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INTRODUCTION.

Cotton seed meal, a by-product of the cotton
industry, has become our cheapest concentrated food for
dairy cows.

Armsby, in his work on feeding stuffs, gives the
dry matter, digestible protein and energy values of -
cotton seed meal per hundred pounds as follcws:ie

Dry matter. Digestible protein. 'Energy value Therms.
91.8 35415 84 .20

Compare with this}the values of wheat bran and oil
meal, two of our most common feed stuffs.

Dry matter. Digestible protein. Energy valuee.
‘Wheat bran 88.1 . 10431 48433
0il meal 90,1 39 «26 74 .67

Cotton seed meal has slightly more dry matter
rer hundred pounds than wheat bran or cil meal, 71% more
digestible protein, and 43% more energy value than bran;

17% more digestible protein and 12% more energy value than
0il meal.

The prices of bran, cotton seed meal, and oil
meal laid down in Columbia, Mo., in car load lots have
averaged, for this winter 1911 - '12, for bran, $37.00
a ton, or $§1.35 a hundred; for cotton seed meal, $30.00
& ton, or $1.50 a hundred; for oil meal, $40.00 a ton,
or $2.00 a hundred.






The following computations show the compara-—
tive values of these feeds of one therm energy value

and one pound digestible protein at the prices quoted above.
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This shows us that cotton seed meal is con-
giderably cheaper, for both energy value and protein,
then o0il meal or bran.

If the energy value of bran were sold at the
same price per therm at which we buy cotton seed meal,
it would cost us only 85 cents & hundred or $17.16 a ton
as compared with $37.00, its present price. If we ¢
bought energy value in cotton seed meal at the rate we are
paying for it in bran, it would cost ue $23.34 per hundred
pounds or §46.98 per ton. Again, if we purchésed bran for
its protein‘value at the rate protein coste ue in cotton seed
meal, our bran would cost us only 53 cente a hundred,

or $10.68 a ton. Cotton seed meal






purchased for ite protein value at the rate we pay for
protein in bran would cost §4.64 & hundred or §93.83
per tone.

In the same way it may be shown that the
energy value of oil meal purchased at the cotton seed
meal rate, would cost $1.33 a hundred or $36.58 a ton
instead of §40.00 a ton. Or, its protein value, at the
cotton seed meal rate would be $1.24 per hundred pounds
of feed or $24.92 per ton. A mixtuie of corn meal and
cotton seed méal is the cheapest grain ration, at the
present time, that the farmer can feed the dairy cow.

Many people, however, feel afraid to feed cotton seed meal
for fear of injuring the quality of their products. It has
long been a prevailing opinion that cotton seed meal has

& detrimental effect on dairy products, especially butter.
Butter in the South is usually of very poor quality, and

& good deal of the cause of it has been attributed to the
general use of cotton seed meal as & dairy food.

Butter from a cotton seed meal ration is said
to have a harder, firmer body and doee not melt at as low
& temperature as butter produced from a {g:%on without
this feed. Some investigators have found butter made
from a cotton seed meal ration has a tallowy, salvy taste,
is lighter in color, and the cream is more difficult tc
churne Other investigators report the quality of the
butter not injured by feeding cotton seed meal. Some of

the experiments show the constants of the fat to be markede






ly influenced by thise ration while other experiments
show that the same constituents are either not influence
ed at all or else influenced in the opposite direction
by the use of this feed.

A large per cent of the cotton seed meal pro-
duced in this country is fed in the dairy countries of
Furope. In many of the leading dairy states of the United
States cotton seed meal is almost an unknown feed. The
economy of using cotton seed meal in place of some of
our more commonly used feeds has already been pointed out.
Then why is cotton seed meal not more generally used.in
this country, where it is produced, when it is so uni-
versally used among the dairy men of Europe? One of the
reasons has been given, namely, the fear of injuring the
quality of the product. Another reason is the fear of
injuring +the health of the animal. While it is not the
purpose of this raper to take up this side of the ques-
tion, cotton seed meal is probably not injurious to
the health of animals when . not fed in excessive amounts.
Cne Jereey cow has just completed a year's record at
this station, inlwich she received six pounds of cotton
seed meal per day with no apparent injury to her health.
In the South it is not an uncommon thing for dairy men
to feed their cows from 8 to 10 pounds of cotton seed

meal a day, and their animals suffer no ill effectse.






However, from an economical standpoint, it is seldom wise
to use so much of this highly nitrogenous feed, especially
where it is possible to secure corn.

Obviously these are the two principal reasons
why cotton seed meal has not found a wider use as a dairy
feed in this country. Though from the view point of
economy it seems that it should be one of our most
commonly used feeds, As stated previously the results
of the investigatione already carried out along the
line of the effect of this feed upon butter have
been marked by a lack of uniformity of results. 1In
view of this it seems desirable to conduct this ex-
periment with the object of ascertaining the effect of
cotton seed meal on the churnability of cream and its

influence upon the market qualities of butter.






LITERATURE.

Effect of cotton seed meal in the ration on the constants

of butter fat.

(1)

Lindsey, of the Massachusetts station, has
carried on some extensive experiments with different -
feeds and o0ils in regard to their effects upon butter fat.
He found that cotton seed meal with a minimum o0il content
of eight rer cent, produced little change in the com=
position of butter fat. But the addition of .5 of a pound
of cotton seed o0il, daily, to the ration increased the
melting point and the iodine number. He found that a rise
in the iodine absorption (increase in olein) is a reason-
ably indication of a soft bodied butter, which will lack
in firmness at a temperature of 70° F. A high melting
point is not a sure indication of a hard, firm butter.

It seems that the proportions of the several fats are
more or less changed by an excess of o0il in the feed and
that this change varies the melting point.

ngringtonfa) of the Texas station fed four
cowe varying amounts of cotton seed meal with the follow-
ing results: A marked increase in the saponification
equivalent, an increase in iodine absorption, a very

large decrease in the per cent of volatile acids, and

-
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(1) Annual Report Massachusette Exper. Stae. 1907,
(3) Annual Report Texas Exper. Sta. 1891,
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an increase in the melting point of 8° C. Harrington
calls attention to the fact that a pure butter derived
from a cotton seed meal ration might be mistaken for a
butter adulterated with other fats, if judgment is
based upon the commoh assumption <that a natural buttér
may be safely distinguished from ¢leomargerine by esti-
mating the volatile acids present. The amount of these
acids is ordinarily much higher in pure butter than in
the fats used in the manufacture of oleomargerine.
Doctor Wileyfl) of the United States Depart-
ment of Agriculture tested some samples for Harrington
and found that the per cent of volatile acide were
raised and also the iodine absorption number. Later in
an experiment at the Maryland Station Doctor Wiley found
the iodine number and the volatile acids both decreased.

At the New Hampshire Station(Z)

F., W. Morse
carried on several experiments with cotton seed umeal,
and cotton seed oils With a grain ' ration of seven
pounds of cotton seed meal and two and one fourth pounds
middlings, he lowered the Reichert Meissl number and

the iodine absorption number. Morse concludes that a
low Reichert Meissl number means a low flavored butter

and a decrease in the iodine absorption number means a

Proc. Soc. Prom. Agl. Sci., 1889,

(8) Annual Report New Hampshire Station, 1893.






harder butter. Morse fed eleven ounces of cotton seed
0il daily and lowered the Reichert Meissl number and
raised the iodine absorption number. Both the meal and
the 0il lowered the Reichert Meissl number but the oil
raised the iodine absorption number and the meal lower-
ed it.

