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INTRODUCTION

Among the various problems which confront the dairyman
of this country, there is perhaps‘no single one of more gen-
eral importance than that of providing sufficient protein in
the ration at a reasonable cést. A cow weighing 1150 pounds
and producing 40 pounds of milk requires, approximately, 2.5
pounds of protein. Approximately 15 pounds of cowpea hay,
and 24 pounds of alfalfa hay are necessary to supply this amount
of nitrogenous matter. It is, therefore, evident thet even
in dairy sections where these two high protein roughages are
grown, it is still impossible to satisfy the protein require-
ments for & high producing dairy cow because of the inability
of the animal to consume a sufficient amount of these bulky
fesds. Moreover, the maximum and therefore the most econom-
ic production of milk demands that raticns contain a liberal
allowance of protein in the form of a concentrate. Obviously
the problem of supplying protein economicelly in districts
'whefe no nitrogenous roughage is grown differs only in inten-
sity from sections having an abundance of legume protein -
in both instances a certain definite amount of the nutrient in
the form of a concentréte is needed for profitable dairy feed-
ing.

The following is a statement of the cost of protein'when
purchased in various feeds:

Price per Cost of protein Energyvalue in

| cwt. per 1lb. terms per cwt.
Wheat bran $1.35 ' 13.2¢ 48.23
0il meal 2.00 6.8 74.67
Cotton seed meal 1.50 4.2 ' 84.20

Corn 1.00 14,7 88.84






It is clearly shown, by the above table, that cotton
seed meal furnishes one of the cheapest sources of protein.
Nevertheless, statistics show that in the year 1911, 402,298
tons of cottoﬁ seed meal and cake were exported from the
United States. In other words, 151,264 tons of digestible
protein or an amount sufficient to feed 504250 cows 2 pounds
each for a period of 300 days were exported from the United
States in the year 191l. This large exportation of cotton
gseed mesl must either indicate that America has more protein
than feeders can use or that many cattle are underfed in this
nutrient. The opinion of asuthorities on feeds and feeding
connected with extension work in agricultural colleges and
experiment stations, as expressed in publications and the press,
seems almost unanimous in support of the fact that, in general,
high producing dairy cows do not receive sufficient protein.

It is, therefore, very probable that many feeders are failing
to provide protein from one of the cheapest sources, viz.,
cotton seed meal.

Practical feeders, however, raise many objections to the
feeding of cotton seed meal. In addition to various alleged
evil effects on the health of animals to which no consideration
will be given in this thesis, cotton seed meal has been held
to have certain definite and undesirable effects on the compo-

sition of butter fat. For instance, many, though not all,

investigators have found that butter made from the milk of

cows fed on cotton seed meal has a high per cent of olein and
a low per cent of volatile fats. FPurthermore, other experi-

menters have shown that when cotton seed mesl is fed with cer-






tain roughages, a very inferior quality of butter is produced.
The Purpose of this investigation is to make a further study
of the changes produced on the composition of butter fat and
the market qualities of the butter vhen cotton seed meal is
ineluded in the ration.






REVIEW OF THE LITERATURE

Hunzilker! found that corn oil, linseed o0il, and cotton
seed 0il, respectively, increased the olein and decreased the
volatile acids, while the melting p?int remained practically
the same. Linseed 0il ration gav§2;ighest per cent of olein.
In spite of the wide variations iﬁ volatile acids and per cent
of olein, the melting point inereased only slightly. Hunziker
also found that the addition of 1 1/4#”0f either corn oil, cotton
seed 0il, and linseed 0il to the ration respectively, made the
butter soft. He found that the melting point remained prac-
tically constant vhen one and one-fourth pounds of cotton seed
0il were fed. The rations consisted of alfalfa hay, corn
8ilage, and a grain mixture of three parts cornmeal, two parts
oat, two parts wheat bran and one part o0il meal.

