pp. 78-88) must be met if the firm is to meximize its net
returns:

(a) The marginal rate of substitution between any two products is
equal to the inverse ratio of their price ratios. .

(b) The marginal rate of transformation of any factor into any
product equals the ratio of their prices.

(o) The marginal rate of substitution between any two factors
equals their inverse price ratios,

Also, in order for these points to be optimum, the following
stability conditions corresponding to each of the above equilibrium
conditions must be satisfied:

(a) The marginal rate of substitution between alternative products

is inoreasing,

(b) The marginal rate of transformation of each factor into any
product is decreasing.
(¢) The marginal rate of substitubion between factors is decreasing.

If these equilibrium and stability oconditions hold no possibility
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exists for improving the firm's position in rospect to net income.

Combination of enterprises

Normmally a livestock producer has an opporbtunity to produce several
different kinds of livestock or combinations of livestock, Feed and
labor may be used effectively with deiry cows, hogs, feeder cattle,
sheep or other kinds of livestock. Similarly , more specialized resources
such as buildings and equipment may often be uwased for any of several
different kinds of livestock production., The optimum combination of

/enterprises is attained when the marginal rates of sulbstitution between
any two products is equal to the inverse ratio of their prices. Normally
enterprise relationships are such that some combination of livestock
enterprises satisfies this condition; however, in simplifying the
following analysis, it is essumed (except as otherwise noted) that a

sinple livestock product is being produced.

Scale of operation

The question arises as to how many units of livestock to produce ==
that is, what scale of llvestock operations to achleve. Not a great deal
is known about the economies of scale in livestock production. While
there are logical reasons for expecting constant returns to scale, farmers
are seldom in a position to expend all services proportionately., Land
area, management and often capital are limited resources which cannot be

expanded at the will of the entreprensur. Thus the problem of scale as
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ordinarily considered is more nearly one of veriable proportions and the
principles determining the optimum level of production per unit of

livestock apply as well in defining the optimum size of an enterprise.

Level of production

Given e single livestock product to be produced the question arises
as to what level of output per unit of livestock is most profitable. The
relationships relevant to the problem are: (a) the technical relation-
ship of resource inputs to production response, and (b) the price of the
product relative to the price of the productive factors. These relation=
ships can be expressed in terms of cost and revenue ocurves as in Figure 1.
Normally the nature of the production relationship is such that diminish-
ing marginel productivity causes each additional unit of output to re-
gquire a greater resource input than the preceding one. Thus es output
is increased beyond some point (0OA in Figure 1) total costs increase at
an increasing rate. Eventually & limit is reached beyond which pro-
duotion cannot he inoreassed regardless of the quantity of resources
applied and the total cost curve becomes vertical (at output 0C).

Assuming a purely competitive market for the product, total revenue
is a linear function of the output and price of the product (Curve R).
The optimum level of output is OB. At this output the net income is cd,
a maximume. This corresponds to the condition that the marginal rate of
transformation of any factor inbto a product is equal to their price
ratios. It 1is apparent that ahy inorease in the price of the product

will increase the slope of the total revenue curve, pushing the optimum
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level of production (the point at which cd is a maximum) to the right.
A reduction in the cost of the factors of production would lower the
slope of the total cost curve and have a similar effect on the optimum

level of production,

Substitution between factors

Ordinarily several alfernative production plans will yield the same
output. In Figure 1 a single total cost curve was considered. Actually
s farmer may choose one from among many possible cost functions. Total
cost is a function of labor, equipment, management, protein, grain,
forage, the price of each factor, and perhaps other less important
variables. These inputs need not be combined in fixed proportions. On
the contrary, for most kinds of livestock considerabls substitution be-
tween factors is possible. Equipment may be substituted for labor. A
particular output can be achieved with any of several feed combinations.
The extent to which it is profitable to substitute one factor for
another depends on (a) the relative prices of the various factors and
(b) the marpinal rates of substitution between these factors in producing

& given product.

Marginal rates of substitution. This study is concerned with ths

extent to which it is economical to substitute forapge for grain in a
livestock ration, Thus the important relationships which need to be
established empirically are the marginal rates of substitution of forapge

for grain in livestook production and the ratio of the price of grain to
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the price of forage. With given technical conditions of produetion the
output of a Product Y depends on tﬁe emounts of the variable factors X,
Xp9, ~--= X, useds The production function can be expressed as

y o= f(xl, Xp, ==== xn), where y is the output of prqduct forthcoming from
quantities xl,.xz, ===~ x, of the productive factors. Letting Y represent
8 particular kind of livestock product and letting X4 and X, represent
forage and grain respectively, the production function for livestock pro=
duction may be expressed as y = f (x;, xp), where other factors are
assumed fixed or unimportant, In the present analysis continuous
divisibility of factors and continuous variability of the production
process are assumed. Thus the production funection is a continuous
function of continuous varisbles. The production function for grain and
forage in the production of a livestock product can be represented
graphically by a production surface in which 0X1 and OX, are horizontal
axes and OY is the vertiocal axis, as in Figure 2, The contour of the
production surface consists of a system of curves in the Plene 0X4X,
which represent constant product contours and are defined by f(xlxz):
Constant., Curve ab, corresponding to a given value ¢ of the constant
product, includes all points (xy, xp) representing asmounts of the factors
giving a definite Product ¢. These points may be extended to the
corresponding Curve a'b' in the 0X4Xy plane. The entire system of curves
is continuous and non-intersecting, covering the positive quadrant of the
0X1Xy plane in such & way that one, and only one, curve passes through
each point. As the quantities of grain and forage are varled in any way

the Points x3xp move aoross the constant product contours in the Plane
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Fig. 2 Production surface involving two factors.
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0X1X2 determining the resulting chanme in livestock product. Thus a
system of constant product contours or iso-quants can be established and
represented in a two dimensional diagram such as Figure 3. Curve y; in
the fipure represents the various input combinntions of grain (x5) and
forage (x9) which lead to output y;. Similarly Curves y,, yz, and yg
represent the various combinations of grain and forage which yield Vas
Yz and y, quantities of livestook product, where yp is larger than y,,
¥z is larger than y, and y4 1s larger than ygz.

The equation of the iso=-quant (constant product contour) is obtained

directly from the production function
Yo = £(=xq, xp)

where y, represents the output for each particular iso-quant. From the
differential of this funotion is obtained

0:46’Y dx, oy

oXy 1 o X3

dx, or dx2 - _dy /oy
dxl o X3 o X2

The slope of the iso-quant is glven by EEEA. The partial rate of change
dx

of output with respect to factor x; is thi marginai productivity of xj
for a particular value of x, and is designated by%%%z o Similarly, the
marginal productivity of factor x5 is expressed as SY_ . Thus the
slope of the iso~quant at a particular point is equal toaginus one times
the ratio of the marginal productivities of the productive factors. This
ratio may be termed the marginal rate of substitution of factor xy (grain)

for faotor x4 (forage) in producine a constant output Yo of livestock
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product.

Nature of the product contours. The nature of the iso~quants is a

part of the technical date and, as shown in the previous section, is
derived directly from the production function. Several types of iso=-
quants are possible. In certein types of production factors must be
combined in a fixed proportion, with no substitution possible between
factors. Thus the relevant portion of each iso-quant is a sincle point
representing that required factor combination., A second possibility is
that the two factors are perfect substitutes for each other. In this
case & given output is obtainable from & series of combinations of the
two factors and,further, a unit chanpe in one of the factors requires
8. constant opposite change in the other factor to maintain that output.
Sinoe substitution is perfect the relationship between marginal pro-
ductivities of the factors does not change as the factor combination
changes, The marginal rate of substitution, and consequently the slope,
of each iso-quant is oconstant. In other words, the iso=-quants are
straight lines parallsl to each other,

Usually in production factor combinations are not technically fixed,
nor are they often perfeotly substitutable. In livestock production one
would expect the factors grain and forage to be imperfeoct substitutos for
each other. Logically the iso=-quants will be downward sloping and convex
to the origin at all points. As forage is substituted for grain each
additional unit increase in forage would be expected to replace less and

less grain in producing a particular output of livestock product ==
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is0s diminishing marginal retes of substitution are expected., Curve Yo
of Figure 4 describes the pgeneral nature of the hypothetical iso=-quent

for various combinmtions of grain and forage in production of a livestock

product,

The iso~cost curve and optimum combination

By combining into ocurves all factor combinations that have the same
cost a system of iso-cost curves is obtained., In livestock production
involving only two variable productive services (forage and grain) whose
prices are fixed (in the sense that the prices are independent of the

quantity used by the firm) the iso-cost curves ere expressed by the

equation
pP1X3 * pPpxp = Constant,

where the p's and x's stand for the prices and quantities of grain and

forages Differentiation of this equation gives the tangent to the iso=~

cost curve,

The iso=-cost curves are in this case straight lines with a downward slope
squal to the (inverse) ratio of their prices.

If the grain and forage combination for e particular output are
varied along the given iso-quant, the minimum cost combination is reached

where the iso=-quant is tangent to the lowest possible iso-cost curve., In
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this case, where the prices of the factors are fixed and the iso~cost
ourves stralght and parallel lines, the lso~guent will be tangent to
only one such iso=-cost curve. Moving from the point of tangency along
the given iso-quant must lead to a higher iso=-cost curve, The iso-cost
curve which is tangent to the constant product contour Yo is given in
Figure 4 by the Line P. The two curves are tangent at Point c¢. It is
here that the marginal rate of substitution of forage for grain in pro-
ducing output y, of livestock product is equal to the inverse ratio of
the prices of forage and grain. The feed combination which minimizes the
feed cost of producing Yo quantity of livestock product is evidently Oa

units of grain and Ob units of forape.

Dynamic Concepts

The preceding enalysis was based on the assumption of a static, or
"timeless", situation. The actual situation in livestock production is
more complex. The production process is spread over time., With the
passage of time prices, costs, and the technical production relationships
are subject to changs. Production plans cannot be made on the basis of
given costs, prices, and production responses but on the basis of ex-
pectations of what these will be. Thus before production plans are made

expectation of future events must be formulated.

Subjective certainty

While in actual practice it is not possible to estimate exactly which
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of the numerous possibilities with respect to prices, costs and pro-
duction relationships will come about in any future time period, in
order to keep the analysis manageable it is assumed for the present that
the farmer thinks he knows exactly what will happen under each business
plen he contemplates. Thus plans are made in a setting of subjective
certainty. The business plan cen now be viewsd as a stream of invest-
ments or expenditurés and a stream of returns through time. The optimum
plan will be the one which maximizes the present wvalue of the net re=-
celpts over time. The present wvalue of receipts and expenditures antici-
pated in the fubure is determined by the expected interest rate. The

present value of the stream of costs is given by the equation

Ms

-t
og(1 & 14)

ct
1"

0

where C is the present value of the stream of expenditures, c, is the
cost in each time period (t = 0, 1, 2, =~-= n), end i, is the expected
interest rate in each time period. The present value of the receipts

stream is given by the equation

o -t
R2S r(l+iy)
=0
where R is the present value of the stream of receipts and ry is the
receipts in each time period (¢ = 0, 1, 2, ==-= n), and i, is the in-
terest rate in each period. The present value of the stream of net re-

turns, NR, is given by the equation
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NR=R-C. %

The optimum produetion plan for producing a particular livestock
product, the plan which maximizes the capitalized value of net receipts,
must meet these conditions: (&) the marginal rate of substitution be-
twoen the products of any two time periods must equal the ratio of their
discounted prices; (b) the marginal rate of transformation of eny faector
into & product must equal the ratio of their discounted prices; and (c)
the marginal rate of substitution between any two inputs must oqual the
inverse ratio of their discounted pricé;. Condition (a) is analogous to
the condition in the static situation for the optimum combination of
products; here products of different points in time are treated as
different products. 'The effect of condition (b) is to lower the optimum
level of production from what it would be with the same prices and costs
but without the time consideration. This is especially true in the case
of livestock production, where much of the cost is incurred well in

advance of production, since

discounted price of product <: price of product |
discounted price of factor

price of factor

aLutz and Lutz (32, pp. 16-48) show that maximization of R = C is
only one of four logical criteria. Alternative criteria are R/b, the
"interral rate of return" on the total ocapital invested, and the rate of
reburn on his own capital. They show further that the four criteria
coincide when the rate of interest equals the maximized averapge rate of
return, which in turn equals the marginal internal rate of return. These
conditions are not always met; when they are not met the four eriteria may
not lead to the same answers. They conclude that R = C is the appropriate
criterie to vse. However, Hildreth (20, pp. 156-164) has sucgested cer=
tain situations in which it is rational to maximize the internal rate of
return rather than R - C.



27

If costs for the substitutable factors, grain and forage, are incurred
simultenecusly the optimum combination of grain and forage in the ration

is not affected by the discounting process --

discounted price of grain - price of grain
discounted price of forage price of forapge

In that case, in a setting of subjective certainty, production plans for
minimizing the feed cost of & particular output of livestock product are
identical with plans in a static framework,

The analysis is made more complex if in substituting forage for
grain the length of the production period is extended (or reduced). 1If,
for exemple, the price of beef is different at different points in time
it is not realistic to consider beef at different dates as identical pro=
ducts. The concept of an iso-product contour comnecting forage-grain com=~
binations which yield a given weight of beef, but at different dates, is
then not a very useful one. We are then no longer interested only in
minimizing the feed cost of a given livestook output, but also in finding

the optimum feed investment period.

Uncerteinty and production planning

The assumption of subjective certeinty underlying the analysis of the
previous section, while useful in examining the effect of the passage of
time in the production process on the optimum production plan, is at
varience with the facts. Farmers seldom have a single valued expectation

about prices, costs, or ylelds. They recognize that their estimates are
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subject to error; for any particuler plan they set out to follow they
realize that a whole set of outcomes is possible.

Anticipations about future events which are not known with certainty
involve eitherf;isk or uncertainty.® Xnight (29) makes essentially this
distinction between the two terﬁs: in the former case the parameters of
the probability distribution of probable outcomes are known a priori;
whereas in the situation involving uncertainty the parameters of the
probebility distribution are not known -~ thaet is, we are faced with a
probability distribution of probability distributions., Tintner (42) has
introduced the term "subjective risk" to apply to the’situation where the
individual thinks he knows the parameters of the probability distribubtion
of probable outcomes and uses the term "subjective uncertainty" to
describe the situation where the individual views the probable outcomes in
terms of a set of probability distributions corresponding to a set of
uncertain contingencles.

Hicks (19, pp. 125-129) and Lange (31, pp. 29-34) use & device in
handling uvncertainty (in the sense in which Tintner uses the term sub-

jective risk) which permits use of the same analysis as outlined above

8ys Hart (12, p. 51) points out "The event viewsd in isolation is
always uncertaine. Bubt viewed as a member of a group of events so related
that their joint outcome is more certain than the individuael events in
the group, it is a risk." Within a firm risk in this sense is encountered
only where the firm carries on a large number of comparable operations
whose results are independent, thus pgiving an "actuarial" basis for
assigning probabilities. In the agricultiural problem of feed combination
with which this study is concerned the situation is more generally one
of uncertainty.
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for a situvation of subjective certainty. Their procedure is essentially
the following: An entrepreneur faced with various possible prices (or
costs or transformation coefficients) may consider one of these the most
probable, or perhaps the mean, outcome. But individuals are not likely
to reaot in the same way to an uncertain as to a certain expectation of
a given magnitude. Rather, they will want to wake some allowance for the
fact that the future event is uncertain, The allowance made will be
different for different individuals, depending not only on the degree of
uncertainty each attaches to the event but also on the aversion each has
to risk bearing.