The Miasissippi(l)

Station reports that crude
cotton seed oil has a quantity of so-called vegetable
stearin which is separated from the refined o0il in the
process of refining. The fatty acids of this vegetable
stearin have a high melting point and 1its generil charac-
ter is not unlike that of other oils that have been found
to produce a hard butter.

In experiments by Jordan(a) at the Maine Station
in 1891, the butter produced on a ration of cotton seed
me&l, bran, and corn meal was harder; cod tained & larger
amount of volatile acids, and showed a higher iodine number
than that produced on a ration of linseed meal, bran, and
corn meal, or of pea and barley meal; but in experiments
in 1893, in which a ration of 3 pounds of corn meal, 2
pounda of cotton seed meal, and two pounds of gluten
meal was compared with one of 6 pounds of corn meal, there

was no difference in the butters shown by chemical tests.

(1) Farmers Bulletin,United States Dept. Agr.,119 .
(8) Annual Rpt. Maine Exper. Station, 1891.
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The Alabama Station(l)

in experiments with ten
cows found the melting point uniformly raised and the
Reichert Meissl numbexr lowered.

The Ontario Station 2 observed a marked in-
crease in both the melting point and the iodine absorpe
tion number, by feeding cotton seed meal.

In several experiments at the Missouri Station
(not in print), the saponification number was lowered,
the iodine absorption number uniformly raised, and the
Reichert Meissl number in most cases lowered. The
melting point was raised.

In summing up the experiments on the effect
of cotton seed meal on the constants of butter fat a
lack of uniformity in resulte is evident.

Lindsey got but little change in.the compo-
sition of fat with cotton seed meal, while all the other
investigators got marked changes.

Most of the results show & decrease in volatile
acids, from both the meal and the oile Also an increase
in the melting point, although it would seem that cotton
seed, having a large per cent of olein which is liquid
at ordinary temperatures, would decrease the melting

point of butter. But the opposite seems to be true.

(1) Bul. # 35, Alabama Station.
(28) Annual Rpt. Ontario Agricultural College, 1891.
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(1)

Morse and Wiley get a lower iodine number. Harrington' ",
the Maine Station, the Ontario Station, and the Missouri
Station (not in print) report the iodine number raised.

As stated before Morse and Lindsey think an increase in the
iodine number an indication of a soft bodied butter while
the Missouri Station takes the view that a high iodine
number does not necessarily mean a soft butter. The

(3)

Texas Station got an increase in the saponification
equivalent while the Missouri Station got a decrease.

It has been the general opinion that the oil
in the cotton seed meal is in some way responsible for the
firmer body of the butter from that feed. Morse and Lind=-
sey fed cotton seed 0il and got a soft bodied butter. A
table follows showing the results of some of these experi-

mentse.

(1)
(3) Bulletin # 39, Texas Station.
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TABLWLE

2.

Effects of Coetton-Seed products on Butter.

' No. |[Days on Melh’njl Reithart | Todine.
_Ra"hOh 0§ |Feed be- point |Messl [ Np,
L |Cws ffresamids) ("D | No
_QLABAMA STATION &
5*0ats, 5%Corn, 5%
Bravn—— <« -~==-——--| |O 7 356|228
3*Cotton Seed Meal, 4F
Oats, 5*Bran, I*Silage ———| 1O 7 | 361|305
4*Colton Seed Tkeal.,S#'Cﬁ“on
Seed Hulls, 45" silage —-| 4 7 | 314|275
Raw Coton Seed and
Cotton Seed Hulls————| [0 7 %G 22.1

Cooked CoftonSeeds awnd

each of middlings, corn meal,
cotton seed meal, amd

|

(Cothon Seed Holls — ———| [0 42.7(22. 5
NEW HAMPSHIRE STATION®

R.5 oz. cotton seed oil-_.

lvten meal — — — — — < 299|328
4—0*3”&33, 5-':%* qu)z_.Os#
middlings, 7.26% cotton
seed meal - — — — — — 4— 19 24.9 |34
40¥Silage , 53 % Hay, 2.05
middlings, 8.287 raw

CIO‘H’onq seed —— = — —- - 2 0 203 |33.8
40* Silage, S 3% Hay,205%
middlings, 3.5¥%luten meal,

| 12.7 378
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TABLE 1 — Cont

. No. _Dajs on| Me I+ing |Reichart| Todine
_RG+IOY‘\ of Feed | Point |Meissl No
before ° :
| - COWS SO:\P""'ﬁ ( C) No. ,
ONTARIO STATION )
Pastre—— ——w— ~ 2 21 |32.3 24 4
30#'hay ,9¥%)inseed wmeal,-
21 32.3 37
20% hoy , 4¥# |)nseed meal ‘
5% cotton seed meal__| 2= 2| 24 6 —_
30%hay, 9% cotton seced
meal - — — _ _ _ _ __ P 2\ 36.5 =)
 TEXAS STATION ® —
Corn & cob meal|, oats,
bran,s”aqe»; sorghvm, pea
vine hay ,» pasture . —— = =3 35 |2882
CoHon seed hulls and
CoHon seed meal - — — —— (&) R 40.8 | 20.3
Raw or Cooked whole
polten seed—— —=—= ~| 6 | 8 |404|is7
| Part Cotton Seed Meal, ‘
aParts QOats,Sorghvm Hay,
_ana Sca n‘:’?asi?r;m__a,— 6 8 37. 3 |26.28
Eaqual Par+s cooked cofton
seed and Oats, scant G
posture—_ — —— — —— — 36. 6 |26.78
Corn Meal Wheat Bran, 33
and Silage — — — — — < {H. 33.2126.9 |2022
%_.Ra‘h‘on Cotton Seed
Meal — — — — —— ~ ~ 4 2S5 | 36.5 |23.72 3234






TABRLE 1. — Con+t.

L_\'gh + Pastore——-

—
. No. | Days |Melting [Reichart|T 4.
RQ+IOY\ o§ 'F'eoend Point |Meissl Todine
| Gws. |oefare | () | No. No.
fRoﬁ’l'on Cotton
Seced Meal - — — <t ;:Z 39. |z20.65|23.04
S Ration Cot++
4_RQS::; M;q |_°_V:____ <4 "f‘_ 40.6|16.24 |35.32
C —}-—(— Seed Hulls
a:d C:“nH'on Seed Meql--; 2 17 |41.4 |12.15 A=-34
WILEYS RESULTS @
Pastur age ———— 3 | O |35 4|22.4|389
10¥ Cotron Seed

) Bulletin *25, Alabama Station
=) Bulleﬁn#»le, New Ha\mloshire Station.
(@) Annval Report, Ontario Agr.Co“eqe, 1831,
@ Annual Report, Texas Station, 1889,
Bulletins 11 & 29,
(5) Proc. Soe. Prom. Aé'.Sc,i., 13839 .
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Effect of Cotton seed meal in the ration on the churn-

ability of cream.

urtis(1) at the Texas Station has done more
work than any one else on the churnability of cream from
a cotton seed meal ration.

Curtis made s8ix churning tests on cream from
cows fed exclusively on cotton seed or cotton seed meal.
The temperature at starting was 68° to 70° F. and at
closing 74° to 76° F. An average time of one hour and
fifty six minutes was required to bring butter in
granules the size of quail shot. With cream from the
same cows on the same ration, three churnings were made
with temperature at starting, 73° to 78° F., and at
closing, 75° to 80° F. Buttef was obtained in the
average time of thirty three minutes. With cows fed a
ration made up largely but not entirely of cotton seed
meal, two tests were made with the temperature of the
cream at starting, 64° F. and closing at 68° F. The
average time of the churnings was one hour and eighteen
minutes, Six tests were made with cream produced on this
ration with ‘temperature at starting 68° to 71° F. and at
closing 70° to 75° F. The average time was thirty eight
minutes. Curtis concludes that where cotton seed meal
is used largely in the ration a temperature of four to

eight degrees higher is required than for cream pro-

- -
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(1) Bulletin # 11, Texae Station.