Lindsey? found that the addition of cotton seed oil (5§
per head daily) to a normal ration or to one containing 3#
of cotton seed meal low in 0il, produced & softer more yield-
ing butter than that produced with the o0il omitted. He also
found that the addition of one-half to three-fourths of a
pound of cotton seed 0il to a ration of cotton seed meal (I
think that the ration was 3#) appeared to increase the ™t per-
centage of the milk about 0.4 of 1 per cent (5-5.4) and this
increase was maintained during the six weeks of the feeding
périod. Three pounds of cotton seed meal with minimum o0il content
(8%) had no noticesble effect on the butter. Cotton seed oil

(0.5# daily per head) increased the melting point and olein

lpungiker - Purdue Exp. Ste. Bulletin 159.

iLindsey - Mass. Agr. Exp. Sta. Annual Report, 1908, p.112.
This character (#) is used t0 indicute"pounds” in this +resis.






percentage of butter fat. Cotton seed meal with a rela-
tively high 0il percentage (12.6) produced butter fat that

was crumbly vhen hard and slightly salvy to the taste. Cotton
seed meal With & minimum perdentage of o1l (8%} likewise pro-
duced a hard firm butter.

Jordaenl found that cotton seed meal raised the melting
point but did not affect the volatile acids especially. It
also increased the iodine number. In bringing about these
effects, Jordan changed from a ration of hay, cotton seed meal
cornmeal and wheat to one of hay, peas and barley.

Hunt2 reports that the average score of eight samples
of butter produced by cows fed a ration of cornmeal 4i# and
wheat bran 6# was 80, in contrast to & score of 68 where the
only change in the cmditions was the substitution of 4# of
cotton seed meal for the cornmeal. Corn stover and ensilage
composed the roughage. There was also a raise from 93 to
990 F in the melting point when the cotton seed meal was fed.

Graves® found that the influence of cotton seed meal
on the constants of butter fat was only slightly noticeabls,
probably due to the character of the roughness fed with the
ration. The melting‘point was raised l.64 degrees centi-
grade; the Reichert lleissel number was not affected; the sapon-
ifieation number was lowered slightly and the iodine number

raised 2.72. The color was apparently not affected. The

1Jordan - llaine Agr. Exp. Sta., Annual Report, 1891, p. 67
2Hunt - Pennsylvania Sta., Bulletin 17, pp. 17-19.
3Braves - Thesis for A. M. Degree, U. of Mo., 1912.






hardness varied to a slight extent with the iodine number.
The firmest butter did not have the highest melting point.
Graves showed that the addition of cotton seed meal to a
basal ration of silage, alfalfa and corn chop, linseed meal
and wheat bran gave a harder butter. He revorts a firmer
butter from 2# than from either 4# or 6# of cotton seed meal.
Cotton seed meal made the butter harder to churn. Four
pounds mede the butter as hard to churn as did 6#. A dis-
tinet flavor was given to the butter but this was not objec-
tionable enough to detract from the marliet qualities of the
butter. The body of the butter was firm, sticky, and
brittle, with an overworked appearance. The body of the but-
ter produced from a ration corntaining cotton seed mesl and
timothy hay was poarer in flavor and in body than butter pro-
duced from a ration containing cotton seed meal, alfalfa hay,
end corn silage. Two pounds of cotton seed real when fed
with corn silage and alfalfa hay proved beneficial rather than
harmful to butter. Cotton seed meal butter had mueh better
keeping qualities and stood up at a much higher temperature
than butter produced from & ration containing no cotton seed
meale. |

Herringtonl found that the melting point of butter was
raised several degrees by a feed of cotton seed or cotton seed
meal. The iodine absorption number was also increased. The
volatile acids are greatly lowered. The effects become ap-
parent on & one-fourth ration of meal or seed, but is not

sufficient to materially affect the quality of the butter.

lﬂarrington - Texas Agr. Exp. Sta., Bulletin 29, p. 349.






7
These facts are of economic importance to a farmer who makes
butter to sell in a warm climate where cotton seed meal
is the most economic feed et his command.

1 reports as follows: "The rercentage of fat

J. Hansen
in milk is increased by palm nut cske, cocoa nut cake, and
cotton seed meel and decreased by poppy sSeed cake. Sesame
cake and rape seed cake have the same influence as peanut cake.
Rice meal exerts a favorable influence on the fat content of
milke As compared with peanut cake the daily yield of fat
was, therefore, increased by cocoa nut cake, palm nut ceke,
linseed cake, cotton seed meal and rape seed cake and decreased
by sesame cake, poppy seed cake and rice meal."

A. J. Swaving? drew the following conclusions: "Cotton
seed meal exerted no influence on the yield of butter nor the
refractometer and Reichert Illeissl number."

Curtis® found it impossible to churn butter at 60-64 de-
grees when only cotton seed and cotton seed meal wvere fed.