It is assumed that oach probability distribution (whether its
parameters are known with certainty or judged subjectively) of probable
outcomes has a corresponding unique outcome expectation -- the “repre-
sentative expectation" =~ for each individual. That is, the individual
reacts in the same manner to the probability distribution as he would to
the representative expectation. Thus formally the analysis in a situation
of uncerbainty involves only single valued expsctations just as in planning
under subjeoctive certain.ty.a

Shackle (37, pp. 109-127) has been critical of the orthodox idea of
frequency-ratio probability in treating uncertainty and argues strongly
for his concept of "potential surprise", Briefly, Shackle's theory may
be sketched as follows: An entreprensur looking out from the present

point in time (his “"viewpoilnt™) at the date when returns are expected to

8Stiendl (38, pp. 47-48) suggests that instead of adjusting the ex-
pected prices downward to compensate for the uncertainty individuals may
adjust the interest rate used in discounting future incomes upward ==
thus decreasing the present value.
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be forthcoming (his "imare date™) is uncertain as to the outcome. But
he visualizes & series of hypotheses reparding possible outcomes (vields,
for example) and assesses the surprise which the fulfillment of each of
these hypotheses would afford him. The "potential surprise function" is
defined by the depgress of surprise he considers each of the different
outoomos would present. While surprise may not be capable of numerical
measurement, the alternative hypotheses can be arranged in order of the
surprise the individual believes each would produce should it be ful-
filled. Thus the hypotheses may be arranged in order from “zero surprise"
to some maximum surprise (Shackle's §) which would be associated with an
outcome considered impossible.

The enjoyment or distress obtained from enticipating e hypothesis
depends on (a) the profit or loss which it involves and (b) the potential
surprise associated with it, If an event is considered "perfectly
possible" the enjoyment afforded by its contemplation is derived entirely
from the outecome, If, Qn the other hand, some potential surprise is
associated with an event, the enjoyment is related to the outcome but ié
reduced eccording to the amount of surprise the individual attaches to
its ocourrence.

An individuel, according to Shackle, reletes his enjoymsnt (or
distress) to the alternative outcomes and their deprees of surprise by
means of a "stimulation function". Enjoyment and distress are ordered
and represented numerically on a scale whose zero represents complete
absence of stimulus. Any of the possible outcomes whose contemplation

affords any enjoyment or distress possesses some stimulus.
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The various hypotheses visualized by the entrepreneur are mutually
exclusive. The stimull to which they give rise are not, therefore,
additive but are entirely independent rivals. Shackle (36, p. 70) con=
siders this a "central strand" of his theory, for it provides a measure
of acceptance of a hypothesis which is independent of the degrees of
acceptance attached at the same time to rival hypotheses. Since the
degrees of potential surprise (or of stimulation) do not need to add to
any number they need not be affected by the discovery of a new possible
outcome or a change in the surprise attached to an alternative hypothesis.

The entreprensur fixes his attention on only two of the hypotheses,
according to Shackle, ~~ the one offering the greatest enjoyment and the
one stimulating the most distress by anticipation. These are the
"primary focus-outcomes". In meking comparisons, these are replaced by
"stendardized focus-outcomes" -- outcomes which give the seame stimuli but
involve ezero potentiel surprise. If on one of a pair of cartesian axes
woe measure focus-gains and on the other we measure focus-losses, any
point on the plane will represent a plan involving the combination of a
particular standardized focus-gein eand a particular standardized focus=-
loss. All of the opportunities 6pen to an individual may be represented
by & series of points on this plane. Some of these points will be
equally attractive to en individual. It is likely that all these points
representing equally attractive opportunities will fall on a smooth and
continuous curve sloping upward to the right. These curves are the
"gambler indifference ourves". The curves forming the gambler indiffer=-

ence map will, of course, be different for different individuals ==



52

making inter-personal comparisons impossible. For each individual,
however, the gambler indifferences map will consist of a non-intersecting
family of curves, one through each point on the map. In deciding be=
tween two alternative plans an individuval will prefer the plan repre-
sented by a point on the highest gambler indifference curve (the indiffer-
ence ourve in a position nearest the focus-gain axis).

Shackle's objections to the vee of frequency-ratio probability may
be summarized as follows:

l. For many important kinds of decisions it is impossible to find
e sufficient number of past instances which nccurred under the same con=
ditions; that is, no "well founded" fipgures of probability of different
ouwtcomes can be established from experience.

2. Even if a probability is established, meny kinds of decisions
are virtually unique for each individual, in the sense that failure may
prevent the entrepreneur from remaining in business.

3. The entreprensur cannot, therefore, look upon the possible out-
comes of a particular course of action as being related and occurring
with given relative frequencies over time. Rather, they must be regarded
as independent and mutually exclusive alternatives arising out of a
single set of actions.

Shackie's objection that it is impossible to carry out a long series
of decisions under identical conditions does not seem to be a serious one.
A general knowledge zained from experiences involving several similar yet
not identical situations may be the basis for forming a judgement of the

probabilities of alternative outcomes from a given action,
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The objection that many decisions facing an entrepreneur are of such
a nature that he has only a single chance =~ that a failure prevents hinm
from continuing in business -=- does not necessarily strike at the ortho-
dox theory. The enbrepreneur faced with such a situation might base his
decision on the frequency ratio probability while limiting the size of
his investment to teke account of the prospect of failure.

Shaockle's contention that the application of frequency-ratio proba-
bility to economic decisions is unrealistic appears well taken, however.
It is unrealistic in the sense that the true probability distribution of
future events contains elements completely unknown (such as whether or
not there will be war or peace, or who will win the election next year).
Any frequency=~ratio will be based on past events; probabilities assigned
to future events on the basis of these frequency ratios must be subjective.
Carter (4, p. 99) cites the following paragraph from John Venn (51, p. 158),
one of the chief authors of the frequency-ratio concept of probaebility, to
support his view that the probabilities on which entrepreneural decisions
are based lie outside the fleld of frequency-ratio theory:

In every case in which we extend our inferences by
Induction or Analopy, or depend upon the witness of others,
or trust to our own memory of the past, or come to a con-
clusion through conflicting arguments, or even make a long

and complicated deduction by mathematics or logic, we have

a result of which we can scarcely feel as certain es of the

premisses from which it was obtained. In all these cases

then we are conscious of varying quantities of belief, but

aere the laws according to which the belief is produced and

varied the same? If they cannot be reduced to one harmonious

scheme « « » then it is in vain to endeavor to force them
into one science.

Carter (4, p. 95) then argues as followss

We are left, in fact, with no more than a set of entirely
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subjective assessments of probability, capeable of formal
measurement on a numerical scale by a single individual,
but not of comparison between individuals., The calculation
of a mathematical expectation in such circumstances seems

a formal and irrelsvant exercise.

But if we reduce probability to this level, how does it
differ from lr. Shackle's concept of potential surprise?
Clearly there is a one to one correspondence between the two;
if the essence of our knowledge of probabilities is that we
can place them in order, this order of 'more or less probable!
corrssponds to 'less or more surprising'. To the concept
'zero probability' corresponds 'maximum potential surprise!,
But the other bound of the potential surprise scale, 'per=-
fect possibility' ocorresponds to the highest probability in
the series under consideration, whatever thet may be.

Carter's conclusion, which seems reasonable to this writer, is that
Shacklets theory of potential surprise is essentially equivalent to "the
only kind of probability theory valid for economiec hypothesis".

Professor Ingvar Svennilson (40, pp. 39-55) has expliecitly assigned
"marks" to the alternative hypothesis and treated them as mutually ex-
clusive. Shackle (36, p. 73) raises no objection to the use of frequency=
ratio probability in this sense. It seems, however, that this same
ordering is implicit in the conventional use of the probability concept.
Economist have, it seems, avoided its use for inter-psrsonal comparisons.

As long as the limlitation of the frequency-ratio probability concept
pointed up by Shackle are recognized and the use of the concept confined
to personal comparisons it eppears that its use is & hamless convenience.
The assignment of probabilities may be considered a useful way of order-
ing the depree of belief accorded the alternative hypothesis, We may
then return to the less complex methods of Hicks and Lange in conducting
the empirical analysis of uncertainty.

The conditions for equilibrium of the competitive firm producing a



35

single livestock product in the context of uncerteinty may now ve stated
in the following terms: (a) the representative marginal rate of sub=-
stitution between products of any two polnts in time must be equal to
the inverse ratio of their discounted representative prices, (b) the
representative marginal rate of transformation of each factor into a
glven livestock produet must equal the ratio of their discounted repre-
sentative prices, and (o) the representative marginal rates of substitution
between grain end forape (or any other factor inputs) must equal the
discounted representative prices of grain and forage (or other input
factors). Where the farmer has the opportunity of producing several
different livestock products & fourth condition, which is anmlogous to
the first, is that the representetive merginal rate of substitution be-
tween products be equal to the inverse ratio of their discounted repre-
sentative prices.

Three types of uncertainty are important in agricultural productions
technical uncertainty, téchnDIOgical uncertainty and market uncertainty.
Technicel uncertainty exists in the sense that the physiocal response in
output to & partiocular combination of resource inputs is not known with
certainty a priori, That is, the physical output from & particular plan
may be viewed et the time plans are made as a probability distribution of
possible results. In terms of the present problem of determining the
optimum feed combination, technical uncertainty may be viewed as pro-
ducing a whole set of pospi?}gﬂp;gdupt contours for each level of output.
If the variation in production is independent of the composition of the

ration the possible product contours may teke the form of essentially
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parallel ourves. This is illustrated in Figure 5 where Curve B repre-
sents the mean contour for a given level of livestock product and Curves
A and C represent the upper and lower limits of the forage-grain com-
binations which yield thaot output. The variation in feed requirements to
produce a given output of livestock product may, on the other hand, be
correlated (either positively or negatively) with the proportion of grain
in the ration. For example, as the proportion of grain in the ration is
increased deiry cows may be subjJected to greater chance of udder diffi-
culties; feeder cattle and sheep may be in greater danger of "going off
feed"; or, increasing the proportion of forage in the ration may increase
the chances of death loss from bloat. Where the variation in the pro=-
duction function is associated with the makeup of the ration the dispersal
of the possible product contours for a given output may be represented by
Figure 6, where Curve B is again the mean contour for a given level of
output and Curves A and C represent the outer limits of the possible feed
combination to give the same level of production.

Technological uncerteinty is present in agricultural production in ¥
that innovations leading to new and more efficient production functions
are not foreseeable. An innovation, even though it may merely result in
the saving of resources for an individual firm, results in an inoreased
output for the industry as a whole =-- and consequently, a lower price per
unit of output. Some innovations in livestock production may be such that
an individual farmer cannot take advantage of thom immediately. For ex-
ample, investments in housing, equipment and breeding stook once made

constitute part of the fixed costs of production for a considerable time
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Fige. 6 Technical varietion in nroduction correlated with factor combination.
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into the future. Improvements in building or equipment design or in
animal breeding often cannot be adopted by a farmer economically except
as old buildings and equipment wear out or as present herds can be
replaced. Yet, the more efficient techniques encourapge production and
tend to depress product prices. Thus technological advances of this
nebure result in a decline in net income for the farmers who are not in
a position to change immedlately to the improved production function.
The possibility of such innovations contributes to the uncertainty in-
volved in laying produoction plans of & long term naturs. Other techno-
logical advances have a simllar effect in reducing the factor requirements
for a piven output of product and yet result in a diminubtion of uncer-
tainty. For example, considerable advancement had been made in control-
ling livestock disease; recent development of antibiotic and other nu-~
tritional discoveries have the effeot of reducing the grain and forage
required Yo produce a gilven amount of livestock product. Adoption of
these innovations add nothing to the fixed cost of livestock production.
They do add to the variable costs, and consequently to the total costs,
They also inoreass the total production and reduce the variability of
production. The effect of such an innovation is illustrated in Diagrams
I and II of Figure 7, where Diagram I shows the mean and range of possible
product contours for a given livestock output before the innovation and
Piagram II shows the mean and range of possible product contours for the
same output following adoption of the innovation. Curve B', the mean
product contour following the innovation, lies nearer the origin than

Curve B, the mean pre=innovation contour. Curve C!', the upper limit of
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the product contour following the innovation, lies nearer the oripgin than
Curve C; it also lies nearer the mean than does Curve C. Curvq»A', the
lower limit of possible product contours for a given output of livestock
product, will also lie nearer the mean product contour; it may or may not
be nearser the origin than Curve A ~- depending on the nature of the
innovations To illustrate, the innovation may be one such as vaccination
of livestock. Vaccination may greatly reduce the risk of heavy death
loss (and thus high feed requirements per pound of product) but even
without wvaccination livestock may avoid getting that disease and can
make as thrifty geins as those which were vaccinated. In such cases it
appears that Curves A and A' are identical. Other innovations may in-
orease the production potential of the animal and thus cause Curve A!

to lie nearer the origin than Curve A,

A third source of uncertainty in agricultural production is that ine
volved in the purchese of factors and the sale of products. At the time\
plans are made the farmer does not know wifh certeinby the prices he will
have to pay for resources used throughout the production proecess, nor can
he be certain whet prices will be obtained at the time the products are
solds These uncertainbies must be taken aoccount of in deciding the come
bination of products to be produced, the level of production per unit of
livestock, and the feed combination with which to produce that output. 1In
each case a wide range of price ratios are possible. As pointed out in an
earlier section some "representative" price ratio (different for different
individuals) will determine the best decision in each case. Market un-

cortainty as it relates to the selection of the best feed combination in
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producing a given output of livestock product is illustrated in Fipure 8.
Line E may be considered the mean ratio of the price of forage to the
price of grain. Lines D and F may be considered the extremes of possible
forage=-grain price ratios. Curve Q is a given product contour for a
particular livestock product. The feed combination which minimizes feed
costs in years when the grain forage price ratio is average is at Point b.
The least cost feed combination in any year may vary from that given by
Point a to that given by Point ¢« The proper planned combination will
vary for each individual depending on his judgement of the probability of

each of the possible price ratios being obtained and his attitude toward

risk bearing.

Measurement of uncertainty. In the above paragraphs it wes suggested

that individuals faced with uncertainty view the future event as a proba-
bility distribution of possible oubtoomes but that they plan on the basis
of a single valued "representative" outcome., That is, the individual
reacts in the same way to the probability distribution as he would to the
representative expectation. The important elements which determine an
individualts reaction to an uncertain event -~ and thus determine his
representative expectation -- are (a) the degree of uncertainty associ=
ated with the event and (b) the individual's "risk" aversion.

The degree of uncertainty assoclated with a venture is given by the
various characteristics of the probability distribution of possible re-
sults; such as the variance, range, skewness and kurtosis. In a situation

of risk these characteristics are known with certainty. In a situation
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of true uncertainty these charscteristics are not known; they can only be
judged subjeotively., How, then, oan & notion ba gained of the degree of
uncertainty involved in alternative feed utilization systems? Poerhaps
some indication of the degree of uncertainty surrounding future prices
and costs can be obtained from historical price and cost behavior. It
may be assumed that certain characteristics of future prices will be a
reflection of past prices. For example, the relative prices of wvarious
farm products in the future mey be expected to be roughly similar to the
relative prices of these products in the past (this is the assumption
made in the “"parity" concept); too, it may be assumed that if the prices
of particular commodities exhibited a great deal of variation in the past
the future prices of the commodity will also be characterized by con-
siderable variebility. Thus by measuring the distribution of price
ratios of grain to forage over an historical period some notion of the
variance, range, skewness, and kurtosis of the probability distribution

of future pgrein-forage price ratios may be obtained.

Response to uncertainty. Where an event involves merely risk some

individuals mey be gquite indifferent to the degree of risk involved in a
venture. For instance, an individual in a strong financial position may
be able to withstand severe losses in any one year; he may be willing to
do this if he is assured that these losses will be offset in subsequent
years by larger rewards. In other cases involving merely risk it is
often possible to insure against the occurrence of an unfavorable out=

come; thereby reducing risk to a known cost. Situations involving
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uncertainty eare not insurable; neither are they likely to be treated with
indifference. Even though an individual has sufficient rescurces to with-
stand severe losses in any one year he is not likely to care to do so if
he does not know what the chances are of being able to recoup that loss
in following years. .

The reaction of an individual to a situation involving & particular
degree of uncertainty is oconditioned by his financiel position, his pre-
vious training and experience, and his peculiar personality traits =--
boldness, timidity, or love for adventure. In pgeneral, however, it is
perhaps true that most people prefer a certein event to another less
certain event of equal mapgnitude. HMany farmers may be concerned with
business survival; a severe loss in a single year may forece them out of
business. Such farmers may have a strong preference for safe ventures and
may select business plans which promise considerably less returns over
time than some other venture if the latter involves e greater degree of

uncertainty.