(1)

duced on rations without this feed. Mayer found
milk from cotton seed cake rations to be harder to
churn than from peanut, linseed or poppy seed cake
rations.

Effects of cotton seed meal in the ration on butter.

As stated before, it is generally believed
that where cotton seed meal is used to any extent in
the ration the butter will have a harder, firmer body
and a higher melting point. The butter is likely to Dbe
lighter in color, lacking in salt, and poor in quality.

Lindsey(z)

of the Massachusetts Station, found
that cotton seed meal with & high oil per centage (13.6%)
produced a butter that was rather crumbly when hard, and
8lightly salvy to the taste. Cotton seed meal with a
low per cent of oil (8%) 1ikewise produced & hard, firm
butter. The addition of a half pound of cotton seed
0oil a head, daily, to a ration containing three pounds
of cotton seed meal low in o0il, produced a softer, more
yielding butter than that produced by the ration with
the oil omitted.

Hunt(sz at the Pennsylvania Station, made butter
from fat produced by two lots of cows. One lot was fed

four pounds of corn chop and six pounds of bran, and the

(1) Landw. Vers. Stat., 41 (1893).
(3) Annual Rpt. Mass. Exper. Sta., 1907,
(3) Bulletin # 1%, Pennsylvania Station.
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other lot received four pounds of corn chop and six
pounds of cotton seed meal. Both lots received the same
amounts of ensilage, green rye, or timothy and clover,
and as much corn stover as they would eat.

The butter made from the cotton seed meal
ration was rated'appreciably lower than the bran butter
by the New York Commission men. The average score of the
bran butter was 91, and the cotton seed butter 73. The
cotton seed butter was scored on both body and flavor.
Hunt observes that cotton seed butter seems to require more
salt than butter produced from ratione with other grains.

At the Mississippi(l) Station the herd was fed on
the following ration: ten pounds cow pea hay, twenty pounds
silage, four pounds bran, and five pounds of cotton seed
meal. This rstion was fed for two weeks, when six pounds of
cotton seed .was substituted for the five pounds of
cotton seed meal, and in two weeks following six pounds
of corn and cob meal was substituted for the cotton seed.
The milk of the last two days of each period was
separated, churned, and the butter shipped to St. Louis
Commiseion firms to be scored. The cotton seed meal butter
scored 95}, the cotton seed butter, 96, and the corn and
cob buttei, 9. Thegonclusion is drawn that the quality
of butter is not injured by feeding as much as five pounds

of cotton seed meal or six pounds of cotton seed.

(1) Farmers Bulletin # 119, U. S. Department of Agriculture.






Vanderford, of the Tennessee Station, says: "We
do not consider it advisable to feed more tan five pounds
of cotton seed meal daily to milch cows « FOr butter
making it is not advisable to exceed three pounds daily".

Qurtil(l)

, at the Texas Station has probably
done more work on the effect of the cotton seed feeds on
butter than any other investigator. It is his opinion that
the cotton seed feeds have a more detrimental effect on the
quality of the butter when fed with & dry ration than when
fed with grass or other green stuff. To illustrate this
he fed one group of cows bran, corn meal, and linseed meal
and the cows had access to pasture. To a second group he
fed bran, corn meal, and four pounds of cotton seed meal,
and the cows had access to pasture. Five samples of the
butter made from group one received an average score of
87. Five samples of butter from group two, receiving

four pounds of cotton seed meal daily, received an average
score of 85.7, being graded off slightly in flavor.

To get the effect of the same amount of cotton
seed meal on the butter, when fed on a dry ration, he fed
one group of cows eleven pounds of oate and foux pounds of
cotton seed meal and cows ran on dry pasture. The average
score of three samples of butter from this ration was 75.8.

The amount of cotton seed meal fed in this ration was the

- w ——— - - - —— - — —— ——— - — S T - — O - — - - -

(1) Bulletin # 11, Texas Station.
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same as that fed with the cows on grass, but the score is
about ten points lower, the texture and flaver suffering most.
Curtis says this bears out their practical experience at

the station, they finding it necessary to decrease the

amount of cctton seed meal fed in the winter and dry part

of the summer.

The effect of the meal on the texture of the
butter is that of overworking. Curtis says that the
cotton seed butter sent to commission firms in the North
wae rerorted as "over worked" when in fact it was hardly
worked at all, not nearly so much as butter produced without
cotton seed meal in the ration, and which received a great
deal better score on texture.

The Alabama (1) Station reports that feeding cotton
seed meal to cows on pasture increases the melting point
from 1° to 3°, Centigrade, and that three pounds of cotton
seed meal and one pound of bran gave as hard a butter as
eight pounds of cotton seed meal and one pound of bran.

The results of these experiments vary a great deal,
The moet marked difference being in the amount of cotton
seed meal that may be fed without injuring the quality of
the butter. The Mississippi Station says five pounds of
cotton seed meal may be fed without injuring the quality
of the butter. The Texas Station finds that four pounds
injures the quality, if fed in a dry ration. At the
Pennsylvania Station the quality of butterwas injured with

G s 0t - —— G W G G G G G G - — G G G G G5 B B W B G G G G G W G G B e S —— - O - . . - -

(1) Bulletin # 35, Alabama Station.
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8ix pounds of cotton seed meal, with which cows got some
green feed. The Tennessee Station does not advise the
use of over three pounds of cotton seed meal daily where
butter is to be made. ‘
The results of these experiments vary so, and the
conditions under which they were worked out are so unlike,
that it is impossible to ascertain what the effects on the
churnability of cream and quality of the butter from
feeding cotton seed meal really are. As to what the effect
on the quality ie, salvy, over worked texture, firmer body,
etc., the results agree fairly well, but as to how much
can be fed and under what conditions without getting these
effects, cannot be told from the varying results. No two
of these experiments were.carried out in the same way.
Temperature, acidity or the other factors that might influence
the quality or churnability were arrarently not uniformly
controlled by many of the investigators. At least they
are not mentioned in the reports of the experiments. Only
one experiment has been made on churnability and that on
rather an abnormal ration, containing either all cotton seed
meal and hulls or a ration made up largely of cotten
seed meal. In the chemical work there seems to be no
agreement as to the influence of cotton seed meal in '
the ration upon the physical and chemical constants of
the fat, or what these variations mean in their relation

to the market qualities of butter.
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For instance, one investigator thinks a rise in the :
iodine absorption number may go with a harder butter, whiiex
another thinks an increase in the iodine absorption number

always indicates a softer bodied butter.






THE PLAN OF THE EXPERIMENT.

Object.
The two main objects in view in planning these tests are:
(1) The effect of cotton seed meal upon the
churnability of cream.
(3) Influence of the same ration upon the
market qualities of the buttere.

Time for making Experiments--- It is planned to
carry these tests on during the fall and winter season
when silage is on hand and when butter can be shipped
readily without injury from the heat. This season is
more favorable also on account of keeping the animals
in better condition. It will also be necessary to make a
few teste during the pasturing season in order that the
influence of feeding cotton seed under these conditions
can be obtained.

General Plan--- The general plan is to feed a
certain number of cowe on a basil ration and compare the
product with that of a second lot fed varying amounts of
cotton seed meal. It is proposed to carry on two distinct
series of tests using different basil ratiors in this way.