The best temperatures with these feeds was 73-80C F. The av-
erage time recuired at these temperatures was 33 minutes. At
68-76 degrees F, the average time was one hour and fifty-six
minutes. WVhen they vere fed largely but not exclusively on
cotton seed or cotton seed mal, the best temperature seemed
to be 68-75 degrees F and the average time fequired 38 minutes.
In discussing the subject, Curtis says: "Practical experience
has demonstrated, to my judgment at least, that if a consid-
erable amount of green stuff, whether of soiling crops, grass
lHansen - Lendw.Jahrb., 35 (1906) Sup. 4, pp. 327-369, Accord-

ing tO die So Po’ VO].Q 18 PP- 765-7660

w - % chr. Untersuch Nahr. nussntl.6 (1903
s avigg 87 i in Cent. r.Chem 32?1903 No.11 “.7%9 761
3Texas Exp. Sta. Bul ll,p 1l L&ccordmg to Wl. 15,.,.8%






or ensilage, form part of the daily ration, we may add cotton
seed or cotton seed meal in a larger proportion without de-
stroying quality than is possible when the cows are oh dry
feed." Curtis reports the following scores from the rations

indicated:

Rations
Pea vine hay BZ'

Score

Bran 5]
Cornmeal 6
Cotton seed meal 4#
Millet and pasture

! Oats 11#
Cotton seed meal 4#
Free access to dry
scant pasture about
equal to ha
Ration of nothing but
cotton seed meal raw
and cooked

86.79

76.80

70.68

o0 00 oo o0 20 00 oo co 00 c0 o0 60 o0 |0 oo

E. W. Allenl fed & ration of 10# cowpea vine hay, 20# of
corn silage, 4# of wheat bran and 5# of cotton seed meal per
head. In the following two weeks, 6# of whole cotton seed
was substituted for the 5# of ocotton seed meal. In the third
period 6# of corn and cob meal was substituted for the cotton
seed. The butter was sent to St. Louis and scored. On the
goale of 100 points, the butter from the cotton seed meal
soored 95 1/2 points, that from the cotton seed 96 points
and that from the corn cob meal 96. He concludes that the
quality of the butter was not injured by feeding 5# of cotton
seed meal or 6F of cotton seed. The average melting point

for oows fed 5# cotton seed meal was 100.1° P while that from

1j11en - Miss. Exp. Sta. Farmers' Bul. 119, U.S.Dept. of Agr.
201ark - Ala. Agr. Exp. Sta. Bul. 121, p. 203.






the corn meal and wheet bran ration had a melting point of
96.8° P.

Clerk! found that a ration consisting of 9# cotton seed,
3# wheat bran and 10# sorghum hay gave a butter practically
equal in firmness and volatile acids to a butter from a ration
consisting of 5 1/4# cotton seed meal, 3# wheat bran and 10#
cotton seed hulls. Feeding cotton seed and cotton seed meal
to cows on pasture inereased the melting point of the butter
1-3 degrees centigrade. Three pounds of cotton seed meal and
one pound of wheat bran gave as hard a butter as eight pounds
of cotton seed meal and one pound of bran. The volatile acids
in the butter were not materially affected by the different
rations.

Wood and Parsons2 found that cotton seed meal produced
a hard butter and that gluten meal produced a soft butter.
Ensilage also gave a softer butter than did timothy hay. He
also found that there was no relation between the hardness
and the melting point of butter. However, Viood and Parsons
state that the iodine number follows the hardness very close-
ly. ©Ensilage hay, corn meal and middling were fed with the
cotton seed meal. |

Morse® found that cotton seed meal lowered both the
iodine and Reichert leissel numbers appreciadly.
Hills4 found thet the volatile acids were uniformly

. lowered and the iddine number markedly increased in every case
1See note 2 on page 8

2Wood and Parsons - New Hamp. Exp. Sta.,Bulletin 13.
3llorse - New Hamp. Agr. Exp. Sta., Bulletin 16.

4Hi1ls - Vermont Agr. Exp. Sta. 12th Annual Report, 1899,p.297
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vwhen 0il was fed. Also that éorn and linseed 0il gave these
results even more conspicuously than did cotton seed o0il. Cot-
ton seed 0il raised the melting point. Hills stated that when
the softer fats as olein and linolein are in excess a&s in lin-
seed and corn oil we get a high iodine number and a softer
butter. Vhen, as in cotton seed 0il, a harder fat, stearin,
is fed we get a low iodine number and & harder butter. A1l
butter made on this ration was said to be of a good quality.
Silage and hay made up the roughage of the ration.