Determination of the optimum plan

Any plan an entrepreneur may consider with respect to combinations
of products to produce, scale of enterprise, level of production per unit,
or combination of inputs for particular levels of output may be repre-
sented by points on an indifference map, once the pertinent parameters of
the probability distribution of present value of net returns from each is
known. If we can use a single measure of dispersion the indifference map

of an individual may be represented by a two dimensional diagram such as
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Figure 9, where the mean net returns are represented on the horigzontal
axis eand the dispersion is shown on the verticel sxis. The indiffersnce
ourves connect the points (representing the various opportunities) which
are equally attractive to the individual.® Thus, the plan represented by
Point p, which involves a dispersion of OB and a mean of OD, is as
attractive as the plan represented by Point q, which involves a dispersion
of OA and a mean of OC. Both of these plans are just as desirable as a
plan represented by the Point r, which involves a mean of Or and gero
dispersion. The value Or may be thought of as the representative net
returns for any of the plans falling on the risk indifference curve I,
In choosing between alternative plans the produser will choose the one
represented by the point on the highest indifference curve ~= the ons
furthest to the right. Of the possible plans which are represented by
points on the map there may be several which have the same dispersion,
but only the one which has the maximum mean value is important. By
connecting all of the plans which have & maximum mean value for each
lovel of dispersion & boundary line such as S is obtained. The optimum
plan is represented by the point at which the Line S is tangent to a risk
indifference curve (Point s in the diagram).

The seme principles would apply if more than two parameters are in-
volved, but in that ocase, of course, the presentation cammot be made in

terms of a two dimensional diagram.

811 the producer has & preference for risk the indifference curve
will fall from left to right.
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Capitel Ratloning

The assumption has been implicit in much of the preceding discussion
that factors were available to the firm in eany quantity desired. Many
farmers face a situation wherein they are uneble to apply capitel in the
amount justified on the basis of profitebility. This is cepital ration~
ing, Capitel rationing is & consequence of uncertainty. Investors may
be uncertain about the integrity of the borrower, his ability to repay the
loan, or the profitability of the contemplated venture by the borrower,
Because of these uncertainties lenders have come to put more emphasis on
the borrower's equity in the investment and normally give little con~
sideration to the prospective returns from additional applications of
capital by the borrowsr. The effect is & limitation on the amount of
capital available to the firm; and this limitation bears little or no
relationship to the marginal productivity of capital.

| The firm faced with capital rationing is unable to secure enough
capitael to equate marginal cost with marginal revenue.® Equilibrium in
this situation is achieved where the values of the marginael products of
capital from each of its alternative uses are equated. These values will

exceed the cost (interest rate) of capital.

8The marginal cost curve may, of course, be viewed as becoming
perfectly vertical at the point of discontinuity.
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PRESENTATION OF RESULTS

A theoretical analysis of the feed utilization problem was presented
in the preceding section. The empirical counterpart presented in this
section is somewhat more limited in scope. Ideally, data would have been
obtained to test all of the relationships represented in each of the
models of the theoretical analysise. Unfortunately, some of the data
needed for a precise calculation of the desired relationships must aweit
further technical ressarch. Also, inadequacy of statisticael techniques
limit the precision with which true relationships can be measured. Thus,
while the following empirical analysis takes its direction from the
theoretiocal analysis presented earlier, it should be clear that the data
used and methods employed may not lead to the ideal solution. It is
hoped, however, that the results of this study will give some insight
into the problem of feed utilization and permit some infersnces concerning

profitable adjustments in forage-grain production and utilization.

Feed Substitution Relationships

Grain and forage make up nearly all of the feed cost (and & major
part of the total cost) in producing most kinds of livestock products.
The substitution relationship between forage and grein is therefore
technical date which is needed for determining the feed combination which
will produce a particular livestock output at & minimum cost. A recent

Iowa study (16) provides estimates of substitution rates between forage
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and grain in feeding dairy cows, beef cattle, hogs and sheep. These

estimates and their applicability are discussed below:

Forage-prain substitution in dairy oroduction

Estimates of forape~-grain substitution relationships in deiry pro-
duction were based on data pertaining to heavy breeds (Holsteins and
Brown Swiss) from the Jensen~Woodward study (25). Production records
from only those cows which received comparable feeds (legume hay, corn
silage and grain) and with an expected production capacity of 300 to 400
pounds of butterfat (when fed the standerd Haeker ration) were used in
arriving at these estimates. Thus the relationships estimated are
applicable over only a smzll range of output levels and a narrow selec-

tion of feeds. 'The milk production function estimated was

.5035

- o4
Y = 3.56 X, Xq

where Y is the pounds of 4 per cent fat corrected milk produced per cow,
X, is the pounds of forage fed and X, is the pounds of grain fed. By
setting ¥ at various levels the iso-product equation for each of those

outputs is determined. Thus the iso=product equation for 8500 pounds of

milk® is given by

2.5
X ,( 8500 )
2 \s.56x;°000

BObservations on production per cow, on which estimates were based,

ranped from nearly 8000 pounds to slightly over 10000 pounds of 4 per
cent milk. i
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From this the marginal rete of substitution of grain for forage is ob=-

tained as the first derivative:

dXp _ 350,640,222
= = T =7 .r5E75
dXq X,

Forage=-grain substitution in pork production

.Betimates of forage=grain substitution rates in hog production were
based on experiments by the United States Department of Agriculture at
Beltsville, Maryland.a These experiments involved fall pigs fed differ-
ent combinations of chopped legume hay and No. 2 yellow corn., All hogs
in the experiment were raised to a weight of about 225 pounds. The date
" were inadequate for a determination of a significant portion of the pro-
duction surface. It was therefore necessary to calculate the product
contour directly as the least squares regression of grain (Xz) on forage
(Xl). This procedure of arbitrarily considering pounds of grain the
dependent variable is subject to some criticism. It is defended here on
the grounds that a more precise estimate must await the results of
additional research designed to give observations over a wider range of
the production surface. The contour for one hundred pounds of pork was

estimated to be

8For details of this study see Ellis (7). The data used in arriving
at these estimates included the initial weight of the pigs at weaning
time (about 60 pounds), the final weight per pig at the end of the ex~
periment (225 pounds) and the pounds of grain and of forage fed per pig
from weaning until the end of the experiment. Thus the pounds of pork
produced is about 165 pounds. The feed requirements per 100 pounds of
pork produced reflect the average over the entire 165 pounds,
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- 2
Xz = 3275 = 05115}{1 L 4 000425X1

The marginal rate of substitution between forape and grain in pro-
ducing one hundred pounds of pork is obtained as the first derivative of

the above function with respeet to X; and is

&2 = - .5115 + .00848X;
axy

Forage~grain substitution in beef production

Beef may be produced by any of a large number of systems. Estimates
made in the Iowa study are for choice beef produced on yearling steers.
The estimates were based on an experiment conducted at Page County, Iowa
by the Agricultural Experiment Station (24). The experiment involved
yearling steers purchased in the fall, wintered, and fed out the following
fall. Four lots were fed out each year for five years (1946 to 1950).
Rations for each of the four lots contained different proportions of
forage and grain. In deriving the product contour, feed inputs were
reduced to the basis of 100 pounds of pain. The one hundred pound beef

contour equation was estimated directly as follows:

Xy = 1111,16 = .4219X; ¢ .0000686X]

The equation for the marginal rates of substitution is derived as the
first derivative of the above equation as follows:
S

— 0 - G4219 & »000137Xy
dxq
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Forape«-grain substitution rates in lamb feeding

Feed substitubtion rates for fattening laumbs were also derived.
These estimates were based on an Jowa experiment (5) involving lambs fed
six different proportions of chopped hay and corn. All leambs were
finished to prime or choice grade. Since there was considerable wvariation
in marketineg weights of the lambs the data permitted en estimate of the

production function. The following functional relationship was estimated:

Y = - 16844345 + .7157Xy ~ 2.3118X5 ~ .OOlOéGXi - .OO74X§ - .0037}(11(2

where Y is the pounds of lamb produced and, as before, X, is the pounds
of forape fed and Xz is the pounds of grain fed. The product contour
equation is obtained by setting Y at & particular value and expressing
the above reletionship in terms of X,. The contour equation for 25

pounds of lamb may then be stated as

P
- 2 2 3
Xp = 243118 - .0037X) [(2.3118 - ,0037X1)% .021175Xy - .000031X] - 5.426ﬂ
014792

The marginal rates of substitution are derived from the contour equation

as follows:

dXp 9,210359 - .078568Xy
— 0250676 - T
ax, 138.42072; - ,078568X% - 375.5419) 2

Least Cost Feed Combinations

The criteria for minimizing feed costs of producing a particular
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livestock output were set forth in an earlier section. It was shown that
in a timeless situation the least cost feed combination is the one at
which the marginal rate of substitution between feeds equals the inverse
of their price ratios. In a non-static situation, but one involving
subjective certainty, the optimum combination is atteined where the
marginal rate of substitubion equals the inverse of the discounted prices,
Where, as is generally true in livestock feeding, the forage and grain
are fed simultaneously the price ratios are unaffected by the discounting
process. In a setting of uncertainty, it was pointed oub, the least cost
feed combination is the one which equates the representative merginal
rate of substitution with the inverse of the discounted representative
price ratios.

Tre particular price ratio to equate with the marginal substitution
rates determined in the preceding section depends, then, on the nature of
the setting in which production decisions must be made. A setiing of
timelessness is inconceivabls. A dynamic setting involving subjective
certainty is conceivable but not realistic. In the present economic
order decisions concsrning, the combination of feeds in feeding livestock

are ordinarily made in an atmosphere of uncerteinty.

Least cost feed combinations under uncertainty

This study is primarily concerned with market uncertainty; no
attempt is made to take into account technical and technological vari-
ations, which also affect the decisions of producers. Market uncertain-

ties are assumed to be independent of the physical uncertainties and may
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therefore be studied in isolation. In a situation involving price un-
certainty (but with production coefficients known) the optimum (ex ante)
feed combination is obtained where the marginal rate of substitution
botween feeds is equal to the inverse ratio of the discounted repre-
sontative prices. The optimum feed combination for each individual
producer depends on (a) his expectations regarding feed prices and
(b) his aversion or affinity for risk taking. Thus no unique solution
exists; at any point in time the representative prices of different
individuals may be quite different.

Analysis is simplified if the following assumptions are made: first,
forage and grain in the ration are fed simultaneously and thus their
price ratios are not affected by the discounting process. Second, the
degrae of uncertainty involved in the purchase of a unit of pgrain is
equivalent to the degree of uncertainby attached to a unit of forage and
each individual makes the same proportional adjustment in his expectations
for grein prices as he does for forage prices. The effect of this latter
assumption is to eliminate the influence of risk aversion (or affinity)
on the decision of the producer. As a consequency of the two assumptions
the discounted representative price ratio is ldentical with the ratio of
the prices considered most probable. The problem is reduced to deter-
mining the most probgble outcome. Assuming a normal distribution «f the
anticipated price ratios we may consider, instead of the modal, the mean
of the probable prices. This mathematical expectation of the distribution
of anticipated price ratios we shall ocall the expected price ratioc. The

condition for an optimum forage~grain combination may now be restated as
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the egquality of the marginal rate of substitution between feeds with the
reciproocal of their expected price ratio.

Farmers expectations concerning future prices may be influenced by
a variety of information. Past prices appear to play an important part.
Vinile future absolute prices may be expected to differ considerably from
historical prices, past relative prices of substitutable feed crops might
be expected to be similar to their future price ratios. The ratio of
the average price per pound of corn in November to the average price per
pound of alfalfa hay in December for each of thirty=-two years (1917-1948)
are presented in Table 1. During this period the price ratio ranged from
a8 low &5 .61 in 1932 to & high of 3.9 in 1947, The mean price ratio
over the period was 1.95, with a standard deviation of .67. On the basis
of this sample we can bs confident that the actual corn~hay price will
deviate from the mean of 1.95 by less than .67 over 68 per cent of the
time. It will deviate from the mean by less than 1.34 over 95 per cent
of the time. Expressing it another way, in less than one year out of
twenty would we expect the ratio of the price of corn to the price of
hay to be less than .61 or more than 3.29. While the corn-hay price
ratio realized may be quite different from the mean, under the assumptions
made it is presumed that plans are made on the basis of the most probable
outcome. The least cost combination of forage and grain in a livestock
ration from the ex ante viewpoint is determined by setting the reciprocal
of the mean price ratio (l/is95, or +5128) equal to the marginal rate of
substitution between forage and grain and solving., The resulting come

binations are: (a) 8157 pounds of forage and 3320 pounds of grain in
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Table 1. Reatios of November price of corn to December price of alfalfa
hay, Iowa average, 1917-1948.

Price per 1lb. Price per lb.
Year corn/price per 1lb,. Yeuar corn/price per 1b.
alfalfa hay alfalfa hay
1817 2,62 1933 1,00
1918 2.01 1934 1.38
1919 2,01 1935 2.52
1920 1.47 1936 2,66
1921 1.06 1937 1.94
1922 1.33 1938 1.92
1923 1.81 1939 2,00
1924 2.40 1940 2.62
1926 1.43 1941 2437
1926 1.16 1942 2.32
1927 1.85 1943 2.17
1928 1.61 1944 2.23
1929 1.94 1945 2,31
1930 1.69 1946 2.84
1931 -89 1947 5.90

1932 «61 1948 2.36
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producing 8500 pounds of 4 per cent fat corrected milk, (b) 327.5 pounds
of mrain and no forage in the production of 100 pounds of pork, (c) no
forage® and 1111 pounds of grain in the production of 100 pounds of
choice beef on yeerling steers, and (d) 60 pounds of forage and 125
pounds of grain in the production of 25 pounds of prime or choice gain

on feeder lambs.

Limitations of analysis

The asctual outcome of price ratios will frequently be such that
the above feed combinations do not minimize the feed cost of producing
a given amount of produoct. But the question is: ocould the producer have
made a wiser choice on the basis of the information at hand when the
decision hed to be made? It does not appear so if the assumptions stated
earlier are accepteds We may well examine these assumptions further,
however.

In comparing corn and hay prices it is found that corn prices ex-
hibited a preat deal more sensitivity to the movement of the general
level of farm prices. As a result the ratio of corn prices to hay prices
increased significantly with inoreases in farm prices. The regression of
the ratio of the price of corn per pound to the price of alfalfa hay per
pound (Y) on the index of prices raceived by farmers (X) for the thirty-

two year period (1917-1948) is estimated as

87his combination is outside the range of date, Projection of the
estimated produet contour would give a combination involving a negative
quantity of forage. Since this is impossible the contour was extended

only to the Xg (grain) intercept and that quantity of grain selected as
the optimum combination.
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Y = 091692 + 0006818}{

The correlation coefficient (r = .570) is significant at the one per
cent level of probability.

The apparent correlation between the level of farm prices and the
ratio of the price of corn to the price of hay weakens the assumption
that expectations of future corn-hay ratios are rationally based on the
historical relationships since there is little logic for thinking that
the level of farm prices in the past thirty-two years are a satisfactory
guide to expectation concerning the level of prices in the future. Also,
if corn prices are more responsive to price level changes than hay prices,
the degree of uncertainty attached to grain prices may be greater than
for forage prices, resulting in disproportionate adjustments of expected
prices in establishing representative prices.

One further limitation of the sbove analysis is more serious. It
concerns the failure to take the time variable fully into account. As
forape is substituted for grain the length of the production period mey be
extended; if so, the validity of using iso=-product contours at all is
open to questiqn. Strictly speaking, given quantities of product turned
out at different points in time are not identical products -~ they do not
command the same price. Unless time can be treated as a factor of pro=
duction, coordinete with the forage and grain inputs, the solution cannnt
be achieved with the aid of constant product contours. It does not appear
that time can ordinarily be so considered because time has the effect of
changing the product (in the sense that 100 pounds of choice beef todey 1is

not the same product as 100 pounds of choice beef next month) rather then
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of changing the quantity of product. It mey be possible to transform a
given quantity of output at one point in time to its equivalent in another
time period but since this involves & consideration of the prices of the
product in each time period the simplieity of the product contour anslysis
is soon lost. An alternative procedure is to compare costs and returns
which would be expected from each of several discrete feeding systems.