Animals Used--- The animals to be used will be
selected at the time. They should represent at least two
breeds and preferably three or four, and the animals
should be mature cows. A sufficient number will be select-

ed to produce from 12 to 15 pounds of butter per day.

e






Feeding--+ The basil ration to be used will be
the one heretofore used largely, namely, corn silege,
alfalfa hay, and a grain mixture of corn 4 parts, bran 3
parts, and linseed meal 1 part. In ueing this basil ration
the cotton seed meal will be substituted pound for pound‘
for the grain. The emount of cotton seed meal to be fed
will be from two to six pounds a day. The experiment will
have five parts as illustrated in the diagram of which
two will be basil ration and three will contain cotton
eeed meal in varying amounts.

The amount of each ration to be fed each individual
animal used will be determined by calculating the amount
required for maintenance plus the amount estimated as
necessary for supplying the nutrients for milk production
after the standard as proposed by Armsby.

Plans for Handling the Milk--- The samples used
for the churning and for making the butter for examination
are to be taken during the last three daye of each period
only, making two churning tests and two lots of butter
for examination, from eeach group of animals. The milk
produced by the two groups of animals used in this experi~
ment will be kept separate in cans suitably labeled and
brought with the other milk to the creamery room. The
milk produced during one day is to be taken with that of
the following morning and the analyeis and tests made

from this mixture. The morning milk is to be separated
and the cream cooled to a temperature of 50 degrees or
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lower, the night's milk likewise. In the morning the
cream from the morning and evening are to be mixed with
that ~from the morning's milk.,

Plan for Detemining the Churnability of the Cream-—-
A portion of the cream equal to about 600 c.c. secured ih
the above manner representing the morning and evening is to
be used for this purpose. Five per cent of pure culture
acid starter is to be added at once after the evening milk
is separated, the cream then reduced by the addition of skim
milk until it shows exactly 35% of fat. With the exception
of the substitution of natural ripening for the addition
of lactic acid the method to be followed will be the same as
that used in our previous experiments, details of which
are to be found in Mr. Rinkle's Thesis. The cream is
to be kept at 70 degrees until morning, then cooled until
afternoon and churned. It must be handled in the same way
each time. The butter secured in making these churnings
tests is to be takem as soon as the churning is completed
and delivered to the Chemical Laboratory with proper labels.

Chemical Analyses--- The chemical work to be done
with these samples is to include the Iodine, Saponification,
and Reichert Meissl Numbers, the Melting Point, and the
color measurements, and the hardness test.

Relation to the Market Value of the Butter.

The cream from the morning milk is to be

secured in the manner previously described and added to the

cream of the previous day. Five % pure culture acid starters
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are to be added and the cream ripened at a temperature
of 70° until an acidity o f .6% is developed. The
churning should in every case be done at the end of 24
hours, the crean': having been cocoled down the previous
evening tc the churning temperature. The churning tempera=
ture to be used will be the same in all cases unless the
results as found are such that it is necessary to meke some
change. This churning temperature will be the same as that
employed in the general creamery work, 56° F. Sufficient
celor is to be used to make the coler normal. Each lot of
cream is to be churned until the butter granules are elight-
ly larger than grains of wheat. The time of churning,. the
per cent of fat in the cream in the beginning, the per cent
of fat remaining in the butter milk are to be recorded. The
two lots of butter are to be completed in the ordinary
manner and packed in ten pound tubs, and reserved for our
examination. This examination should include such points
as are usually taken into account in scoring butter, and
such other observations as may be made including the
test for hardness. The ten pound tub ¢ £ butter is to
be sent to Professor M. Mortenson, of the Iowa State
College, who is capable of rendering expert judgment and
will be asked to give his opinion concerning it without
- knowing the nature of the experiment.

The "standing up®" quality of each lot is to be
determined under carefully controlled temperature conditions.

The keeping qualities are to be tested at the
temperature of the cooling room and ordinary room temperature.
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Arrangement of Experimental Periods. |
Feriod 1 Period2 Period 3 Period 4 FPeriod S

8 da! s. 13 days. 13 days. 13 days. 15 o‘ags.
LO+2 L.O+2, LO+2 Lo+s 13‘2
LoieL e ~*C.5.M. | 4*C.s.M.| g¥c.s.M.

Basil Lot 1 Lot 1 Lot Basil
Ra+tion [Basil Ration | Rasil RationBasil Ration Ration

The experiment was divided into five periods as
shown in the diagam. During the first period both cows
received the same basil ratiom, the constituents of which
are stated in the plan. Lot 1 received the same ration
during the whole experiment. During period 3, 2 pounds
of the grain mixture, in the basil ration fed to lot 2,
was replaced with 2 pounds of cotton seed meal; in period
3, 4 poundes of the grain mixture was replaced by 4 pounds
of cotton seed meal, and during period 4, 6 pounds of the
grain mixture was replaced by 6 pounds of cotton seed
meal. In period 5, lot 2 was put back on the same basil
ration they received during period 1. Lot 2 received
the same roughness, alfalfa and corn silage, as lot 1

received thruout the experiment.






TABLE &.
The Cows Used for the Experiment .

Lot 1.

No Cov [ Breed Aoy [ Puoilct | b oty o |
| 2 Jersey| 144 Cg’; 34
| < v 3 86 | 4
| » 3| A28 Ke
21 1 |Holstein | ¥ jos 34
223 » 32| 156 35
RRT » < B2 22
217 » o) T2 30
Average 5| 108 25

* This 9roup Pr‘oducz.d about 6% povnds of fat per day.

¥ This grovp prodvced about T pounds of fat per day.

Lot R.
No.Cow | Breed | Ga%, Bl 3 2 By Eur” Gound
317 JerSey 14+ 2 90 24
301 | Ayrshire| 9 | 87 26
403 |Shorthorn| O 119 28
406 ” 2% 99 |4
o7 Jersey | S | O | | 4~
16 v |I2E 83 -8
S3S " = 33 22
215 |Holstein| 4z | 11 23
Average 8 | 29 2 5 ]

- 26~
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TABLE IIT.
Average Ration Feed. Lot 1

o T FEED [noms]remon sfreen STrenien sTremes <
Silage | 44 44 | 42 | 4R | 42
Rl | Alfalfa T ¥ I X '
Grain vty Lo T RN P
Silage 30 30. | 30 25 | 25
Il | Alfalfa 7 7 o 7 7
Grain ) = 3 = 3
Silage 30 30 30 30 30
14| Alfalta £ T 7 7 7
Grain 4 4 4- 4 4-
Silage | 25 35 | 35 | 35 | 35
124 | Atfalfa | 11 TR IR X
Grain Vi I I N )
Silage | 35 | 35| 35| 35 | 35
R23 | Alfalfa | JoO ) O ) O /O ) O
Grain ] O ) ) | ) | )|
Silage | 30 30 30 26 | 206
R27T| Alfalfa S =5 S S 9
Grain () 6 S S S
Silage 35 385 35 B 3I&
RIT| Atfalfa ) X I I I
Grain S 9 =) S =)
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TABLE 4
Averoge Ration Fed. Lot 2.
No. PERIOD 1. | PERIOD 2 | PERIOD 3 |PERIOD 4 [PERIOD S
C 6;\[ FEED (povnds) (pouords) | (povnds) | (povrdsd) (povnds
Si| ge 35 25 r g =2 5 =25
Alfalfa 7 (S =) =S (S
406 Qramn 3 S =2 =
(otton Seed Mea) ) 2 4~ S
Silage 40O 4O 4-0 4O 40
403 [Alfalfa IO 1e 1O 10 e
Grain =) 7 5 3 9
Cotton Seed Meal 2 - S
Silage 30 25 25 25 =
57 Alfalfa 7 = & & s
Grain 4 5 3 \
(otton Seed Meal 2 4- &
Silage cle 30 3G 36 36
317 Al'FQH:C\ 2 S 2 = S
Grain 8 © - =2 8
Cotton Seed Meal 2 <} (=
Silage 30 31 3) B 31\
A lfalta 9 =] o =) )
30l Grain 9 7 S 3 )
Cotton Seed Meal 2 A S
Silage 35 35 35 35 | 35
53 Alfalfa 8 8 8 = 2
Grain 8 S 4- 2 8
(oHon Seed Meall = e S
Si lage 30 30 30 IO 30
Grain jo 8 =) 4- T
CoHonSeed Meal &y B 2 - S
Silage 35 33 33 33 33
| GQrain 7 S 3 ] 1
CoHon Seed Meal 2 - e







w3 Cee

Table 3 gives the average ration fed each animal
in lot 1, in each periode The ration for each animal was
computed by the Armsby feeding standard. The amount fed
each cow varying with the body weight and the flow of
milk. The animals in lot 1 received the same ratiom and |
practically the same amount of feed thruout the experiment.
The grein ration was composed of corn 4 parts, bran 2 partse,
and 0il meel 1 part. ”