The work of Ecklesl, rages 12,13 shows that cotton seed
meal had a tendency to raise both the iodine number and the
melting point. Also that there was no consistent variation
in the Reichert Heisaél number., In general, the saponifica-

- tion number was lower. His work also shows that the effects
of cotton seed real were ruch less when pasture was a part
of the ration.

Wiley? lowered both the iodine and the Reichert lleissel

numbers, and raised the melting poinﬁ bty feeding cotton seed

mesal.

lkokles, 1l0. Exp. Sta., unpublished data.
2§iley - Pros. Soc. Prom. Agr. Seience - 1889, p. 88.
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Humber
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scation
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: 13

Lot 2
Do« 09
Lot 3
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Lot 4
33.80

30.1
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lpunziker - Purdue Exp. Sta.,
2Graves - Thesis A. M.jegree, Univ., of

Bul. 159

Mo., 1912.
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Lorsel s - Y : $ 2
Ensilage : : s : : s
40# : : 12 : 29.00 : 39.00
Hay 5.5# : : : : :
middlings : : : : : H
2.05,c0rn : H - $ s s
meal £.06#: : : : : :
cotton seed: 3 $ : s 3
meal 2.05#: : : : : :
gluten 3 : $ - s 3
meal 2.053#: : : : : :
Ensilage s : H : : :
hay : : H : - 3

5 5# mid-: : 14: : 26.40 : B33.40 :
2 4# oot- : : : : : :
ton seed : : H 5 : -
meal 7.25#: : : : : :
Ensilage ) ! $ : : 2
hay : s : : : -

5 5# mid- i A 3 3 2 $
linbs 2.05% s 123 : 30.80 : 38.70 :
cornmeal - 3 $ 3 X
2.05#, cote : : : : :
ton seed : s . 3 $ rl
meal 2.05#: : : : : :
gluten s : : : 3 :
meal 2.05#: : : : : :
asture H : : : : 3
%ﬁiiiage : : : : : :
40#,mid- : : : : :
lings 2.4%: : : : : :
hay 5.5# : 28: t 24.4 i 34.n0
Cotton s - - - - :
seed meal : : s : : 3
7.25 s : : $ - s
pasture : : : : :
Ensilage< : g : : : :
40# hay : : : : :
5%, mid- : : 12: : 31.00 : 36.40 :
dlin s s 2 : H s
2.35§,g1u-: : : : : :
ten meal : 3 1 : s
5.3# : : : : : :
pasture : : : : : :
Ensilage 402 : : : : :
hay b.5# : : : : :
middlings : ¢ 12 « 19.70 ¢+ 37.80 :
2.26#,8lu-: : : : : g
ten meal : : : t
3.5,cotton: t : : :
seed 01l : : : : :
13.5 oz. s H : : :
pasture : : : : :

1lMorse - 1. Hamp Exp.Sta. Bulletin 16 - p. 6.
2Average of 3 readings given in N.H.Bul. 16, p. 14.
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PRESENT STATUS OF THE PROBLEM

The l'elting Point:-

The preceding data chows that there is complete agreement
anong scientists as to the capacity of either cotton seed meal
or cotton seed 0il to cause a rice in the melting point of
butter. However, there are wide variations in the results
of different investigators and even of the same investigator
when nutrients from different sources make up the ration.
Graves, when feeding 4# of cotton seed meal with silage, alfalfa
and grein mixture found a rise of 1.64° C, but when 4# of cotton
seed rmeal was fed with timothy hay and grain mixture there was
an increase of 5.3 degrees in the melting point. Morse rais-
ed the melting point 8.1°9 C by chenging from a ration of corn
meal, bran and silage to one of cotton seed meal and hulls.
Clark raised the melting point but1.8° by changing from a rat-
ion of ground oats, corn and bran to one of cotton seed meal,
4#, cotton seed hulls, 9%, ensilage 4 1/2%. However, vhen
the ration was changed to cotton seed and cotton seed hulls,
the melting point was raised 8 degrees. Hunziker, feeding
alfalfa hay, corn silage, oets, wheat bran, and o0il meal as
& basal ration, raised the melting point as follows by the
addition of 1 1/4f cotton seed 0il; Lot 1, 1.20 C, Lot 2,

1.39 ¢, Lot 3, 20 C, These results are less marked than are
those of other ipvestigators feeding cotton seed real. In
general, however, both oil and meal seem to have a tendency

to cause a raise in the melting point of butter. It is to
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be noted, however, that rations containing a succulent feed
as silage and pasture, invariably gave a much less increase
in the melting point than did rations lacking this kind of

rougheage. Hunziker1

concludes that blue grass pasture lowers
and that corn silage has no effect on the melting point.