This is the aporoach taken in the following sections.

Optimum Net Income Under Uncertainty

The above aralysis has been in terms of minimizinpg feed costs in pro-
ducing & given output of livestock product. This may be justified on the
basis that feed costs make up the larpest single element of costs in live-
stock production, and minimizing feed costs for a given output would usu-
ally be consistent with minimizing total costs for that output. Other
costs are important too, however, and are often not independent of the
forage-grain combination. Also, as was pointed out in the preceding sec-
tion, different combinations of feeds may require different investment
periods, and specific quantities of output at different points in time may
have different values. Thus minimum feed costs for producing a given live=-
stock output is not the only important consideration in selecting a feed
combination for livestock production in a situation involving a variable
fesd investment period and uncertain price expectations., The following
analysis provides estimates of costs returns and income variability as the
bases for choice from among a few of the possible feeding systems open to
a livestock producer.

Costs and returns for each of thirty-two years (1917-1948) were esti-

mated for (a) four different feed combinations for dairy cows; (b) one
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gystem of handling feedor calves, one system of feeding two~year old
steers and three feed combinations for yearling steers; and (c) three
feed combinations for hopgs on pasture and three feed combinations in-
volving forage and grain fed to hogs in dry lot. All of these systems
are representative of feeding systems which are either common in the corn
belt or offer possibllities for forage utilization under corn belt con=-
ditions.

Net returns were calculated for each feeding system for sach of the
thirty~two years, Net returns for sach year reflect prices and costs for
that year but assume present coefficients of production. A detailed
description of the data and procedure used in arriving at the estimates
of costs and returns is provided in the Appendix.

The relative frequencies of occurrence of various valuss of income
may be expressed in a probability demsity function, where the probability
of a particular value ocourring is expressed as the number of times it
ocourred- in the thirty~two year period divided by the total number of
years it could have occurred (thirty-two). The sum of these probabilities
for all values is one. These probability distributions, or certain
parameters of them, may serve as guides for assigning depgrees of belief
to the various hypothetical outcomes visualized for the future for each
feeding system oconsidered.

It need not be assumed that the hypotheses concerning outcomes at
some fubture date reflect precisely the same probabilities of occurrence
as the distribution functions for the historical period. It is only

necessary that we assume that some parameters of the historical distri-
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bution resemble the parameters of its future counterpart closely enough
that the subjective ordering of degrees of belief (or assignment of
probabilities) concerning the hypothetical oubcomes is releted to the
probability distribution for the previous period., TFor example, while it
16 not inconceivable that some people have notions of a "normal" price
bagsed on an historical mean, it seems likely that most individvals would
be influenced more in forming their expectations about the level of corn
prices by the outlook for the general level of business activity, employ-
ment and national income., But, on the other hand, expectations reparding
relative prices and relative incomes for rival plans might very well be
based on their relative positions in the past. Since meny of the rival
products produced by farmers are substitutes for each other in consump-
tion and compéte for the same resources in production, their relative
prices and costs might be expected to change only as people's tastes
change or as innovations affect the costs of production of one relative
to another.

Further, the relative amplitude of the variations in prices or re=-
turns for rival plans may be important in forming expectations about
relative variability of returns from these alternatives in the future.
Fluctuation in production, responses of consumers éo changes in incomes
and similar phenomena account for fluctuations in returns from farm
products. &11 farm products do not exhibit the same stebility of pro=
‘duction from year to year; the demands for some products are more
sensitive to changes in consumer incomses than are others. If we assume

that such characteristics of the rival production plana do not change
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much over time, we may expect the relative variability of returns from
the alternatives in the past to be & pood indication of their relative
variability in the future.

In the pages that follow characteristics of the frequency distri-
butions of returns from fifteen different livestock feeding systems for
the thirty-two year historical period are compared. These comparisons
are intended to indicate (a) the relative mean net income farmers might
expect from alternative opportunities in the future and (b) the reletive
uncertainty which will be assooiated with the alternatives in planning
future production. Thus it is hoped that these comparisons cen be used
in conjunction with the gambler indifference ourves of any livestock
producer in determining which of the alternative feed utilization systems
will provide him with the pgreatest satisfaction in his particular situ-
ation.

In order to place returns from different classes of livestock on a
comparable besis net reburns are expressed in terms of returns per §100
of costs. Returns per $100 of all costs were computed by dividing the
gross returns per unit of livestock by the total cost of producing one
unit (including imputed costs for interest, depreciation and family labor)
and multiplying the quotient by 100, Returns per {100 of feed and lebor
costs were computed in a similar way except that pross returns were
divided by feed and labor cost only, Returns per $100 feed costs were
calculated on the basis of feed cost only.

Averape returns and the variability of returns per §100 all costs

for the thirty-two year period of 1917 to 1948 are shown in Table 2,
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Table 2, Variability of returns per $#100 all costs for various 1

Dairy oows Feeder cattle
Medium~ Medium~ » Yearling steers
High  high  high  High High Medium High
Returns per $100 grain grain forage forage Feeder grain grain forage
all costs (a) (b) (o) (d) calves (a) (v) (o)
0= 19 - - - - - - - -
20- 39 - - - - 1 1 1 1
40~ 59 - - - - 2 1 - 2
60~ 79 - 1 1 1 4 6 6 3
80~ 99 9 11 14 16 3 9 6 6
100-119 13 14 17 16 12 6 7 9
120-139 9 8 - - 6 2 ) 2
140-159 1 - - - 4 6 3 4
160-179 - - - - - - 3 3
180~199 - - - - - - - 1
200~219 - - - - - 1 1 -
220=-239 - - - - - - - 1
Average returns 111 106 102 99 106 104 112 113
Variance 219 172 138 128 883 1388 1416 1873
Standard deviation 14,80 13.10 . 11.60 11.20 29,70 37,60 37.80 43,20
Coef, of var. 13.3 12.3 11.4 11.2 28,0 35.9 33.b 38.2
Range 67.3 45,6 40.3 38.6 118.1 186,6 183.2 196.6
X - 207 81,40 79.80 79,00 76.60 46,80 29.0 37.40 26.60
%+ 20 140.60 132,20 126,00 121.40  165.40 179,00 187.60 199.40
Maximum loss 18,60 . 20.20 21.00 23.40 58.40 71,00 62,60 173.40

Maximum gain 40.60 32,20 25,00 21,40 65,40 79.00 87.60 99.40







t per £100 all costs for various livestook feeding systems, 1917-1948.

Feeder cattle Hogs
Yoarling steers Dry lot hogs Pasture hogs
High Medium High 2+yr.- All Medium High All Medium High
Feeder grain grain forage old grain forage forage grain forage <forage
oalves (a) (b) (e) steers (=) (v) (o) (a) (b) (o)

- - - - 1 - - - - - -

1 1 1 1 - - - - - - -

2 1 - 2 2 - - 1 1 1 1

4 6 6 3 6 2 3 2 2 2 2

3 9 6 6 9 4 3 3 6 4 7

12 6 7 9 3 10 10 13 11 10 8

6 2 6 2 3 9 10 7 7 7 8

4 6 ) 4 5 4 3 5 4 6 3

- - 3 3 3 2 2 2 1 - 2

- - - 1 - 1 1 1 - 2 1

- 1 1 - - - - - - 1 -

- - - 1 - - - - - - -
106 104 112 113 103 122 121 118 114 122 116
883 1388 1416 1873 1498 732 736 716 663 1074 099

29,70 37.50 37.80 43.20 38.60 27.10 27.10 28.80 26,70 32.90 51.60
28,0 35.9 53.6 38.2 7.4 22.2 22.3 22.6 22.6 26.9 27.4
119.1 186,6 183.2 195.6 157.5 122.4 123.6 121.9 114.2 145.9 138.3
46,60 29.0 37.40 26,60 256.80 67.80 66,80 64.40 62.60 b56.20 51.80
166.40 179,00 187.60 199.40 180.20 176.20 176.20 171.60 166,40 187.80 178.20
53.40 71.00 62.60 73.40 74,20 52,20 33.20 35.60 37.40 48.80 48,20
- 65,40 79.00 87.60 99.40 80.20 76,20 76,20 71,60 65,40 87.80 78.20 .
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Variability of returns is expressed in terms of the variance, standard
deviation, coefficient of variation and range. In addition, the frequency
distribution, showing the number of years out of thirty-two in which
returns per 8100 of all costs fell in various intervals, gives an in-

dication of the skewness and kurtosis of the distribution.

Criteria for choice of feeding system

‘Before proceeding with an interpretatisn of the data in Table 2 the
appropriateness and limitation of the various measures used in the table
will be considered. The mean is used as the measure of central tendency
rether than the mode. On theoretical grounds the mode may be preferred
because it is the most typical value regardless of the symmetry of the
distribution; the meen,on the other hand, is distorted by extreme values
within the distribution and in the case of assymetrical distributions is
an unsetisfaotory measure of central tendency. The mean has the advan-
tage, however, of being more easily determined. Also, in the case of
symmetrical distributions it has the same value as the mode. The apparent
symnetry of the frequency distributions shown in Table 2 justifies the
use of the mean rather than the mode in these distributions.

The range is one measure of the absolute dispersion of values within
e distribution, Since its wvalue is determined by the high and low ex=-
tremes within an array, it is often distorted by an unusuel event at either
or both extremes.

The variance, a measure of the squared deviations from the mean,"

gives a good indication of the dispersion of e distribution based on all
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the observations. The square root of the variance, the standard de-
viation, is a more convenient measure of the dispersion. 68.27 per cent
of all randomly drawn observations from a symmetrical distribution will
lie within one standard deviation above and below the mean. The mean plus
and minus two standard deviations will include 856,45 per cent of all the
observations. Thus the standard deviation provides an estimate of the
probability of particular outoomes. If a distribution is skewed the per-
centages of observations falling within one or two standard deviations of
the mean will be chanped slightly,

Frequently it is desired to compare dispersions for different types
of date where a common denominator is needed. Relative measures of
variability are needed rather than absolute measures, such as the range
or standard deviation. One measure which is often useful 1s the coeffi-
cient of variation, which is obtained by dividing the standard deviation
by the mean and multiplying the quotient by 100, One difficulby with the
use of the coefficient of variation is that unless it is accompanied by
its mean and standard deviation it may be very misleading., It is mis=-
leading when abstracted from its mean and standard deviation because there
is then no way of knowing whether differences in its valus are due to

differences in means or in standard deviations.® Since returns from

8The misleading nature of the coefficient of variation is illus-
trated in the diagram at the right., The coefficient of varietion is the
ratio of the standard deviation of a distribution to the mean expressed
a8 & percentage. The coefficient of variation for each of the alternative
opportunities open to an entreprensur may be represented by points in a
plane, where the horizontal coordinate is the mean returns and stendard
deviations are representod on the vertical axis. Then all plans having
a common coefficient of variation must fall on a straight line going
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various livestock systems have already been placed on a comparable
basis by stating them in terms of returns per {100 of costs there is no

apparent advantage in including a comparison of the coefficients of

through the origin. Line CVy in the
diagram connects all points represent-
ing plens with a ratio of standard de-

viations to mean returns squal to the oV
slope of CV;. Similarly, the ratio of -
standerd deviations to mean returns for

all distributions represented by Line

CVy are equal to the slope of Line CVj,

If the coefficients of variation of £ .
alternative plans are considered apart g
from their means and standard devi- a

ations, all plans having identiocal e oV
coefficients of variation will be ocon- "

sidered equally attractive. If we now ¢ ) In
consider the diagram at the right as a .J

risk indifference map, similar to that %

in Figure 9, it is seen that the risk 3

indifference curves are straight lines

emanating from the origin, with the 0

flattest such line, the horizontal

axis, as the highest possible risk in- o
difference curve. This implies a know- vesn fetnrns

ledge about the nature of the risk ine

difference maps of individuals which cen hardly be verified. Moreover,

it implies similar risk indifference ourves for all individuals. It is
easily shown that such use of the coefficient of variastion is inconsistent
with our earlier hypothesis of the nature of the risk indifference map.
Curves I; and I, are two possible risk indifference curves for an indi-
vidual. The 1n§ividual is interested in finding the distribution having
the combination of mean returns and standard deviation falling on the
highest risk indifference curve. Of all the distributions having a
coefficicnt of variation represented by Line CVj, that distribution repre-
sented by Point P, and only that distribution, falls on indifference

Curve Ig. Point Q, which represents a plan having the same coefficient

of variation, falls on indifference Curve I, == a lower indifference
curve. Another individual heving a stronger aversion to risk taking (a
flatter indifference ocurve) might find Point Q on a higher indifference
curve than any other point on Line CVy. Thus the important difference
between the ebove use of the coefficient of variation and our conecept of
the indifference map desoribed earlier is that the former assumes a fixed
reaction to income varistion while the latter treats the attitude to
variability as a subjective value, different for different individuals.
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variation., The coefficients of variation are included in the table
primarily to show how they compare with the other measures of dispersion.

Skewness and kurtosis are other characteristios of the distribution
of possible returns with which we are concerned., Skewness, or the de=-
parture from symmetry, is important in this respect: if a distribution
is skewed the most probable and the median outcomes may be gquite different
from the mean outcome. If a distribution is positively skewed the mean
velue will be larger than the median; less than 34.13 per cent of the
values included in the distribution will be within one standard deviation
above the mean, while more than 34,13 per cent will be within one
standard deviation below the mean.

Kurtosis is ocharacterized by the flatness or peakedness of the
distribution neer the mean. A& positive kurtosis is characterized by an
oxcess of values near the mean and more distant from the mean with a
deficit in the intermediete areas., A negative kurtosis is charaoterized
by a flat topped distribution -~ one in which the probabilities of
moderate deviations are very high.

Skewness and kurtosis may both be measured. A measure of skewness is
provided by the third moment about the mean. The generally accepted
measure of relative skewness is the ratio of the third moment about the
mean to the cube of the standard deviation. Relative kurtosis is measured
by the ratio of the fourth moment about the mean to the square of the
variance,

A visual examination of the frequeney distributions in Table 2

sugprests that there is no marked skewness or kurtosis in any of the
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distributions., This observation is verified by the measurements of
these oharacteristics; they were found to he very smell in each case.
Thus each of the distributions can be treated as normally distributed.,
The means are then satisfactory measures of central tendency and the
standard deviations may be used as measures of dispersion,

In considering only the mean returns and the standard deviation of
returns when comparing the atiractiveness of alternative plans an impor=-
tant feature of an individual's attitude toward uncertainty may be
overlooked. It seems that a person's aversion to uncertainty is directed
primarily at the prospects of loss resulting from an unfavorable outcome.
To illustrate, suppose that an individual views the prospective outcomes
from a particular plan as having a distribution such as A in Figure 10,
and thet he views the distribution for e rival plan es that of B in the
figure. Distribution B exhibits considerably more dispersion than does
Distribution A, It also has a larger mean. The misgivings which an
individual may have about proceeding with either plan is due, we assume
here, to the distress he feels in contemplating negative deviations from
the mean, or most probable, outcome and not dus to the prospects of
positive dispersibn in the distribution of outcomes. Thus in comparing
two rival plans he might ask himself this question: "What is the most
unfavorable outcome I can expect from this plan as comparsd with the
least favorable outoome expected from the rival plan?" Suppose that he
considers the outcome two stendard deviations below the mean as the lowest
outcome which he is 1likely to obtain == he is 97.72b per cent confident

that no lower value will be obtained. These limits may be labeled Lyp
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and Lyp for distributions A and B in Figure 10. The relative level of
these limits topether with the means for each distribution may be the
criteria on which the choice between the alternative ventures is meds.
These limits may be expressed in another way when considering re-
turns per $100 of ocosts: +taking & return of 100 as a position of zero
rain and loss, the value of the Limit L1 subtracted from {100 defines

1

maximum loss associated with a plan. A new risk indifference map can

the mapnitude of loss at Position L,. This we shall refer to as the

be constructed in which the standard deviation is replaced by the
maximum loss on the vertical axis. In Diagram I of Figure 11 the two
rivel plans, A and B, whose distributions are shown in Figure 10, are
represented on an indifference map based on the standard deviation and
mean returns. In Diagram 11 these same plens are represented on an in-
difference map where the coordinates are meximum loss and mean returns.
The relative positions of tho pcints representing the two plans are
changed considerably in going from Diagram I to Diagram II. Curve I in
Miagram I is the indifference curve of an individual who considers Plans
A and B equally attractive from the standpoint of mean returns and
standard deviation of returns. Any individuel possessing a stronger
aversion to risk taking (i.e. a risk indifference curve having less
Slope) prefers Plan A, while individuals who are more indifferent to un-
certainty (expressed in terms of standard deviations) prefer Plan B.
When the two plans are compared in Diagram II, howsver, it is apparent
that the only individuals who prefer Plan A are the ones having a strong

affinity for suffering losses, Rational individuals would not have
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negatively sloping risk indifference curves based on these criteria since
negative curves express & preference for high maximum losses as well as
for low average returns (or most probadble returns).