Table 4 gives the average ration fed each animal
in lot 3, in a&cﬁ pericd. In period 1, the cows in this
group received the same ration as lot 1; in perieced 3, 3
pounds of cotton seed meal was substituted for 23 pounds of
grain mixture, in period 3, 4 pounds of cotton seed meal
was substituted for 4 pounds‘of the grain mixture, and in
period 4, 6 pounds of cotton seed meal was substituted
for 6 péundﬂ of the grain mixture. In period 5, lot 2 was
taken off cotton seed meal and received the same ration
a8 in period 1l None of the cows in this group suffered
any 1ill effects from <the consumption of cotton seed

meal.
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Churnability of the Cream.

In order to get an accurate comparison of the
churnability of the cream from the two lotes an experimental
churn was used, which was devised for this purpose by
Professor Ecklee, and used by Mr. Rinkle in his thesis
worke This churn consisted of an ordinary steel hand
barrel churn. On either side of the inside of this chum,
half way between the top and the bottom, was attached a brack -
et. Two specimen jars fitted into these brackets and
fastened so that they were stationary. 300 c.c. of 25%
cream was placed in each jar at a temperature of 64° F.  The
churn was then filled with water at the same temperature.

In this way the jars containing the cream were surrounded
with water and there was little change in the temperature
of the cream during the churning. By placing the same
amount of cream in the jars for each lot, the jare were
filled to the same fullness and the same amount of agita=
tion was secured, giving a more accurate comparison <than
if the comparison was made with the large churnings. In
the large churnings one lot usually contained more cream
than the other, which filled the churn to a greater fulle
nese and consequently the cream in that lot would receive
less agitation. This churn was attached to a small motor
which kept the chum revolving at a uniform speed. A
record of the number of revolutions of each churning was
kept. As stated in the plan of the experiment the cream

churned in the experimental churn was taken from the mixed
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milk of each group representing one day. The cream was
standardized to 35% and the samples of both lots ripened
at the same temperature and for the same length of time.
Two different churnings for each lot in each period, rep-
resenting three milkings, were made, and the figures
given in the table are averages of these two churninge.
The time taken for each of the large churnings was also
recorded and is given in the table belowe These figures
2lso represent the average of two churnings &as do all the
other determinations presented, excepting the scores on
flavor and body, in this paper. No attempt is made to
compare the churnability of the small churninge :with the
large churnings as the small churnings take somewhat
longer. All that is attempted is an accurate comparison
of the churnability of the cream in lot 2 with that in
lot 1, and the opprortunity is presented in the two
TABLE IV

methods of 2h%:g§%gbhurning

(barrel)

99 090 00 %009 00000000

Lot 1 2 Lot 3

Experimental Churn

® o000 00800

% o e o . o0 e 0@ o oo 90 o0

9 90909 0000090000000 900990

Lot 1 : Lot 38 H

oo

6 ¢ 8 00 00 00 0 0 00 ¢ 0O 08 0 QO o 0000 e

: (minutes): (minutes)

© 0 0 0 ¢ 0 ¢ 0 00008000 00000 A000ees o

(revolutions}: (revolutions)

s o e o 0@ o0 o o o o0

E.Periodlé 39 :  45.5 1850 : 1855
g'ﬁééiéé'é'g"'iai'.ém:'"'s'é:s"" R TR R TTEeTTIPRTy
E'ﬁééiéé°é'§mé%:é"'§"'éilé'" eggesssne e
?'55555&2’?’”5&5’”?'"éb'"" Pesazieeee e
§?;;ié&’é’f“'éi°""E"°zié"'"§§'"éébb'""'E'"iééé'.'s“"m:

9 9 00 00290000 0020 0000029000 s TI SR 00 9T 0 0009 0020900002 QOOO N0 0.
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There is a very noticeable difference in the
difficulty with which the cream from lot 1 and lot 38 is churne
ede Both methods of churning show this quite distinctly.

The greatest difficulty in churning in both lots was in
period 3, when the cows in lot 3 were receiving four pounds

of cotton seed meal per day. In lot 3 there is a uniform incre-
ase in the difficulty in churning, up to pericd 3, both in
~time and the number of revolutions, In period 4, with € pounds
of cotton seed meal, there is a decrease in*the.time of

the large churning of almost 2 minutes and a decrease o f

536 revolutions with the experimental churn. In peiiod 5

the time of the large churning dropped 34 minutes, and the
number of revolutions of the experimental churn dropped

681 .5 revolutions, returning to almost the same time and
number of revoluticne as were required in period 1l.

In lot 1 the time and number of revolutions re-
quired for churning varied considerably. There was a
gradual increase in the time and number of revolutions up
to period 3, In period 4 the length of time and the number of
revolutions returned to the same level as in peried 1, but
in period 5 there was a decided increase again.

The greatest difference in the time and number
of revolutions required for churning in the two lots was
in period 4, when lot 3 was receiving 6 pounds of cotton seed
meal per déy. In this period lot 8 required 37.5 minutes
longer and 699 more revolutione than did lot 1, to complete

the churning.
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While this experiment shows an increased difficulty
in the churning of cream. produced from a ration in which
cotton seed meal was used, it does not show the marked re-
sults obtained by Curtis, at the Texas Station. However
Curtis fed rather an abnormal ration.. Part of his experi=
ments were conducted on a ration made up entirely of
cotton seed meal or cotton seed, and part of them on a
ration made up largely, but not entirely, of cotton seed
meal. The average time required for churning on the latter
ration at 64° F. wag one hour and eighteen minutes while the
time required for the large churning in this experiment,
to which his results &are comparable, in periodes 3 and 4,
was one hour and twenty two and one hour and twenty mihutee,
respectively. However these churnings were made at a tempera~
ure of 56o F., 8° F. lower than the temperature at which
Curtis made his churning. This would make a large diffgrence
in the time required for the churninge.

The‘per cent of fat left in the buttermilk from
both: lots was very low and the per cent of fat in the
buttermilk from the cotton seed meal ration averaged as
low as that in the buttermilk from the basil ration, show-
ing that the cream from the cows receiving the cottin seed
meal churned as exhaustively as that from the cows receiving

the ration without this feed.
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Flavor of Butter or Market Qualities.

In the first period, when both lots of cows
were on a basil ration, there was no noticeable difference
in the flavor or body of the butter from the two lots.

In the second period, when lot 3 receiwed 3 #
cotton seed meal per day, there was no difference in flavor
or body of butter that could be traced to the influence of
cotton seed meal in the ration. All the butter was mottled
some, and slightly underworked, causing the butter to be
rather short in grain and crumbly. All the butter had a
fairly good flavor excepting the first churning of lot 1,
which was a little off.