Iodine Number:-

In general the studies up to date indicate a lack of uni-
formity in regard to the fluctuations of the iodine number.
Hunziker, page 11, by adding 1 1/4# cotton seed o0il to & basal
ration, inereased the iodine number as follows: Lot 1, 12.1,
Lot 2, 9.3, Lot 3, 8.6. Similarly, llorse, page 16, showed
that o0il gave in general a much higher iodine number. GCraves,
page 12, with 4# of ocotton seed mesl increased the iodine
number 2.72, and 2.40 when alfalfa and silage, and timothy hay
respectively made up the roughage of the ration. llorse and
Wiley, pages 16 and 13 réspectively, found that cotton seed
meal actually lowered the iodine number and Harrington, page
14, obtained similar results when 1/4 and 1/2 of the ration
was cotton seed meal, but raised the iodine number vhen 3/4
or when all of the ration was cotton seed rmesl or cotton seed
meal and hulls. Silage also was included in this ration.

It is obvious from this discussion that whereas cotton seed
0il invariably raises the iodine number, cotton seed meal may
have an opposite effect. Data, published by Hunzikerl since
the planning of this experiment shows that o0il increases but
that cotton seed meal decreases the per cent of olein. ILess

than 5# has no effect.

lHunziker - Purdue Bulletin 159 - p. 317.
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Reichert lleigsl Tumber:-

A study of the work done on the variations in the Reichert
Meissel number indicates that cotton seed meal may have either
a positive or a negative influence. The results secured by
Lupton, Viiley and Harrington all show a lowering of this con-
stent. On the other hand, Graves found that 6# of cotton
seed meal with a ration of alfalfa and silage, as roughages,
had a tendency to slightly raise the Reichert lleissl number.
Upon changing to timothy hay as roughage, there was a slight
decline in the per cent volatile acids. The work of Graves,
therefore, suggests that cotton seed meal has 1ittie if any
effect on the volatile acid content of butter. From the
standpoint of a direct study of the cotton seed meal problem,
the work of Graves is especially significant in that all fac-
tors other than the introduction of cotton seed meal and the
amount of cotton seed meal fed remained constant. In lover-
ing the Reichert lleissl number 7.3, Lupton changed, gradually,
from & ration composed of ground oats, corn, and bran to one
of raw cotton seed and cotton seed hulls. Obviously this was
a radical change. Unfortunately, this data does not inelude
any record of the iodine number. If such could be obtained,
it would probably show a high increase in the per cent of
olein. Further it is obvious, that if there is a marked in-
crease in oleic fatty acids, there must also be a decrease iﬁ
other fatty acids, among which are numbered the volatile acids.
In the first three periods of Lupton's experiment, when silage
was a part of the ration, there was 1little decrease in the

volatile acids, and up to that stage the results agree with
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those of Graves. But in the last two periods of Lupton's
experiment when no silage was fed, we note the very conspicuous
rise in the Reichert lieissl number. The work of Harriman,
also, agrees with that of Lupton in suggesting that if silage
be included in the ration, there will be little if any varia-
tion in the per cent of volatile ecids. Accord ing to Hunzikerl
corn 8ilage tends toAraise the volatile acids and to lower the
per cent of olein, i. e., its effects are exactly contrary to

those of cotton seed meal and cotton seed 011.2

Blue grass
pasture, however, like cotton seed meal and cotton seed o0il,
tends to raise the iodine number and to lower the Reichert

S  fThis capacity of blue grass pasture to

lieissel number.
cause butter fat constants to vary in the same way as cotton
seed 0il, and to a less extent in the same way as cotton seed
meal may be responsible for the very slight decrease in
Reichert lleiss 1l number, obtained by‘Wiley when, as in three
different cases, he secured only a slightdecrease by changing
from pasture, entirely, to one where the cows received cotton
seed meal, "ad libitunm". It is obvious that the basal ration,
pasture, would in itself give ah»abnormal iodine and Reichert
Meiss1l reading, and that it would accordingly he impossible

to obtain any appreciable variation. Purthermore, Hunziker's
results with corn silage help +to account for the tendency of
all rations containing this rougiage to produce very sl ight
effects on butter fat when fed with cotton seed meal or cotton
seed oile. This property of silage and pasture grass to pro-
lpurdue Bulletin 159 - p. 307.