It is possible that many individuals consider the probability of
obtaining very high gains es well as the chances of heavy losses in de~
ciding between alternative plans. They may consider returns greater than
two stendard deviations above the mean so unlikely that they ignore the
possibility of thelr occurrence ~-- they can be 97.725 per cent confident
that larger returns will not occur. Thus the meen plus two standard de-
viations may be considered the effective upper limit of values for &
distribution. These are labeled L,, and Lpg for distributions A and B
in Fipure 10, Considering roturns of {100 per $100 of costs as the
position of zero gain or loss, maximum gain may be defined as the differ-
enco between L, and {100, In Diagram III of Figure 11 the plans repre-
sented by Distributions A and B are indicated by points in a plane having
as coordinates the maximum loss and meximum gain., Again risk aversion
can be represented by positively sloping risk indifference curves. The
vertical Curve I" in Diagram III indicates complete indifference to the
possibilities of loss (i.e. maximum gain is sole basis for choice between
rival plans). A negatively sloping risk indifference curve eppears com=

pletely foolhardy and need not be considered.?

85 nepgatively sloped risk indifference curve (when dealing with
normally distributed populations, at least) means that a person prefers
a sltuation involving the prospects of high losses or low gaing to one
of smeller losses and higher pains.
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DPiegrams I, II, and IIT illustrate three of the possible bases for
choosing from among alternative plans. In many situations the solutions
provided by each of these methods of comparison will be identical; this
will ordinarily be true when dealing with normal distributions among
which the differences in means are small relative to the differences in
dispersion of outcomes. The possibility of contradiotory conclusions on
the basis of these three comparisons are clearly demonstrated in Fipure
11. |

1t 1s possible that some individuals compare rival opportunities on
the basis of the mean returns and some measure of the dispersion as in
Diagram I. Others may consider the mean returns in relation to the mag~
nitude of prospective losses as in Diagrem II, Still others may, as we
have sugpgested in Diagram IIL, consider the magnitude of possible losses
in relation to the size of pgains they consider possible. While the
process of selection may not consciously involve any of these criteria,
it appears that all are useful in indicating the relative attractivensess
of alternative plens to individuals possessing different attitudes toward
uncertainty. In the comparisons of the alternative feeding systems in

the pages that follow all three bases for comparison are used.

Comparison on basis of all costs

The information in Teble 2 provides two interesting kinds of com=
parisons: TFirst, returns from alternative retions can be compared for
each type of livestock. Second, returns for different kinds of livestock

may be compared. In each case comparisons can be made in respect to
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average returns over time and variability of returns. Differences in
averame returns and variability of returns per 3100 of all costs for

different rations fed each type of livestock are considered first.

Optimum dairy system. Average returns per {100 of all costs for

the four dairy feeding systems differ considerably., The cows fed the
high=grain rations returned an average of %}11 for each 100 of costs
over the entire period compared to only &95 returned per $100 of costs
for the cows on the high~forage ration. At the same time, each of the
measures of dispersion show that the variability of returns increased as
the proportion of grain in the ration increased. The standard deviation
of returns for the high-forage system was only 11l.2 compared to 14.8 for
the high=grain systeﬁ. Thus in determining which is the optimum feeding
system the higher mean returns for the high~grain system must be balanced
against the lower variability of returns for the high-forage systems,
Different individuals will balance these in different weys depending on
their own attitudes toward uncertainty. In many cases where both mean
returns and the variability of returns are larger for one plan than for
its rival no unique "best" choice éan be made. In Figure 12 each of the
deiry systems are represented by points in a plane where the vertical
coordinate measures the standard deviation of returns and the horizontal
axis measures the mean return per $100 of all costs. Curve Ib represents
an indifference curve for an individuval who considers dairy system a

(the high=grain system) equally as attractive as System ¢ ( the mediume

forage system). Anyone possessing e more steeply sloping risk indifference
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curve prefers System a. An individual having a risk indifference curve
such as Ia considers Systems d and ¢ equally attractive. Anyone having
o stronger aversion to risk taking (& more gently sloping indifference
curve) prefers System d.%

Comparison of the returns from the four dairy retions, however,
also shows that the mean returns for the high-grain system are suffi-
ciently higher than for the other systems that, despite the larger
variebility of returns, the probability of larpge losses from that system
1s lesa than for the less variable systems. 97.725 per cent of the
values of returns per {100 of all costs fell above the following levels
for the four systems: $81.40 for System a (the high-grain system),
$79.80 for System b (the medium-high grain ration), $79.00 for System ¢
(the medium=high forage system) and $76.60 for System d (the high-forage
system). Thus the meximum losses, as defined above, are $18.60, $20.20,
$21.00 and $23.40 respectively.

The four dairy systems are compared on the basis of maximum losses
end mean returns in Figure 13. The relative positions of the points
representing the four rations are changed from what they were in Figure
12, where the comparison was on the basis of standard deviations of
returns and mean returns. In Figure 13 Curve I' is the indifference

curve of an individual who is completely indifferent to the magnitude of

8The Lines Ia and Ib may, as an alternative, be viewed as forming
a boundary line or "opportunity" curve (dea) corresponding to Curve S in
Figure 9. All plans which caen be represented by points in the plane to
the left of and above Curve doa must be on a lower indifference curve than
sone alternative plan.
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loss possible, Only the unusval individual who enjoys dangerous invest=
ments would prefer any of the plans represented by points to the left of
Curve I', since they involve greater likelihood of loss and less possi-
bility of gain. Thus the comparisons in Figure 13 indicate that System a
is the most attractive of the four dairy systems; it lies on a higher
indifference curve (further to the right) than any of the other systems.
This holds true regardless of the degree of positive slope an individual's
risk indifference curve may have. The only individuals for whom it would
not be true are those having negatively sloped indifference curvess
faximum losses and maximum gains are used as criteria of choice in
the comparison of the four dairy systems in Fipure 14. The relative
positions of the points representing the different rations are quite
similar to those of Figure 13. Again any positively sloping risk ine
difference ocurves paseing through the points representing Systems b, c,
and d will lie to the left of one passing through ths point representing
System a. Since a negative sloping indifference curve is inconsistent
with our assumption of retionality System a may be considered the most

attractive of the four dairy systems.,

Optimum cattle feeding system. Similar comparisons of the five

feeder cattle systems are less conclusive. Afain the mean returns per
£100 of all costs as well as the variablility of returns differ from one
system to another. But which is the most attractive? First, consider
the three feed combinations fed to yearling steers. The steers fed the

largest amount of grain gave a mean return of $104 per $100 of all costs



76

compared to $112 for those fed the moderate-forage ration and $113 return
for those on the high~forage ration. The stendard deviations of returns
from each of these systems were $37.50, $37.80 and $43.20, respectively.
The intervals including the mean returns plus and minus two standard
deviations (including 95.45 per cent of the values in each distribution)
heve the following lower limits: $29.00 for the high~-grain system,
$37.40 for the moderate-forage system, and 26,60 for the high-forage
systems The upper limits are #179.00, 187.60 and 199.40, respectively.
On the bagis of the comparisons of standard deviations and mean returns
in Diagram I of Figure 16 the high~grain yearling steer system is pre-
ferred over the other two yearling steer systems only by individvals
having risk indifferences curves with less slope than that of dotted Line
Io, Curve 1b indicates indifference between the high-forage yearling
steer system and the medium~grain yearling steer system.

According to the comparison in Diagram II of Figure 15, involving
maximum losses and mean returns, and the comparison in Diagram III, where
maximum losses and maximum gains are the oriteria, the choice must be
between the high~forage ration and medium=-grain system, with Curves I'b
of Diagrem II and I"b of Diagram III indicating indifference between the
two systems.

Comparisons of the yearling steer systems with the feeder calf and
two year old steer systems are also included in Figure 15, The choice in
each case 1s between the high-forage yearling steer system, the medium-
grain yearling steer system and the feeder calf system, depending on the

slope of the risk indifferexe curve. Regardless of the degree of positive
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slope, (1in§ar) indifference curves passing through any of the points
representing these three systems will lie to the right of (be greater
than) those passing through the points representing the two year old
steer system or the high-grain yearling steer systems On the basis of
the oriteria of choice employed no unique "most attractive" feeder ocattle
system can be determined since "most attractive" to each individual de-

pends on his attitude toward uncertainty.

Optimum hog feeding system. The hop systems used in this analysis

consist of (a) three systems based on an experiment by the United States
Department of Agriculture involving different proportions of chopped
legume hay and grain fed in dry lot and (b) three systems of handling

hogs adapted from an Iowa experiment involving different proportions of
forape and grain fed hogs on pasture. Because these two experiwments

were conducted under such different conditions each set of feeding systems
'ia analyzed separately.

The three feeding systems involving different proportions of chopped
hay and grain fed in dry lot show remarkably smell differences both as to
moean returns per {100 of all costs and as to variability of returns.
Returns for the hogs on the high-grain ration (System a) averaged £$122
per $100 of all costs, for those on the medium-forage ration (System b)
the returns averaged #121, and returns for those on the high-forage ration
(System ¢) averaged $118 over the thirty-two year period. The standard
deviation of returns were $27.10, %27.10, and $26.80 respectively. If,

in choosing one from among these three hog feeding systems, only the
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standard deviation and the mean returns of sach are taken into account,
System & is clearly more attractive than System b. This is true since
the mean returns is larger for System a while the standard deviations of
the two systems are identical. Whether or not an individuval prefers
System & to System c¢ depends on his attitude toward uncertainty, since
the standard deviation as well as the mean is smaller for System c.
Diagram I of Figure 16 shows that an individuel having a risk indiffer=-
ence curve such as Ia is indifferent as to whether he follows System a
or System o. Anyone having a stronger aversion to risk taking prefers
System c¢. Those less cautious prefer System a.

A comparison of the dry lot hog systems on the besis of minimum loss
in relation to mean returns is made in Diagram II of Figure 16, The
relative position of the points representing the three feeding systems
indicates that any individual, unless he enjoys contempleting losses,
prefers System &« In Diagram III of Figure 16 the three hopg systems
are compared on the basis of maximum loss in relation to maximum gaine
Again any rational individual employing these criteria will choose System
a since any positively slopi:g indifference ocurve passing through the
point representing Systém a must lie to the ripght of the points repre-
senting Systems b and c.

The set of hog systems involving different proportions of pasture
in the ration show considerable differences in both mean returns and
variability of returns. The hogs on the high-grain ration (System a)
gave an average return of $114 per §100 of all costs; those receiving a

medium-forage ration (System b) returned an average of $122, and those
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on the high-forage ration (System ¢) returned an average of $115 per
$100 of all costs. The standard deviations of returns were 25,70,
$32.90, and $31.60, respectively. While the expected returns from
System e are considerably lower than for System b, some individuals may
prefer System a because of its lower variability of returns. Anyone
having a stronger risk aversion than that represented by Curve Ia in
Diégram I of Figure 17 prefers System &.

If the decision in choosing between alternative systems involves
the maximum loss associated with each rather than the standard deviation
the analysis is not much different from that above. As shown in Diagrem
II, System b is preferred by those who have less risk aversion than that
indicated by Curve Ita, while System a is preferred by those individuals
whose risk indifference curve is less steeply sloped than I'a, In
Diagram III of Figure 17 the comparison of the three hog systems on the
basis of maximum loss and maximum gain leads to & similar conclusion.
Either System a or System b will be preferred, depending on the slope of

the individualts risk indifference curve.

Optimum livestock system. In the above sections alternative forage

grain feed combinations have been compared with a view toward determining
the relative attractiveness of alternative feed combinations for a
particular type of livestock, Similar comparisons can be made to deter-
mine the relative attractiveness of different kinds of livestock. 1In
doing so two important limitations of such comparisons should be recog-

nized. Pirst, these comparlisons cannot take into account important
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enterprise relationshios. For most farm situations a single livestock
enterprise cannot make efficient use of aveilable resources; some com-
bination of livestock enterprises will ordinarily constitute the optimum
livestock program. In the second place, the data on which these com=
parisons are based do not take into account technical uncertainty. This
mey be very unimportant in comparing different rations for a partiocular
kind of livestock as differences in technical uncertainty maey then be
assumed to be small or unreleted to the composition of the ration., In
comparing different kinds of livestock such an assumption appears less
valid. Thess iimitations should be kept in mind in drawing inferences
from the following comparisons.

If unique solutions had been obtained in determining the "best"
feeding system for each kind of livestock these best systems could then
be compared on a risk indifference map. But different individuals may
consider different feeding systems most attractive depending on their
attitudes toward risk taking. All of the feeding systems for the three
types of livestock are therefore compared in determining the type of
livestock to produce. These comparisons are made on the basis of mean
returns per $100 of all costs and standard deviations of returns in
Figure 18, Comparisons in Figure 19 are on the basis of mean returns and
maximum loss. In Figure 20 the fifteen systems are compared on the basis
of maximum loss and meximum gain.

When all fifteen systems are compared on a plane involving the
standard deviations and mean returns six different systems may be oonside

ered the optimum choice, depending on the slope of the risk indifference
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curve, An individual having a risk indifference curve of less positive
slope than Ia in Figure 18 prefers deiry System d to all other livestook
feeding systems considered. Anyone having rislk indiffersnce curve with a
slope less than Ib but more than Ia prefers dairy System c¢s An individual
possessing more aversion to risk taking than that expressed by Curve Ic
but more than that expressed by Ib prefers dairy System a to all the other
livestock feeding systems. If an individual's risk indifference curve
slopes more than Ic but less than Id he prefers the dry lot hop System a.
A negatively sloped indifference curve falling betwesn Id and Ie indi-
cates a prefoerence for pasture hog System b. Only if his indifference
curve was negatively sloped less than Ie would en individual prefer the
yoearling steer System e¢. The remaining nine feedinpg systems would never
fall on as high indifference curves as some of these six systems regard=-
less of the slopes of indifference curves (i.0. unless the indifference
curves were non-linear).

The comparison of all fifteen systems in Figpure 19 on the basis of
maximun loss and mean returns reduces the number of possible "best"
choices to only four. ILine I'a indicates indifference between dairy
System a and dry lot hog System a. lore gently sloping positive curves
indicate & stronger risk aversion and a preference for dairy System a,
Line I'b indicates complete indifference to the magnitude of the maximum
loss and indifference between pasture hog System b and dry lot hog
System a. Only if an individual had a strong affinity for risking large
losses, characterized by a risk indifference curve having less negative

slope than I'c, would he prefer the ysarling steer System c.
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The comparisons in Figure 20 are based on the maximum losses and
maximum geain associated with each feeding systeme Here again either of
the same four systems may be considered most atiractive depending on the
degree of risk aversion & person has. Any linear indifference curve
passing through the points representing these four feeding systems must
lie to the right of indifference ocurves pessing through points repre-
senting any of the other eleven systems.