The butter made in this period was given the
following scoree on flavor and body, by Professor Eckles

and Mr. Rinkle.

First Churning Séoend Churning
Lot 1 Lot 3 Lot 1 Lot 3
Flavor 39 41 413 41
Body 34 33 23 33

In period 3 when lot 2 received 4 pounds of
cotton seed meal per day, there was a very hoticeable
difference both in flavor and in body, between the butter
produced by the cows receiving the basil ration and those

receiving the cotton seed meal.
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The body of the cotton seed butter seemed much
firmer, it also seemed more brittle than the butter from
lot 1. And though brittle, it was also sticky, adhering
to the metal trier. When placed in the mouth the cotton
seed meal butter was very slow to melt. The melting
point, seeming ly, being almost as high as that of the
mouth. In flavor the cotton seed butter had a peculiar
flat, greasy taste, with a suggestion of larde The flavor
of this butter was not especially objectionable but when p-
aced in the mouth lacked the quick characteristic butter
flavor which the butter from lot 1 had. The cotton seed
butter also seemed to lack salt.

This butter was scored by Professor Eckles

and Mr. Rinkle as follows:

First Churninge. Second Churming.

Lot 1 Lot 2 Lot 1 Lot 3

Flavor 413 40 41} 40
Body 33} 33 24 23

It will be noticed that in the first churning
the butter from lot 3 received the highest score in
flavor, while in the second churning the butter from lot
1 received a slightly higher score, so that there was
reéally no marked difference in the flavor of the butter
from the two lots. The butter from lot 1 in the first
churning received a score of 1 point higher than that

received by the other three samples.
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Both +the flavor and the body of the butter from
lot 1 were scored al;ghtly higher than that from lot 3,
by Professor Tegkles and Mr. Rinkle.

This butter was shipped to Professor M. Morten—-
son, of the Iowa State Gbllege, to be scored. It was
thought desirable to get the opinion of an expert on this
butter, who was unfamiliar with the experiment or the
conditions under wh ich the butter was made. Unfortunately
the butter produced by the cows on the basil ration develpp=-
ed an oily flavor beforebeing examined by Professor
Mertenson. |

‘Professor Mortenson scored the butter from

this period as follows:

First Churning Second Churning
Lot 1 Lot 3 Lot 1 Lot 3

Flavor 38 37 37 3945
Body 35 35 35 a5

It will be noticed that the butter from
lot 3, of the second churning receiived the highest score
of the four samples on flavor. This is probably due
to the o0ily flavor, spoken of above, developing in the
butter from lot 1. The body of the butter of 81l four
samples was pronounced perfect in body. The peculiar
flat, lardy taste attributed to the cotton seed meal,
by Professor Eckles and Mr. Rinkle, was characterized by

Professor Msrtenaon as an unclean or metallic flavor,

which he thoughtmight be due: to some method of pastuer=
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ization, showing that he detected a peculiar flavor

in the butter from the lot receiving cotton seed meal,
but wae mistaken as to its cause, as none of the cream

in this experiment was pasteurized at all. - Another
reason that might be advanced, for the cotton seed. meal
butter receiving & higher score than the butter from the
basil ration, ie that it is very probable that the
peculiar cotton seed meal flavor described above tends to
moderate somewhat with age.

During period 4, lot 3 received 6 pounds of
cotton seed meal a day.

Practically the same differences in the butter
produced by lot 1 and lot 3 occured in this period as were
described in period 3. The characteristics attributed
to the cotton seed meal butter in period 3, seemed even
more noticeable in this perkod.

The butter seemed more firm, brittle, and
sticky than when the cows were receiving 4 pounds of
cotton seed meal, and the peculiar flat, iardy taste seen-
ed more strong and noticeable. There also seemed to be
a greater difference in the readiness with wh ich the two
butters melted in the mouth than in the previous periode.
Also in this period the cotton seed butter seemed to
lack salts There was no difference in color that might
be attributed to cotton seed meal.

The cotton seed butter seemed to lack the character-

istic butter flavor and aroma which the butter produced by
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lot 1 head.

Professor Mgrtenson scored this butter as follows:

First Churning Second Churning

Lot 1 Lot 3 Lot 1 Lot 3
Flavof 3845 39 3645 37
Body 35 35 35 a5

As in the previous period Professor Mertenson
gave the body of all samples perfect scores and in both
churnings gave the cotton seed meal butter a higher
score in flavor than that produced on the basil ration.
Unfortunately the butter from lot 1 developed an oily flavor
as it did in period 3 before it was examined by Professor
Mortenson. This probably accounts largely for his scor=
ing lot 3 higher in flavor than lot 1l Professor Merten-
son incriticizing the butter spoke of the flavor of the
butter in lot 3 not being so quick as that in lot 1. He
also spoke of the body of the butter in lot 1 bding a
trifle weak and melting too readily in the mouth. This
conclusion was probably reached from comparing with lot 3,
which was very firm and melted very slowly in the mouth,
as stated before. It is very possible that the body
of the butter of lot 1 was not weak but only seemed so
on account of the unusual firmness of lot 3.

In period 5 the cows in lot 3 were taken off
cotton seed meal and put on vasil ration again. The butter
made during this period was very good, both in body

and flavor. There was no noticeable difference in flavor
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or body between the two lots of butter. No trace of
the peculiar flavor or body characteristice present when
the cows in lot 2 were receiving 4 and 6 pounds of cotton
seed meal were distinguishable.

It is hard to draw a comparison of the effect
of the cotton seed mean on the flavor and body of butter ,
8e described in this experiment, with that obtained by
other investigators, for lack of the uniformity of
control of the many factors that might influence the qualipy
of the butter. It seems apparsnt that the effect of the
cotton seed meal on the quality of thebutter, in this
experiment was not so harmful as that experienced by
Curtis of Texas, Hunt of Pennsylvania Station, and others.

While the cotton seed meal did . have a
peculiar effect on the flavor and the body of the butter,
@8 described previously, yet this effect is probably not
such as wguld hurt the market qualities of the butter,
when cotton seed meal is fed with alfalfa hay and corn
silage for roughness. This is readily shown by the fac$
that an expert judge of butter like Professor Mortenson
scored the butter produced on the cotton seed meal ration
higher than that produced on a ration without this seed,
though}he was entirely ignorant of the kind of feed fed
to the cows that Produced this butter.

One of the peculiar qualities that butter made

from a cotton seed meal ration seems to have, is that of
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having insufficient salt. Salt tests were rumn on
these samples of butter showing this characteristic and
the results showed them to have as high a per cent of
salt as samples having a normal taste in this respect.
This same characteristic was noted by Hunt in his experi-
ments on cotton seed butter at the Pennsylvania Station.
Four pounds of cotton seed meal in the ration
gave almost a&as marked an effect on the flavor and body

of the butter, as six pounds.
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Effect of cotton seed meal on the constants of

butter fat.

With reference to the. effect of cotton seed
meal on the fat, determinations were made of each churn-
ing in each period for the melting point, Reichert
Meiesl number, saponification equivalent, iodine number,
and color readings.

The results of the determinations are given
in the table.

The melting point of the butter fat from 1lot 2
increased quite uniformly from period 1 to period 3,
when the cows in this lot were receiving four pounds
of cotton seed meal & day. The melting point was raised
from 31.86 C. in peried 1 to 33.5° G. in period 3, &
gain of 1.64° ¢c. In period 4, however, when the cows
were reoeiving 8ix pounds of‘cotton seed meal, the
melting point drepped 0.169 C. When the cowe were put
back on basil reation in period 5, the melting point
dropped to 3147° C., 0.1° C. lower then in period 1,
showing that whatever effect the cotton seed meal may
have had in raising the melting point, had disappeared
within seven days after they had been taken off cotton
seed meal, seven days bedng the length of time lot 3
was on full basil ration in period 5 before samples were
taken.