2Purdue Bulletin 159 - p. 317.
3Ppurdue Bulletin 159 - p. 315.
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duce opposite effects on the per cent volatile acids and
olein, has not, to the writer's knowledge, been substantiated
by other scientific investigations. It, therefore, may or
nay not be the full explanation of the small fluctuation in
the iodine and Reichert lMeissl numbers when either silage

or blue grass pasture is included in the ration.
Saponification Value:-

By far the larger portion of the work done on this sub-
jecet has omitted the saponification value from consideration.
Graves obtained a very slight but gradual decrease when feed-
ing cotton seed meal with corn silage and alfelfa hay. More
narked results were obtained when timothy hay was fed as rough-
age. In contrgst to Graves, it may be seen, page 14, that
Harrington raised the saponification value, very appreciably,
by feeding cotton seed meal. Hunziker, however, lowered the‘
saponification value by feeding 1 1/4# of cotton seed oil.
While these results do not warrant any definite conclusions,
the tendency seems to be toward a lowering of the saponifice-
tion value when either cotton seed meal or cotton seed oil
are a part of the ration. This is the result that might be
evpected from the feeding of fats and oils.

Significance of the Work up to Date:-

In view of the fact that there has been a decided lack of
control of various factors other than cotton seed meal or oil
in many of the experiments thus far perférmed, no very definite
conclusions can be drawn from them. ' It is now known that

various feeds have the capacity to cause a fluetuation in the
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constants of butter fat. It is, therefore, obvious that the
different feeds fed with a ration of cotton seed meel may ac-
centuate or retard the action of this particular concentrate,
and that any conclusion which does not take this faet into
account rmust therefore be invalid. The failure of many of
the earlier inveétigators to recognize the variations possible

from feeds other than cotton seed meal and o0il, doubtless

accounts for much of the diversity of results. If, as Hunziker

has concluded, corn silage tends to lower the iodine number
and to raise the Reichert lleissel number, it is clear that the
property of ootton seed meal and oil to raise the iodine num-
ber and to lower the Reichert lleissel number will be much less
marked when corn silage is a part of the ration.

lMany of the phenomena connected with the changes produced
on butter fat by the feeding of cotton seed meal are explained
from the standpoint of the o0il content of the meal. For in-
stance, the high iodine number produced by feeding cotton seed
meal is held to be due to the presence of the oil. Cot ton
seed o0il has a high iodine number and is, therefore, held to
be responsible for the corresponding change in the iodine num-
ber of the butter. And, since the iodine number is in real-
ity a measure of the amount of oleic acid, which of itself
has a low melting point, it 1s held that the result of a high
jodine number should be a soft butter. Eowever, many compli-
cations arise when we attempt to explain the changes produced
by cotton seed meal from this point of view. Graves, feeding
a ration of 2# of cotton seed meal produced & hard butter
but when he fed 4# he produced & soft butter. Hunziker,
feeding 1 1/4# of oil produced & much softer bodied butter.
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Thus we find 6# of cotton seed meal and 1 1/4# of oil pro-
ducing similar effects. Hovever, 4. of cotton seed tended
to harden the butter. Lindsey found that the addition of
0il to a ration of cotton seed meal gave a softer butter. o
two of the above rations were exactly alike, however, and this
fact together with the other contradictions mentioned ahove
rnakes it impossible to state anything definite regarding the
influence of cotton seed meal on the hardness of butter.

Furthermore, ve note from the work of Graves and Hunziker
that cotton seed meal and cotton seed 0il produced very differ-
ent results even though the other ingredients of the ration
were very much the same. Graves found comperatively little
variation in either Reichert lleissel or iodine numbers,vhere-
as Hunziker secured very marked fluctuations. Harrington,
however, with a ration high in cotton seed meal content pro-
duced results very similer to those of Hunziker when feeding
oil.