These comparisons suggest that most individuals prefer hog feeding
systems to other livestoock systems. Only persons with a strong risk
aversion profer dairy cows, and only people who are very indifferent to
uncerteinty or are foolhardy have a preference for feeder cattle. The
limitations pointed out earlisr, however, need to be kept in mind. While
no date were examined to determine the technical variability of pro-
duction for the different kinds of livestock, & priori knowledge of
technisal relationships in livestock production is to the effect that
physical harzards of production are considerably greater for hogs than
for dailry or beef cattle. If this is taken into acoount the relative
attractiveness of the hog feeding systems is diminished. Even so, many
farmers may still consider hogs the most attractive type of livestock
from the standpoint of probable returns relative to the uncertainty
associated with it but still raise considerable numbers of other kinds of
livestock; enterprise relationships may be such that a combination of
hogs with beef and/br dairy cattle gives the most satisfactory combin-

ation of mean returns and variability of returns.
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Comparisons on the basis of feed and labor costs

Net returns for the above comparisons were calculated in terms of
returns per %100 of all costs. Expenses connected with buildings and
equipment, including interest and depreciation, make up an important
part of that total cost. However, buildings and equipment often do not
involve any actual cost to the farm operator. For example, tenants are
ordinarily provided buildings by the lendlord.® Also, on meny farms
buildings and equipment have besen provided in & previous period; their
present use for livestock may involve no more expense than if they were
permitted to stand idle. Farmers in such situations are not concerned
with building and equipment costs.

Feed and labor costs account for nearly all of the costs of live-
stock production aside from the costs associated with buildings and
equipment needed for handlinpg the livestocks Thus many farmers are prie
marily concerned with feed and labor costs. In this section the reletive
attractiveness of investments in alternative livestoock feeding systems
is based on the frequency distributions of the returns per $100 of feed
and labor costs for eagh system.

The mean returns and the variability of returns per $100 of feed and
labor costs are shown in Table 3 for each of the feeding systems. Again
it eppears that for each class of livestock the variability of returns

is generally positively correlated with the mean returns. Both the

8The rent paid may include a charge for the buildings, but most
commonly rent is charged by the acre or on the basis of a share of the
crop. In any event, the amount of rent paid is ordinarily not dependent
on the use made of the buildings,.
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Table 3. Variability of returns per $100 feed and labor costs for var:

Dairy cows Feeder cattle
High Medium Medium High Yearling steors
grain high high forage High Medium High
Returus per $100 grain forage Feeder grain grain forage
feed & labor costs (a) (b) (o) (d) calves (a) (v) (o)
0= 19 - - - - - - -
20~ 39 - - - - - 1 - 1l
40=- 59 - - - - 2 - 1 1
60~ 79 - - - - K] b 1 1
80~ 99 2 3 5 4 3 b b 4
100-119 11 13 10 13 3 8 7 6
120-139 <] 9 14 12 11 5 6 7
140-159 8 7 3 3 6 1 4 1
160-179 2 - - - 3 5 2 3
180~199 - - - - 1 l 5 4
200~219 - - - - - - - 2
220-239 - - - - - - - 1
240~269 - - - - - 1 1 -
260279 - - - - - - 1
Average returns 128 122 117 117 120 118 131 136
Variance 410 300 234 227 1462 1914 2046 - 2766
Standard deviation 20.256 17.32 15.28 15.06 38,24 43,76 45.23 62,69
Coef. of wvar, 15.88 14.19 13.02 12.82 31.97 36.96 34.40 38,57
Range 82,87 - b6,32 b52.43 55,76 140.57 213.22 211.11 229,36
X-20 87.50 87,36 86.4¢ 86,90 43,52 30.60 40.54 30.82
X+20 168,50 166,64 147.56 147.10 196.48 205.50 221.46 241.18
Maximum loss 12,560 12,64 13.66 13.10 66,48 69.560 69 .46 69.18

Meximum gein 68,560 b6.64 47,66 47,10 96,48 105.650 121.46 141.18







$100 feed and labor costs for various livestook feeding systems, 1917-1948.

Feeder cattle -Hogs
Yearling steors : Dry lot hogs Pasture hogs
High Medium High 2e=¥r,- All Medium High All Medium High
Feeder grain grain forage old grain forage forage grain forage forage
ocalves (a) (v) (o) steers (a) (v) (o) (a) (b) (o)
- - - P 1 - - - - - -
- 1 - 1 - - - - - - -
2 - 1 1 1 - - - - - -
3 6 1 1 2 1 1 1 2 1 1
3 b 6 4 6 1 1 2 1 2 3
3 8 7 6 7 6 4 7 13 9 10
11 5 6 7 3 10 12 8 5 6 4
6 1 4 1 4 4 4 7 4 3 6
3 5 2 3 4 6 6 3 3 4 1
1 1 5 4 1 1 2 3 4 2 4
- - - 2 1 3 2 1 - 3 2
- - - 1 2 - - - - 2 1
- 1 1 - - - - - - - -
- - - 1 - - - - - - -
120 118 131 136 129 142 142 139 131 144 138
1462 1814 2045 2766 1926 11569 1139 1036 1086 1778 1646
38.24 43,76 45,25 52,69 43.88 34,06 33.756 32.19 32,19 42,17  40.57
31.97  36.96 34,40 38,57 33,94 23,96 25,74 23.18 24,63 29.27 29.28
140,67 2135.22 211,11 229,356 170,47 140.82 142,76 140,81 146,31 169,62 163,15
. 45,52 50,60 40.54 30,82 41,24 78.90 T74.50 74.62 66.62 69,66 56.86
196,48 206.50 221.46 241,18 216.76 210,10 209,50 203.38 196,38 228.34 219.14
56,48 69.60 59.46 69,18 658,76 26,10 25,50 2b.48 33,38 40.34 43.14
96,48 105,60 121,46 141.18 116,76 110.10 109.50 103.38 96.88 128,34 118,14
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means and the dispersions for each of the distributions are larger than
their corresponding values in Table 2, where all costs were considered.
But, just as in Table 2, the frequency distributions show remarkably
symmetrical dispersion about the mean. Computed measures of skewness and
kurtosis also indicate that the values are spproximeately normally dis-
tributed in eamch case.

The relative attractiveness of the alternative feeding systems may,
as before, be compared on the basis of the following oriteria: (a) the
mean return relative to the standard deviation of returns, (b) the mean
return relative to the maximum loss, and (o) the maximum gain relative
to the maximum loss. These comparisons are shown pgraphically in Fipures
21, 22 end 23, All fifteen systems are represented on each indifference
maps The solid lines represent the possible highest indifference curves
between different feeding systems for a given type of livestock. The
broken lines represent the hipghest indifference curves between types of
livestock.

The comparisons in Figure 21 are on the basis of mean returns and
the standard deviations of returns per #100 feed and labor costs. The
choice between alternative deiry feedinpg systems is not clear cub; it
depends on the nature of an individuelts indifference mep. Those whose
risk indifference may be represented by solid Line Ia are indifferent as
to whether they follow dairy System &, System b, or System d; each of
thess are slightly preferred to System c. Those possessing indifference
curves more gently sloping than Ia prefer System d; those whose indiffer-

ence ourves are characterized by a slope greeter than that of Ia prefer



Fig. 20 Maximum loss and maximum gain for alternative livestock systems.

Fig, 21 Standard deviations and mean returns per $100 feed and
labor for alternative livestock systems.
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System a.

Of the five feeder cattle systems considered, it eppears, according
to Figure 21, that any of the systems except the yearling steer system
involving a high=grain ration (System & ) may be the optimum system, de=
pending upon the slope of an individual's indifference curves. The
feeder calf system appesls to those who have very strong aversion to
risk (in terms of standard deviation), while the yearling steers fed the
high-forage ration (System c)are most attractive to individuals who are
primarily concerned with the mean returns and are quite indifferent to
the amount of variation in returns associated with alternstive invest=-
ments.

The six hog systems ere also compared in Figure 21 on the basis of
mean returns and the standard deviation of returns. Of the three dry
lot systems, System b (moderate forage) is preferred to System a (high
grain) by all except those who are completely indifferent to the magni-
tude of the standard deviation. The mean returns are identical for the
two systems butthe standard deviation about the mean is slightly smaller
for System b. Individuals possessing very pently sloping indifference
ourves (less than Ib) prefer dry lot System ¢ to either System a or
System b, Of the pasture hog systems, the cholce is between System a
and System b. When all six systems are considered together the optimum
may be dry lot System b, dry lot System ¢, or pasture System b, depending
on the slopeof an individual's indifference ourves.

The comparison of all feeding systems in Figure 21 shows that five

of the fifteen systems are possible optima. Individuals possessing



90

indifference curves flétter than Line Ia prefer dairy System d to all
other feedinp systems considered. For individuals having indifference
curves with slopes between that of Ia and Ih deiry System a is preferred.
If the indifference curves fall between Ih and Ic dry lot hog System b
anpears most attractive. Pasture hog System b is the optimum for in-
dividuals whose indifferenée curves are steeper than Ic. Only if an
individualts indifference curves ars negatively sloped and flatter than
If will he prefer yearling steer System ¢ over alternative livestock
systems. On the basis of these comparisons all of the other ten systems
must lie on lower indifference curves than one or another of ‘the above
five systems, regardless of the slope of an individual's indifference
curves. |

The comparisons of feeding systems in Figures 22 and 23, on the
basis of maximum loss relative to mean returns and on the basis of
raximum loss relative to maximum gein, yields results only slightly
different from that given by the coﬁparisons in Figure 21. One impor-
tant difference is found in the comparison of dairy systems. Where
Figure 21 showed that some individuals might be indifferent as to
whether they followsed Systems a, b, or d while others might prefer either
System d or System a to all others, Figures 22 and 23 show System a to be
clearly more attractive than any of the other dairy systems.

The relative attractiveness of alternative feeder cattle systems does
not appear much different in Figures 22 and 23 than in the previous com=
parison. Any one of the five systems except the yearling steers fed the

high=grain rationis a possible optimum.
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A fow differences from Figure 21 appear in the comparison of hop
feeding systems. Of the dry lot hogs, Figures 22 and 23 show that
System ¢ cannot be an optimum. The comparisons in Figures 22 and 23
of pasture hogs shows that pasture hog System ¢ may be an optimum only
for individuvals having negatively sloped indifference curves, Such curves
are conceivable for Figure 22, where the criteria are mean returns and
maximun loss, only if an individual associates the possibility of extreme-
- 1y high returns with the possibility of high losses. In the comparisons
of Figure 23 a backwerd sloping indifference curve is inconceivable ex-
cept for someone completely foolhardy.a Where all six hog feeding systems
are considered, either dry lot System b or pasture System b are preferred.

Only four of the fifteen feeding systems considered are possible
optima according to the comparisons in Figures 22 and 23. The optimum
may be, in order of decreasing risk aversion (increasing slope of in-
difference curve), as follows: (1) dairy System a, (2) dry lot System b,
(3) pasture System b, and (4) yearling steer System c, At least one of
the linear indifferencs curves passing through the points representing
these four systems must lie to the right of the points in the planes

representing the other eleven systems.

Comparison on the basis of feed costs only

In computing costs for the above comparisons the value of labor

85ince we are dealing with normally distributed populations, an
individual who prefers a venture involving higher maximvm losses and
lower maximum gein to another venture promising lower maximum losses and
higher maximum sains prefers, in effect, a lower to & higher inocome.
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used was imputed at the going wage rate (average annuel daily ware
rate, without board). On many farms, however, labor costs do not
represent an actual outlay of cash; often only family labor is used.
Where no alternative employment opportunities exist the imputed value of
labor may be considerably higher than the value placed on the labor by
farm opsrators. Farmers in such situetions may be willing to handle
livestock even though the returns to labor are very low; they may be more
concerned with returns to other resources. In this section albternative
feeding systems are compared on the basis of characteristics of the
frequency distributions of their returns per $100 of feed oostsf

The mean returns per $100 of feed costs over the thirty-two year
period end their dispersions are shown in Table 4 for each of the feeding
systems being considered. The mean returns for each system are con-
siderably higher than their corresponding values in Tebles 2 and 3, with
the largest increases in mean returns occurring in the case of the dairy
systems. This is to be expected since labor requirements are relatively
higher for da;ry cows than for feeder cattle and hogs. The variability
of returns is larpger for each of the distributions than when all costs
or feed and labor costs are considered. Agein, the symmetry of each of
the distributions is evident. Tests of kurtosis and skewness also in-
dicate that each population is approximately normally distributed.

The relative attractiveness of the alternative feeding systems is
compared on the basis of standard deviation of returns relative to mean
returns per $100 of feed costs in Figure 24, In Figure 25 the comparisons

are made on the basis of maximum loss relative to measn returns, and in
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Teble 4. Variability of returns per £$100 feed for various livesto

Pairy cows Feeder oattle
Medium~ Medlum=~ Yearling steors
High high high High ‘ High Medium Eigh 2w
Returns per $100 grain grain forage forage Feeder grain grain forage o
feed costs (a) (p) (o) (a) calves (a) (v) (o) st
0- 19 - - - - - - - -
20~ 39 ' - - - - 1 - 1
40- 59 - - - - 1 - 1 1
80~ 79 - - - - 3 4 - 1
80~ 99 - - - - 4 5 6 3
100-119 - - - - 2 5 2 5
120-139 3 4 5 2 7 7 9 7
140-159 3 3 3 4 6 3 3 2
160-179 4 8 7 4 8 1 3 3
180-199 7 4 6 7 2 5 3 4
200-219 5 4 6 6 1 - 2 1
220-2389 - 2 1 1 - - 2 2
240-269 4 4 3 2 - - - 1l
260-279 4 1 2 2 - 1 - -
280~-299 1 1 - 2 - - 1 1
300=-519 1 - - 2 - - - -
Average returns 205 193 189 206 134 128 144 144 1
Varianoe 2406 1877 1720 2472 1670 2346 2611 3189 272
Stendard deviation 49,06 43,33 41.47 49,72 40,87 48,43 51.089 56,47 £
Coef, of var. 23.88 22,40 21.98 24,13 30.60 37.93 35,39 39,18 k
Renge 183,63 159.74 147.687 182,35 164,32 238,27 238,89 245,84 é
£ .20 108,80 106.34 106,08 108,56 §2.28 31.14 41.82 31,08 d
£4+20 303,10 279,68 271.94 307.44 . 215,74 224,86 246,18 256,94 24
Maximum loss -6,90 -8,3¢4 -6,08 -6,58 47.74 68.86 68.18 68,94 ¢

Maximum gein 203,10 179.66 171,94 207.44 116,74 124.86 146,18 166,94 1«







ns per $100 feed for various livestock systems, 1917-1948,

115,74 124,86 146,18 156,94 140.48 141,62 143,78 139.36

Feeder oattle Hogs
Yoarlingz steers Dry lot hogs Pasture horgs

High Medium EHigh 2~yr.~ 41l Wedium High All Medium High
Feeder grain grain forage old grain forage forage grain forage forage

calves (a) () (o) steers (a) (b) (o) (a) (v) (o)

- - - - 1 - - - - - -

- 1 - 1 - - - - - - -

1 - 1 1 1 - - - - - -

3 4 - 1 1 1 1 1 1 1 1

4 5 8 3 3 1 1 1 1 1 1

2 5 2 5 7 1 1 1 7 4 4

7 7 9 7 3 8 ] 9 8 6 9

8 3 3 2 6 8 5 5 b 7 3

6 1 3 3 4 4 6 6 3 2 3

2 5 3 4 1 2 2 3 3 2 3

1 - 2 1 1 3 3 3 4 4 2

- - 2 2 2 4 4 3 - - 5

- - - 1 i - - - - 3 2

- 1 - - - - - - - 2 1

134 128 144 144 136 160 162 189 146 166 162

670 2346 2611 3189 2729 1681 1672 1614 1457 2790 2709
40,87 48,43 51,089 56,47 52,24 40,76 40,89  40.18 38.17 52,82 62,06
30.60 37,983 35,39 39,18 38,60 26,46 26.21 25.26 26.18 31.82 32,04
164,32 238,27 238.89 246,84 234,04 166,79 169,83 168,97 146,31 207.10 202.37
- 62,28 31,14 41.82° 381,08 31.52 78.48 80,22 78,64 69.66 62,36 57,90
216,74 224,86 246.18 256,94 240.48 241,52 243,78 239.36 222,34 269.64 266.10
47,74 68,66 68,18 68,94 68,48 21,62 19.78 21.36 30.34 37.64 42,10

122,34 169.64 166.10
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Figure 26 the systems are compared on the basis of minimum losses rel-
ative to maximum geins.