The melting point of the fat from lot 1, on
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TABLE V
Showing influence of cotton seed meal on sonstants of

butter fat.

: Period :  Melting Point ¢ Reickert - Meissl :
4 t Lot 1 : Lot 2 : Lot 1 ¢ Lot 3¢
: 1 : 33,63 : 31,86 : 30,98 : 39.66:
:00‘0.0000300!.0-vooc:ooinotoco.ooo:oco0.00.0'0-301000000:
: 3 & 33.30 : 33.81 : B31.08 ¢ 30.01:
: 3 : 31,00 i 33.50 . 33,11 o 30.93:
* ee0cceseoslesesscessssstecsossesresseloescsscscecnetoicecrocseld

4 : 32.15 : 33 .34 : 30.21

30.80:

oo oo

0Occoooooo'o..00000.0,.0""'0l!!ooo.coocooco'
. . .

B : 32.86 : 3170 ¢ 30499 i  39.47:
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e e

© 0 0 ¢ e 0000000006008 0000090000000 09000000e000°000000060c0000O0OCEG S

s Color

; p.r.; Saponification : Iodine Number : (yellow)

.
0..'.O‘....CQ0.0......“...“0.‘......0.

‘Lotl’Lotsz‘?tlzLﬂa

*
L]
.......C..'.‘...
.

: Lot 1 Lot 3°

Y
...!...ﬁ..'..o..
.

3
.

. -

L3

.0..00‘.!0000.0‘0ot-noo‘ocooocoogoo.ococ

1 : 233.8

o....;oo..oo'o

333.3 : 30,40 : 30.78 : 50 : 50 -
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os ov 00 oo
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3 :233.3 : 231.0 ! 39.86 30.08 : 48 : 4%

ooooo‘o-o.cco".oooﬁotﬂoonoco-co‘oooo-oocco-c-o-qoo-c-..ﬁ
. Y *

3 1 2332.2 : 33143 : 33,13 : 33,50 : 45  : 45
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e 9o 00 00 9 PO Pr @ v v
o

P4 133149 i 331.1% 32481 : 33471 : 46 : 43
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5 : 233.0 :333.0: 30.72 : 30.80 : 45  : 47
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basil ration thru-out the five periods, remained.quite
constant at 32.63 to 32.15° Ce., with the exception of
rericed 3 when it droppred to 31.0° C.

The results of these determinations do not
show the marked increase in the melting point obtain-
ed by the other investigators. Harrington(l), of the
Texas Station, by feeding a ration, three fourths of
which was cotton seed meal, increased the melting point
T.4* 0. over that secured when the cows were on a
basil ration. The cows in the Texas experiment re-
ceived no more cotton seed meal, when on three fourths
cotton secd meal ration, than did the cows in this ex-
periment when they were receiving six pounds of coctton
seed meal a day.

Wiley (2) increased the melting point 8.5° C.
by feeding cows ten pounds of cotton seed meal a day with
light pasture, over that secured when the cows were on
full pasture ration. |

The Ontario (3) Station increased the melting
point 4.2° C. over that secured on pasture by feeding
30 # hay and 9 # of cotton seed meal.

The Alabama (4) Station obtained results more
similar to those obtained in this experiment. The melt=
ing point was increased only 1.8° C. cver that secured
on basil ration, by feeding 4 pounds of cotton seed mezal,

9 pounds of cotton seed hulls, and 4} pounds silage.

e - G G W G G B O G e e G G G B O B O G G G @ G Ga G S G o - S — —— G - — -

(1) Texas Bulletin, # 89. (3, 3, 4) Already given.
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Linsey (1) of the Massachusetts Station got
ne increase in the melting point with cotton seed meal,
but the addition of &5 of a pound of cotton seed o0il,
daily, increased the melting point.

Very little can be drawn from the results of
the determinatione on the Reichert Meissl number. It
may be said that the cotton seed meal in the ration, in
this experiment, had no influence on the Reichert Meissl
number. While there was a slight increase in the
Reichert Meissl number of the butter from lot 2, pericd
1l to period 3, there was almost as great an increase
in the butter from lot 1. Suggesting that some factor,
other than cotton seed meal, influenced the Reichert
Meissl number of the butter from both lots.

In other investigations, a marked decrease
in the Reichert MYeissl number has generally resulted
from the feeding of cotton seed meals In the experi-
ment reported by Harrington, at the Texas Station, the
volatile acides decreased in proportion to the amount
of the cotton seed meal fed. On & ration of cotton
seed meal the Reichert Meissl number was decreased
3.18, on 4 ration of cotton seed meal, 6.25 and on
£ ration of cotton seed meal, 10.85., At the New
Hampshire Station, on a ration of 40 # silage, 5% # hay,
3,05 # middlinge , and 7235 # cotton seed meal, the

Reichert Meissl number was decreased 5 MOrse

(1) Reference given before.
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concludes from the results that a low Reichert Meissl
number means & low flavored butter. This is not always
the case a8 in this experiment it might be said that
the Reichert Meissl number increased slightly and yet
the butter from the cows receiving cotton seed meal was
of a lower flavor that the butter from cows not receiv-
ing this feeds Jordan at the Maine Station produced
butter from a ration containing a cotton seed meal which
had & higher Reichert Meissl number. Wiley in one
experiment reported the volatile acids raised by feed-
ing cotton seed meal. In another experiment with cows,
on light pasture, recéiving 10 # cotton seed meal a
day, ,the Reichert Meissl number was lowered 1.3 under
that obtained from butter preduced on pasture alone.
There was a slight uniform decrease in the saponificat-
ion number of the butter frem lot 8, from peried 1 to
period 4. In period 5 the saponification number re-
turned to almost the same level as in period lI. The total
decrease was only l.2. However, the saponification
number of the butter from lot 3 alse decreased uni-
formly from period 1 toperiod 4 and returned +to
normal in periecd 5. The decréase was greater in

the butter from lot 1 than in lot 3, being l.7. As

in the Reichert Meissl number some unknown factor
influenced the saponification number of the butter from
both lots. As lot 1 received the same ration thruout

the experiment, it is not known what would cause it to






e T

decrease from period 1 to period 4 and increase again
in period 5.

The Texas Station saponification number was
uniformly increased in proportion to the amount of
cotton seed meal fed. The increase, when on £ ration
cotto n  ®eed meal, over that obtained on a basil
ration being as high as 18.

It may be said that the iodine number of the
butter was increased by the feeding of cotton seed meal.
The meaximum increase in the iodine number of the butter
from lot 2 was obtained in period 3, the total increase
over that in period 1 being 23.73. The iodinenumber
of the butter fro m 1lot 1 also increased some, but
the maximum increase was not cbtained till period
4, and the total increase over period 1 was only l.81.
“ Lindsey at the Massachusetts Station, re-
ported the iodine number ae not disturbed from feeding
cctton seed meal but upon the addition of the cotton
seed oil to the ration, the ilodine number was raised.
Morse aleso raised the iodine number by feeding cotton seed
0il but decreased it 4.8 by feeding 7.35 # cotton seed
meal. At the Ontario Station the iodine number was
raised 10.6, over that secured from a pasture ration,
by feeding © pounds of cotton seed meal. Harrington
increased the iodine number in proportion to the amount

of cotton seed meal fed. With a ration of ¢ cotton

seed meal the iodine number was increased 5.19 over that
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secured from a basil ratione.