By disrepgarding labor costs the relative attractiveness of the
different feeding systems is altered considerably. One important con-
sequence is the change in relative position of the alternative types of
livestocks. The dairy systems appear considerably more attractive than
the other feedinp systems when only feed costs are taken into account,
This holds true even for individuals who are completely indifferent to
the amount of uncertainty (in terms of standard deviations of returns
or maximum losses). The only persons who consider feeder cattle or hogs
more attractive than dairy cows are those having unusually high prefer-
ences for risk taking.

The positions of alternative feeding systems for a particular kind
of livestock relative to each other are also affected by disrepgarding the
cost of labor. In the cese of dairy cows, the position of the high-
forage ration (System d) is enhanced considerably. According to the com-
perisons in Fipure 25 and 26 System d is considered superior to other
dairy systems by livestock producers having less risk aversion than that
indicated by Lines I'a or I"a. lMore cautious individuals prefer dairy
System a.

The positions of the alternative feeder cattle systems to each
other are changed only slightly by disregarding labor costs. The most
significant change among the feeder cattle systems is the less favorable
position given two year old steers. The possible optima choices among

the five feeder cattle systems ars reduced from four to three when the
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comparison is made on the basis of mean returns reletive to the standard
deviation of returnsy the possible optims systems are reduced from four
to only two when the comparison is on the basis of mwaximum loss rel-
ative to mean returns or maximum loss relative to maximum gain.

Anelysis of the relative attractiveness of investments in alter=
native hog feeding systems is umaffected by considering only feed costs
rather than feed and labor costs or all costs. The opbimum hog system
remains either pasture System b or dry lot System b, depending on the
individval's attitude toward income wariability.

Limitations of analysis

In the above analysis the probability distributions of returns from
alternative feeding systems have been compared in an attempt to deter-
nine which feeding system offers the most desirabls investment oppor-
tunity. Certain limitations of this analysis which need to be empha-
sized are: (a) the inadequacy of historical probebility distributions
in assessing the uncertainty of income from alternative ventures, and
(b) the inappropriateness of the assumption that a particular system is
followed consistently year after year,

The frequency distributions for each feeding system used in the
apnalysis were for an historical period. In meking plans for fubture pro=-
duction these can only serve as rough guides of the future outcomes. The
probability distributions viewed by a producer must necessarily be sub-
jectively determined. The influence of past relationships in establishe

ing the probability distributions viewed by individusl producers inea
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situation of true uncertainty is not known and is likely to be quite
different for different individuels. Use of the historical populetion
in determining optime feeding systems was based on the assumption that,
while the level of returns expected in the future might be quite
different from the average over & previous period, the ordering of mean
returns and of measures of dispersion will bear a very close resemblance
to their past relative values. In some of the comparisons, it may have
been noted, the differences in mean values or in measures of dispersion
among the feeding systems were slight. Bearing in mind that these values
are merely bases for subjeotive evaluation of the relative positions of
the alternative plans for the future, it is doubtful that the probability
distributions actually visualized by the producer in formulating future
plans would in each case carry over with precision the same ordering of
mean incomes and veriability. Thus the historical probabilities must be
viewsd as only crude indices of the relative values of the various
characteristics of the probabllity distributions upon which plans for
future production are based., One must be cautious, therefore, in con-
cluding that a particular system is consiﬁered more ettractive than
another by an individual, especially when the calculated values of the
historical populations being compered differ only slightly.

The assumption that a particular feeding system is to be followed
consistently through time was useful in simplifying the comparisons but
is not altomether realistic. Farmers need not follow the seme system
year after year. They may alter the proportion of forage in the ration

from time to time. Also, there is often some opportunity to shift from
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one kind of livestock to another from one year to the next.

Adjustments in the ration fed to a particular type of livestock are
usually quite easily accomplished. The deiry ration, for example, can be
changed frequently during the year in accord with chenges in relative
prices of feeds. In cattle fattening somewhat less flexibility may exist,
depending to some extent upon the system of handling and type and grade of
feeder. High quality cattle beinp fed on a high grain ration offer
little flexibility; it will seldom be profitable to shift such cattle to
a ration containing more forage, and the time at which to sell the
cattle is determined, within e rather narrow range, once the cattle are
put on full feed. Calves or young steers on a ration containing con-
siderable forage, on the other hand, permit more turning points, De-
cisions as to when to finish these for market may be delayed awaiting
more certain expectations; thus several changes in the production plan
can be made during a single production period,

Changes in the feeding system for a particular kind of livestock
from year to year are usually very easily accomplished. Tho size and
grade of cattle purchased, the ration fed, and length of time kept on
hand can be varied from year to year without important changes in
facilities. Similarly,chanmes in methods of handling hogs and milk cows
are very easily changed from year to year,

Changes in the type of livestock fed are ordinarily less easily
accomplished. Specialized facilities and special skills are often re-
quired for each type of livestock. Once investments have been made in

a dairy herd and dairy buildings and equipment, for example, these
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investments cannot be recouped except as consumed in dairy production,
since these facilities may not be suitable for feeder cattle or hog
production. It is possible, of course, to plan facilities to permit
greater flexibility between enterprises. Ordinarily, the more suited
facilities are for a particular type of livestock, the less flexible is
their use. Flexibility will often be achieved at the expense of some-
what less efficient production for any one enterprise (39, pp. 14, 168,
240-257),

Thus, while declsions concerning the type of livestock to feed
involve expectations over considerable lengths of time, decisions as to
the feed combination to feed a particular kind of livestock need be made
to cover only a relatively short period of time, and plans can be re-
vised frequently to take mccount of new information regarding prices and
costs., As the period of time involved (between the time a decision is
put into effect and when results of that decision are reslized) is
shortened, the degree of uncertainty (in terms of the deviation of actual
outcomes from the expected) will ordinarily be reduced. If this is true,
the degree of uncertainty assigned to each feeding system in the occm-
parisons in Tebles 2, 3 and 4 exaggerate the degree of uncertainty
actually associated with alternative ventures. However, unless the
amount of flexibllity inherent in each of the feeding systems is
different, the ordering of the "degrees of belief" concerning the possible
outcomes may still be no different than that indicated by the above

enalysis of the historical data.
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Effect of Capital Limitations

Up to this point in the anmlysis nothing has been said about the
availability of capitel. The assumption was implicit that adequate
capital was available to invest in any of the fifteen rival feoding
systems. Actually, many farmers are faced with a shortage of savings
and inability to borrow as much capital as they would like. 1In this
seobtion some of the effects of limited capital on the optimum livestock
system are examined.

As & farmer's borrowed capital incremses reletive to his assets
lenders tend to view additional loans to him as inoreamsingly "risky".
The uncertainty as to returns forthcoming from the use of additional
capital as well as the uncertainty as to the responsibility and
integrity of the borrower take on more importance as the possibility
of collecting the entire amount of the obligation from the collateral
seems less certain. One possible way for the lender to deal with this
situation is to increase the rate of interest charged. This should have
the dual effect of discouraging further borrowing and compensating for
the edded risk. If the lender deals with the situation in this way the
farmer may still borrow additional money as long as the marginal value
produoctivity of the capltal exceeds the marginal cost. No capital
rationing is involved in such a case.

Another manner in which the lender may react to the more unfavorable
position of the borrower is to refuse to make additional loans to him.
This is frequently done. Many farmers find themselves in a position

where 1t is impoasible for them to obtain edditional cepital. Farmers
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in this position may make an optimum selection of livestock systems
quite different from that of farmers having adequate oapital.

A livestock producer having a large accumulation of savings or
having access to an unlimited amount of capital at a piven rate of
interest makes the optimum allocation of ocapitel by investing in each
enterprise up to the point where the marginal returns equel the inbterest
rate, providing he has perfoct expectations. In the usual cmse, where
uncertainty is involved, such an individual would stop short of the
point where marginal cost equates marginal revenue; how far short of
that equilibrium depending upon his attitude toward uncertainty end the
uncertainty he associated with the various ventures. That is, a live=-
stock producer may impose capital rationing on himself (in the sense of
restricting capital investments below their ex post equilibria ) because
of uncertainty. In general, the more precarious his financial position
(the greater the proportion of capital is borrowed capitel) the more
severe will the self imposed rationing be. That is to say, the lower
his equity, the stronger his risk aversion.

The farmer faced with a severe shortage of capital and inability
to borrow additional funds must necessarily restrict his investments in
various livestock enterprises to less than the expected equilibrium. In
allocating the scarce capital among alternative opportunities he is still
guided to some extent by the uncertainty he associates with each rivael
venture and also by the expected returns he visualizes from investments

in each,.

In the absence of uncertainbty the optimum adjustment for a farmer
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faced with capital rationing is to equate the marginal returns to capitel
from all investment opportunities open to him (this would be at a rate
somewhere above the interest rate). The presence of uncertainty may not
cause such a farmer to reduce his total investment, as would be expected
for the farmer having adequate capital; rather, the adjustment made to
uncertainty is likely to involve a reduction in investments in ventures

considered more uncertain and an inorease in the investments in the more

certain ventures.
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SUMMARY AND CONCLUSIONS

Farmers, and others interssted in agricultural programs and policies,
are concerned with the question of what is the most profitable forage
acreage to produce. The most profitable forage acreage for any individual
farmer is dependent on (a) the relationship of forage to grain in crop
‘production and (b) the relationship between forage and grain in live-
stock feeding. This investigation focuses on the relationship between
forage and grain and the problems involved in forage utilization through
livestock feeding.

The specific objectives of the study are: (a) to indicate some of
the alternative possibilities for increasing forape consumption by live=
stock, (b) to evaluate alternative feed utilization systems with respect
to potential returns and variability of returns, and (c) to suggest
oriteria for determining the optimum forage~pgrain feed combinations in
feeding livestock for individual farmers in different situations, with
special emphasis on the basis for choice in a setting of uncertain market
expectations.,

In e static setting the oriteria of choice between alternative forage=~
grain feed combinations is that the marginal rates of substitution between
forage and grain equal the inverse of their price ratios; or, where feeds
produced on a farm are used entirely for livestock production, the least
cost combination is that which equates the marpinal rate of substitution
of forage for prain in livestock feeding with the marpginal rate of

substitution of the two feeds in orop production.
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Previous empirical research, as well as production economic logic,
indicates o diminishing marginal rate of substitution between forage and
grain in livestock production. The following substitution relationships
between forage and grain have boeen found for various classes of live-
stock:

e. Dairy cows producing 8500 pounds of 4 per cent fat corrected
milk were found to substitute forape and grain according to the following
production contour:

=( 8500 ) 25
356K,

where X3 is the pounds of forage fed and X, is the pounds of grain fed
per cow to achieve an annual production of 8500 pounds of milk.

be Good to choice feeder steers fed to a good to choice finish were
found to produce one hundred pounds of gain with various combinations of

forape and grain indicated by the following iso-quant:
2

ce The product conbtour for one hundred pounds of pork production

was estimated to be:
- 2
Xa - 32705 - .5113}[1 L 000423}(1 .

d. The product contour for production of one hundred pounds of

prime or choice lamb on feeder lambs was estimated as:

2 2 Y
X, = 2:3118 - .0037%1-[(2.5118 = .0037%1)° ,021176%1 - .000031X] = 5.4267)
014792
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The lemst cost feed combination is easily found by equating the inverse
ratio of forage prices to grain prices with the tangent to each of the
gbove iso~quants.

The above analysis fails to teke into account thq time variable.

As forage is substituted for grain the length of the feeding period re=-
quired to obtain a given livestock output may be lengthened. In ex~
tendinpg the analysis to inelude the effeot of timing of production,
costs and returns from several discrete livestock feeding systems were
derived by budgeting technique end compared.

Costs and returns for each of thirty-two years (1917-1948) were
estimated for (a) four different feed combinations for dairy cows,

(b) five systems of handling feeder cattle, and (c¢) six feed combinations
for hogs. All systems are representative of feeding systems which are
either common in the corn belt or offer possibilities for forapge utili-
zation under corn belt conditions.

In order to simplify comparisons between classes of livestock, re-
turns were measured in terms of returns per 3100 of costs., Computations
vere made on the besis of (a) returns per %100 all costs, (b) returns per
%100 feed and labor costs, and (e¢) returns per 5100 feed costs. Compar=
isons on the basis of feed and labor costs only are applioab;e in the
many situations in which buildings and equipment are provided at no cost
to the farm operator. Comparisons on the basis of returns per $100 of
feed costs only are appropriate where labor has no alternative profit-
able employment opportunities.

In choosing between alternative feeding systems it is assumed that
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livestock producers are guided by (a) their expectations regarding the
probebility distribution of future returns from each system and (b) their
attitudes toward risk taking. While expecotations regarding uncertein
events must be subjectively determined, it is assumed here that various
characteristics of the historical frequency distributions of returns from
alternative ventures ars helpful in ordering the relative attractiveness
of the alternatives.

First, alternative plans are compared on the basis of mean returns
over the thirty-two year period and the standard deviation of returns.
Generally, the higher the mean returns for a feeding system the higher
the veriability of returns. Where this is true no unique "best" system
cen be determined; the system appearing most etiractive to e particular
individual depends on the intensity of his aversion to risk taking
(i.es the nature of his indifference map between standard deviation of
returns and mean returns). In general, rational individuels will prefer
e plan with a low variability (standard deviation) to a rival plan
offering the same mean returns but with greater variability. But the
extent to which individuals are willing to sacrifice mean returns (or
total returns over time) in order to secure less variebility of returns
is different for different individuals, depending on such things as
previous experience, educational background, finencial position, and
personality traits,

An alternative criterion of choice between rivel feeding systems is
the maximum loss relative to mean returns associated with the alternatives.

Maximum loss is defined as the level of net loss given by the mean return
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minus two standard deviations., Amein, no unique solutions are found
unless a single feeding system has higher mean returns as well as a
Jower maximum loss associated with it.

A third criterion of choice is the meximum loss relative to the
maximum gain associated with alternative plans, where maximum gain is
defined as the level of returns two standard deviations above the mean.

The employment of the three criteria of sslection, while it does
not lead to determination of unique best feeding systems, narrows down
the number of systoms which might be optimum. The best choice for any

one individual can be determined only as the nature of his risk pre-

ference is known.
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BASIC TATA USED IN COMPUTING COSTS AND RETURNS

FROM VARIOUS LIVESTOCK SYSTEMS

Bstimates of physicel date for computing costs and returns from
alternative livestock systems were obtained from published and umpublished
results of studies conducted at the Iowa Experiment Station, the U, S.
Department of Agriculture and several other agricultural experiment
stations. In some cases the various sources differed considerably in
their estimates of input requirements; the estimates usod were the ones
which in the judgment of the authors most nearly represented requirements
under present corn belt conditions. The date used and the method of
computation followed in deriving the annual cost and returns estimates

for each livestock system are described in the following sections.,

Costs and Returns from Alternative Dairy

Cow Feeding Systems

Each of the four dairy cow feeding systems considered in this study
are based on the study by Einar Jensen and others (25, p. 80) of the
United States Department of Agriculture. System (&) corresponds to level
of feeding 13, System (b) corresponds to level of feeding 9, System (c)
corresponds to level of feeding 5, and System (d) is representative of
level of feeding 1, as discussed in Table 27 of Jensen's publication.

Costs of production per cow were considered to be the same for each
system of handling except in resbeot to labor and feed costs. A summary

of the costs included in the computations follows, WMiscellaneous costs
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(including grinding, veterinary expenses, cow testing association dues,
supplies, and repairs), were based on estimates given in an Iowa study
(2). The fipure $6.93 was used as the miscellaneous cost per cow for
the year 1948. This was adjusted for the other years (1917-1947) by the
index of prices paid by farmers for supplies.® The investment in silo,
fences, and buildings per cow were also based on Iowa Experiment Station
Research Bulletin 278, The figure %234.14 was used for 1948. This was
adjusted by the index of building costs® for each of the other years.
Interest on this investment was computed on the basis of 4 per cent.
Depreciation was figured at 3 per cent,

Investment requirements per cow in dairy equipment (including
milking machine, separator, and miscellaneous equipment) was figured at
$12,09 for 1948 and adjusted by the index of farm machinery costs® for
the preceding thirty-one years. Interest and depreciation on dairy
equipment were each computed at 6 per cent.

The annual Iowa average price of good mwilk cows was used as the ine
vestment per cow in dairy cows each year, Replacement stock was figured
on the basis of one-third of a calf and one-=third of a yearling per cow,
with a total value of 20 per cent the value of a dairy cow. The value of

the bull per cow was computed at 10 per cent of the value of the cow (2).

®Index of prices paid by farmers for equipment and supplies used in
production, United States (47).

Prndex of prices paid by farmers for building materials other than
for houses, United States (47).

®Index of prices paid by farmers for farm machinery, United States
(a7).
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Interest on the investment in cow, bull, and replacement stock per cow
was figured at 6 per cent,.

Labor requirements wvaried with the feeding system on the basis of
milk production (2). The emount of labor required for handling the bull,
replacement stock, and calves sold were figured at 6 days per cow for
each system (6). The total days of labor required for each system (see
Table 5) were multiplied by the Iowa annual average daily wage rate
(without board) (8) to get labor costs per cow.

Feed inputs also varied with different systems, as shown in Table 5.
Grain costs were computed by multiplying grain fed per cow under each
system by the price of zorn the preceding October (8). Hay costs wers
found by multiplying the tons of hay fed by the price of alfalfa hay the
preceding November (8). An annual pasture charge per acre was computed
on the basis of annual cash rents and crop yields. These pasture charges
were then applied to the acres of pasture used per cow. Costs for pro-
tein supplement vere based on the price of cottonseed menl the preceding
December (8).

Gross returns from dairy cows include returns from butterfat pro-
duced, the value of skim milk produced, the value of calves sold, and the
gain in value of replacement stock. The gain in value of the replacement
stock per ocow for each system was estimated as 25 per cent of the value of
one deiry cow. Bsef produced (calves sold) was estimated on the basis of
200 pounds of beef sold annually per cow for each system. The Iowa farm

price of medium grade feeders in October® was used to get the annual value

aMonthly averape at Chicago adjusted for transportation and commission
costs (48).
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Table 5. Quantities of various resourcess used per cow under
alternative feeding systems.®
Dairy cow feeding system

Item (a) (b) (e) (d)
Labor, days 20,0 19.3 18.3 17.6
Grain, bu,b 105.1 73.0 40.8 8.7
Hay, tonsP 1.1 2.8 3.2 3.2
Pasture, acres <44 44 1.21 1,53
Protein, supplement owt. 3.66 3.45 3415 2.5

8Feed requirements ere based on

Jensen (25, p. 80). System a corres-

ponds to level of feeding 13, System b corresponds to level 9, System ¢

corresponds to level 6, and System d

bIncludes cow feed plus bull and

corresponds to level 1.

young stock feed per cow.

Table 6. Production of butterfat and skim milk per cow for specific
dairy cow feeding systems.®
Dairy cow feeding system
Product (a) (b) (e) (d)
Butterfat, 1bs. 399 374 323 258
Skim milk, cwt. 99.8 93.5 80.1 64.0
8Source of date was study by Jensen (25).
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of beef produced for sals. The annual production of butterfat and skim
milk per cow was different for each system (see Table 6). The pounds of
butterfat per cow was multiplied by the annual averare price of butter-
fat in Iowa (8). The value of skim milk was figured on the basis of one

hundred pounds of skim milk being worth 12 per cent of the price of a

bushel of corn.

Costs and Returns from Alternative Feeder Cattle Systems

Costs and returns for five distinet feeder catile systems were com=
puted. One of these systems involved the purchase of good-choice calves
welghing about 440 pounds in Octobef, wintering them, and then feeding
them out in dry lot for sale as choice cattle in August at a weight of
1000 pounds. Feed requirements for this system were based on a study by
Beresford (1).

Another system involved the purchase of choice two-year-old steers
welghing 800 pounds in August. These were pastured abouta month in the
fall, then put in dry lot and finished to choice cattle weighing 1150
pounds in January. Feed requirements for this system were also adapted
from Beresford's (1) study.

Three systems of hendling yearling steers were considered. These
systems wexe based on five years of experiments by the Iowa Agricultural
Experiment Station in Page County, Iowa (24)., Choice feeders weighing
an averapge of 610 pounds were purchased in November. All were wintered
on the same ration to gain about one pound per day. In May they were

geparated into four lots. One lot (System a) was placed in dry lot end
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fed to a choice finish in October at a woight of 1060 pounds. A second
lot (System b) was pastured 60 days, placed on full feed on pasture for
an additional 90 days, then finished in dry lot for sale as choice
cattle weighing 1120 pounds in October. A third group (System c) was
put on alfalfa brome pasture in May and grazed conbinuously for about
130 days without any grain feeding. The pastures were subdivided into
three parts and the cattle rotated on the three areas at two to three
week inte;vals. After 130 days on pasture they were placed in dry lot,
brought to full feed, and finished to choioce cattle weighin- 1135
pounds in December. The fourth group, which was not considered in this
study, was handled in a manner similar to System ¢ except that the cattle
were not rotated on pasture.

In computing ennuasl costs and returns from the different feeder
cattle sysfems the followinpy procedures were used: The initial cost of
the livestock sold in a particular year was computed by multiplying the
éurchase weight by the average Chicago price of the particular grade of
feeder cattle in the appropriate month of the preceding year (48), ad-
Justed for transportation and commission costs. The wvalue of steers at
the end of the feeding period was based on sale weipght and the average
Chicago price (48), adjusted for transportation and comnission, for the
appropriate grade and month of sale.

Investment in buildings and squipment per head were computed for
1948 on the basis of current costs of building materials and labor re=
quired to provide the minimum housing for each system of handling the

feeders. These figures were adjusted for the other years by the index
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of building costs (47). Interest on the investment in livestock was
figured at 6 per cont per year of the purchase value adjusted for the
length of time the livestook were on the farm. Taxes were computed
at l.1 por cent of purchase value. Insurance was figured at .4 per
cent of purchase valus,

Feod requirements per steer under each system of feeding are shown
in Table 7. The value of feeds per head was computed on the basis of
the average Iowa price of corn the precedinpg Ootober, the price of
alfalfa hay the preceding November, and the price of cottonsesd meal the
preceding December (8). Pasture was evaluated on the basis of the
current ennual value of pasture per acre.

The value of lsbor per head was computed by multiplying the Iowa
average daily wapge rate each year (without board) (8) by the days of

labor required under each system.

Costs and Returns from Beef Cows

Two systems of handling beef cows were considered. The differences
in the two systems are in the disposition of the calf drop. Under System
a the calves were sold each fall at a weight of 400 pounds as good-choice
feeder calves., Under System b the calves were wintered through the first
winter, pastured the following summer and fall, winbtered through the
second winter, and grazed through part of the following summer. They were
then fed out in dry lot from July to October and sold as good grade cattle
weighing about 1200 pounds. This latter system of handling the calves

follows System V described in a Missouri study (46).



Table 7. Feed, labor, and certain miscellaneous requirements per
steer for specific feeder cattle systems.
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2 yr.

Choice Yearling steers old
Item calves (a) (v) (o) steers
Corn, bu.? 63.00 53.71 47.46 37.0 48,0
Hay, tons? .70 1.50 1.24 1,32 .48
Pasture, acres® 06 .11 .90 1.39 .03
Protein supglement, cwt .2 2.6 1.48 .38 $73 1.7
Labor, days 1.74 1.53 1.90 1.09 1.26
Veterinary® 018 .18 .18 .18 .18
Velue tractor & horse labord 7.79 3.23 5.70 7.26 7.10
Investment in bldg. & equip.® 115.00 115.00 115,00 115,00 125.00
Annual bldg. & equip. costs® 3.33 3433 3433 3.33 3.33
Death loss, % 2.5 1.6 1.5 1.5 1.5

BBased on an Iowe Agricultural Experiment Station study (24).
bBased mostly on & study by Wilcox and others (52).

®Figures shown are for 1948,
daily wage rate (w/o board) (47).

A&y
T
machinery costs (47).

®Figures shown are for 1948,

building costs (47).

igures shown are for 1948,

Previous years adjusted by index of

Proevious years adjusted by index of

Previous years adjusted by index of
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Costs and returns per cow under System (e) are considered first.

The investment per cow in beef cows was found by multiplying the averapge
annual Chicago price per hundred pounds of good grade cows, less trans-
portation and commission costs, by 1100 pounds. Figuring one calf re-
tained for replacemént for each eipght cows and assuming one bull for
twenty cows (35), the value of bulls and replacement stock per cow was
computed at 13.3 per cent of the value of the cow. Inberest on investment
in cattle was calculated at 6 per cent. Taxes and insurance per cow was
computed at 1.5 per cent of the livestock investment. The investment in
building and equipment per beef cow was estimated at {125 for 1948 based
on current costs of building materials and labor and adjusted by the
index of building costs for other years. Interest on investment in
buildings and equipment was figured at 4 per cent; depreciatlion was
fipured at 3 per cent.

Miscellaneous cash expenses (including veterinary, salt, supplies,
ete.) per cow vere estimated at 47 cents for 1948 (35). This figure was
adjusted by the index of prices paid by farmers for equipment and supplies
for previous years. The cost of tractor and horse power was estimated as
$1.44 (36) per cow in 1948, This was adjusted by the index of prices
paid for farm machinery for other years.

Days of labor per cow were estimated at 1.2 days per year for the
beef cows and .3 day per cow for replacement stock and bull, making a
total of 1.5 days labor annually per beef cow, The value of labor was
calculated on the basis of the annual daily wage rate, without board.

Feed requirements per cow, including replacement stock and bull,
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were estlmated at 6.7 bushel of corn, 1l.15 tons hay, and 1.8 acres
pasture (21)s The values of these feeds were computed on the basis of
the averapge price of corn the preceding October, the Iowa averapge price
of alfalfa hay the preceding November, and the current annual pasture
charpge. Gross product per cow from the beef herd included 150 pounds of
beef from cull cows (on the basis of a 90 per cent calf orop and replace=
ment every 8 years) and 310 pounds of feeder calves sold per cow annually.
The 150 pounds of beef from cull cows was evaluated on the basis of the
annual everare price of good cows at Chicago, less freight and commission
costs. The value of the feeder calves was based on the October price

for good-choice calves at Chicago, less transportation and commission
costs,

Costs per cow under beef System b included the costs of maintaining
the beef herd and the costs of raising the calves to finished cattle.
Costs for maintaining the herd were identical with System a in all re-
spects except that annual costs for a partiocular year were based on
prices in the second preceding year. Costs of raising the calves for sale
as finished cattle were calculated on the basis of prices in each of the
three years coversd by the production process. Thus the cost aﬂd returns
Tigures for a particular year represent costs incurred over a three year
period and returns in the year of sale. Taxes, insurance and miscellane-
ous costs wers caloulated at the same rates as used for the other feeder
systems., Total feed requirements per feeder was estimated at 18.75
bushels of corn, 2.16 tons hay, 1.88 acres of pasture, and 105 pounds of

protein supplement (46). Assuming a 90 per cent calf crop, 3 per cent
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death loss, and one~eighth of the calf crop reteined for replecements,
only .775 head of finished cattle were marketed per beef cow. Thus feed
requirements per cow, in addition to requirements for maintenance of the
herd, were estimated as 77.5 per cent of the above figures. Labor re-
quirements per cow, in addition to that required for maintenance of the
herd were estimated at 1.8 days. Building and equipment investments per
cow ware estimated at $115 for 1948 and adjusted for previous years by the
index of building costs. Returns per cow were calculated on the basis of

921 pounds of (1189 x .775) good grade cattle sold in October.

Costs and Returns for Hog Feeding Systems

Seven systems of feeding swine were considered. Input requirements
for one of these, System I, were based on the 1945 Iowa Capacity Studies
(49). Systems IIa, IIb, and IIc, are representative of systems followed
in an experiment conducted at the Beltsville Experiment Station by the
Us S. Do A, (7)s Hogs fed under System IIa received no forage; hogs fed
under System IIb received 10 per cent of their feed in the form of
chopped legums hey; those fed according to System IIc obtained 20 per
cent of their feed as chopped legume hay. All three groups were fed in
dry lot. Systems IIIa, IIIb, and IIIc were adapted from pasture studies
carried out at the Iowa Agricultural Experiment Station (23). Each of
these three systems (a, b, and o) used a different proportion of forage
(pasture) in the ration. Nogs fed according to System (a) received no
pasture; those following System (b) were fed grain equal to 3 éer cent of

their body weight while on good pésture; and those following System (c)
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were limited to grain equal to 1 per cent of their body weight while on
pasturc.

Costs for all seven systems were considered to be the same except
with respect to feed, labor, and tractor and horse power costs, MNisocole
lensous costs, including insurance, taxes, veterinary, and other miscel-
laneous supplies, were estimated at $1.45 per pig for 1948 (23). This
was adjusted by the index of prices paid by farmers for supplies for
other years. Investment per pig in buildings and equipment was estimated
%o be $8.17 for 1948 (23) on the basis of building meterial and labor
costs for providing the minimum buildings end equipment under corn belt
conditions. Annuel building and equipment costs were figured at §1.00
per pig for 1948 (23) and adjusted by the index of building costs for
other years.

The annuel investment in breeding stock per pig was calculated by
multiplying 250 pounds (the average weight of the brood sow) by the
average price of hogs in the preceding October and dividing the product
by 6 (the assumed number of pigs saved per litter). The interest on
investment in breeding stock per pig was calculated at the rate of 6 per
cent per year and adjusted to a © month basis ~=- the length of time the
sow would normally be kept. No depreciation was assumed on the breeding
stocks Estimates of the days of labor and quantities of feed requirsd
per pig are riven in Table 8. The value of labor was calculated by
multiplying the days of labor required per pig by the Iowa annual average
daily wage rate (without board). Corn was evaluated on the basis of the

price of corn the preceding October. The value of hay required was
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figured on the basis of the average Iowa price of alfaelfe hay the pre=-
ceding November. The value of protein supplement was based on the price

of soybean oil meal the previous December.

Table 8. Istimated feed, labor, and power requirements per pig
for specific hog feeding systems.

Hop, feeding system

Item Iowa average® Dry lot, System II° Pasture, System III®
System I (a) (0) (o) (o) (b)) (e
Corn, bushel 13,5 10.8 9.8 2.3 13.4 1l.8 10.2
Soybean oil meal «39 .91 91 .92 - - -
Tankage - - - - «83 .45 «42
Hay, tons : - - «035 L0777 - - -
Pasture, acres +004 - - - - 036  ,022
Labor, days «59 «69 .66 » 70 «59 «65 .70
Tractor & horse
power® $1.33 $1.33 $l.46 $1.58 $1.33 $2.09 4%1.80

%Based on unpublished data from lowa Capacity Studies (49, p. 35).

bpased on study by Ellis and others in the U, S. Department of
Agriculture (7).

®Based on unpublished date from Ia. Agr. Exp. Sta. Project 101 (23),

The hogs in each of the systems were considered sold at a weight of
225 pounds. Gross returns per pig from each feeding system was calculated
by multiplying the average Iowa price of butcher hogs in the month of sale
by 225 pounds. The hogs fed according to Systems IIa, IIb, IIc, and IIla
were oonsidered sold in September; those fed according to Systems I and
IIIb were treated as sold in October; and those fed according to System

I1IIc were considered sold in November.
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