As may be: seen in the table, the coler read-
ings of the butter from both lote decreased quite unii-
formly. It can hardly be saillr from these results that
cotton seed meal when fed with alfalfa hay makes a
lighter cclored butter.

The results of the determinations do not
show the marked changes, in the consetants of the butter
fat, obtained by many investigators by feeding cotton
seed meal. The maximum increase in the melting point
was 1.64° C. &s compared with an increase of 7.4° C.
obtaine& by Harrington at the Texas Station. There was
practically no change in the Reichert Meissl number that
could betraced to the influence of cotton seed meal,
while many of the investigations showed a marked decrease.
The saponification number was lowered slightly while
Harrington obtaired a marked increase. The iodine number
increased 3.73 as compared with an increase of 5.17
obtained by Harrington, a decrease of 4.8 obtained by
Morse, and an increase of 10.86 by the Ontario Station.

It is quite possible that the influence of
the cotton seed meal on the butter fat in this experi-
ment may have been off-set by some constituent or property
of the alfalfa hay fed. So far aes can be determined
alfalfa hay was not fed with cotton seed meal in any
of the other experiments.

The qQuestion may well be raised as to what

relation the so-called constants of the fat, Reichert
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Meissl number, the iodine number, and the saponification
number, bear to the flavor and body of the butter. In the
Reichert Meissl number determinations on the Butter

from lot 1 and lot 23 there was practically no difference
and yet there was & wide difference in the flavor and

body of the butter from these two lots.






Apparatus for Determining the Hardness of Butter

and Butter Fat.

This apparatus was devised and perfected by
"A. E. Perkins (1) and consists of a firm upright
support and a separate light frame carrying the pene-
trating needle and weight. At the top of the support,
and in the center, is suspended an electro magnet.
Attachments are on the support by which a battery.is
connected to operate the magnet. A key served for mak-
ing and breaking the current through the magnet.
Attached to the support is an adjustable pla tform for
carrying the sample whose hardness is to be tested.

On the top of the separate light frame is a piece of
soft Swedish iron to be acted on by the magnet, direct-
ly beneath this, inside the frame, is a socket and set
sorew to hold the penetrating needle in place. At the
opposite end of this frame, is a small platform for
carrying the weights? This frame with needle weighs
about 300 grama:z and in addition a 300 gram weight

was used, in making these tests. The penetrating needles
are cylindrical in shape and 10 om. long , and graduat-
ed. In making these determinations the frame carrying
the needle and the weight is suspended from the electreo
magnet. The sample to be tested is placed on the plat-

form and, is adjusted until the surface of the sample

(1) Thesis by A. E. Perkins for M. S. Degree, U. of M., 1911.
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is 10 cm. below the end of ths needle. The distance of
fall before reaching the surface of the butter ie, then,
always 10 om. The weights on the frame now hang
directly beneath the sample of butter, so that when th e
frame is released from the magnet, the needle strikes
the sample in a vertical position, and the needle
being graduated, the depth of penetration is readily
ascertained. |

The following table shows the results of the

test 8 for hardness on butter with this apparatus.

Table VII.

Hardness of Butter.

@ 0 0 0 8 0 5 00
e o 0 8 0 000 ® 8 0

.

® 8. g % 0 8 8 %9 D9 e 0O e e ® e 5 0 s o
® 0 g 04 s 0000 00 .

. Period : Lot 1 : Lot 3 .

; ; meme Penetration ; mene. penetration;

: Period 1 @ 230 : 230

; e 0099 5005008 DY ; 9 905099 99 9 Q0% 900 %0 : L BN BN BN B BE N BN N BN BE BE BE BN B BN ) ‘
" 3 335 : 190 :
"3 s 300 : 350

; ® 0 50 00 %0 00 0 9 0 : 9 9 % 2 5 00 OB S OB OO SR DY ; LI B S I B B N N N I N B Y B BN BN ) ‘

; "4 s 305 : 330

; 0 0 00 900 00 PO : P9 90 %05 % 20095 00 PO oo : L I B B B BN B B B BN B BN B A ) ‘

: " 5 310 : 305 :

These tests were made on samples that had
been kept at a unifomm temperature of 154° G. for

34 hours previous to making the determinatione as a

difference of 19 ¢ will make a great difference in
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the reading. The results given are the averages of
three: penetrations on each sample.

A study of table VII shows the hardest butter
from lot two to be in period 2, when this group of
cows received 2 pounds of cotton seed meal a day. The
dept of penetration shows the butter in period 3, to be
softer than that in any other period from lot 3. The
butter in period 4, when this group of cows receiveg S
pounds of cotton seed meal per day is slightly firmer
than that in period.s. In period 5 the depth of pene-
tration is slightly less than in period 1l. For some
unknown reason the depth of penetration shows the butter
from Jot 1 to have increased uniformly in softness from
period 1 to period 4, with the exception of period 23
when it remained préctically the same as in period 1l.
In period 5 the depth of penetration was 95 mm. less than
in period 4, and slightly less than in peried 1l. As
showed by the depth of penetration there was a great
difference in the firmness of the butter from the two
lots in periods 3, 3, and 4. The greatest difference
between the two lots being in period 4. Our practical
observations and inspections by pressure with a
knofe blade, when making and handling the butter
corroborates the determination with the hardness
apparatus. These results were contrary "to0. our ex-
pectations as it was expected that the firmness of the

butter would increase in proportion te the amount of
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cotton seed meal fed. An explanation may be found
for this in the observations of Morse and Lindsey. on
the effect of cotton seed o0il on the butter. They
found that butter from a cotton seed meal rationwwas
firm but the addition of a half pound of cotton seed oil
to the ration caused the butter produced on this ration
to be soft. Thus when 4 to 6 pounds of cotton seed
meal is fed the amount of o0il contained may be sufficient
to cause the butter to be soft.

These results agree with those of the Alabama
(1) Station in that the smaller amounts of cotton seed
meal in the ration gave as firm a butter as a larger
amount .

Moisture tests were run on these samples to
see if any difference in the per cent of moisture in
the butter from the two lots could be responsible for
the difference in the depth of penetration. The table
below shows the penetration and moisture determinations

compared.

® 0 0000202000200 0000020900090 00 °090000000200000000000000B8800

(1) Bulletin 35, Alabama Experiment Station.
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Table VIII.

; : Moisture :2 Hardness s
: t Lot 1 ! Lot 3 ::Lotl :Lot3
:0.0'0.0‘0‘.0..0000'.:0000000..'.:;000000...:".00.0000:
H H . vy MeMoe T M.NM, 4
: Period 1: 13 T 14,1 ' 330 : 330 %
:'...'....;.......‘.:...‘..Q....;:..'.'....:......'...:
: Period 3: 13 : 1035  :: 225 : 190 :
:......'.':‘.'0....‘;..’...'..'.::.......'l:..........:
: Period 3: 8¢5 ¢ 9 .1 300 : 350 :
:....'....;..'.....';.O..‘.....';:.....‘...:......’..‘:
: Period 4: 1049  : 13.15  :: 305 : 230 :
. Period 5: 11.8 : 10.8 .1 310 : 305 :

» . "0 »
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There seems to be no correlation between the
percent of moisture present and the depth of penetra-
tion. Let us look at the results under lot 3. The
depth of penetration is decreased 40 m.m. in the
second period, and the percent of moisture present in
these two samples is decreased 3.75 %. In the next
period the depth of penetration increases 60 m.m. ,
but instead of the per cent of moieture increasing, as
it would if there were any correlation between these
two factors, it decreases 1.35 %. Again, under lot 1