If, thereforc, investigations will not warrant the conclu-
sion that the changes produced by cotton seed real are due to
the 0il contained in the meal, then it would seem as though
the protein or nitrogenous content must be responsible for the
fluctuations observed. In fact, licrse did conclude that
cotton seed oil and cotton seed meal produced opposite varia-
tions on the iodine number. In commenting on his investiga-
tions, lorse writes as follows: "It was found that the oil
and the meal or nitrogenous part affected the volatile acids
alike; but the lodine number was raised by the oil and lovered
by the real. When fed all together in the original grain,

cotton seed produced the effect of the meal or nitrogenous
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matter; while corn produced the effect of the starch."

In the preceding paragraphs I ﬁave explained an obser-
vation of the data of llorse, which shows that his conclusions
are correctly stated. Still the work of Harrington shows
that cotton seed meal lowered the volatile acids and raised the
iodine number - in other words, that meal produced the sane
effects as oil. Again, the mogt marked varietion secured by
Graves when feeding cot’on seed meal was the increase in the
iodine number. lloreover, his data show that while the
Reichert lleissel number did not flucetuate much, it did tend
to increase rather than to decrease. Clark, too, failed to
influence the Reichert Meissel number by feeding cotton seed
meal.

liarket Qualities of Butter:-

Graves failed to produce any appreciable change in the
guality of butter by feeding 6# of cotton seed meal with al-
falfa hay end corn silege. Hunt, however, found that 4# of
cotton seed meal vhen fed with ensilage and corn stover and
wheat bran lovered the quality of the butter very greatly.
When feeding 4# cotton seed meal with millet and dry pasture,
Curtis produced a low grade of butter. Allen fed 6# of
cotton seed mneal, covpea vine hay, corn silage, and wheat
bran, without producing any change in the quality of the
butter.

The work thus far performed, does not warrant any defi-
nite statement relative to the effect of cotton seed meal on
the market quality of butter. In general the effect of the

cotton seed meal seems to be greatly influenced by the kind of
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roughage fed.
Hardness of Butter:-

The work of all invgqstigators studied by the writer shows
that invariably cotton seed meal produced a harder butter.
Lindsey, howvever, found that cotton seed o0il gave a softer but-
ter. Hunziker, too, concluded that cotton seed oil tended to
produce a softer bhutter. This investigator also gstates that
the effects of sotton seed 0il may be variable. Both of these
find ings, however, tend to shor that cotton seed 0il has an
effect exactly opposite to that of cotton seed mezl on the hard-
ness of the butter. This relationship between cotion seed oil
and cotton seed meal is inconsistent with the theory that the
0il contained in the meal is responsible for the changes obser-
ved in butter fat.

Churnability of Cream:-

Curtis! found that when cows were fed only cotton seed
meal and cotton seed hulls, it was practically impossible to

2 found that cotton seed mesal

churn the butter. Graves
made butter harder to churn. Hdwever, he did not have any
serious trouble in churning. Other investigators have feailed
to publish anything relative to "Churnability."

The facts thus far presented indicate that there is a
need for further investigations on the changes produced on but-

ter fat by feeding cotton seed meal.

1 & 2 (previously given)






EXPERIMENTAL WORK =

The Objeots of This Investigation are as follows:

l. To determine whether or not.the changes
produced on butter fat by feeding cotton
seed meal are due to the o0il or to the
nitrogenous part of the mesl.

2. To secure further data in regerd to the in-
fluence of the roughage fed upon the results
of feeding cotton seed meal.

General Plan:- Lot 1°was fed oot ton seed meal, Lot 2, cot-
ton seed meats and Lot 3, raw cotton seed oil. The cotton
seed meats was the fleshy part of the raw cotton seed, obtain-
ed by removing the hulls. This was accomplished by running
the cot ton seed through a feed grinder and then sifting the
broken hulls from’thé meaty part of the seed. In order to
determine to what extent, if any, the o0il was responsibe for
the changes observed in butter fat when cot ton seed meal is fed,
this experiment was so planned that all lots received the same
amount of oil at corresponding periods. Calculations based
upon the 0il content of cotton seed meall, 10%, and cotton seed
meats, 37%, made possible this equality of oil in the differ-
ent lots. Teble 1 shaws the amount of o0il fed to each lot.
It should be noted from the discussion, however, that each lot
received its o0il allowance in a different form fzogach of the
other two lots. Lot 3 recelved the raw cot ton seed oil;

Lot 2 received its o0il in the form of cotton seed meats.
Cotton seed meal provided the o0il fed to Lot 1. By this meth-
od of feeding, it was considered possidble to study the effects

of the o0il, the meal,andzgombinétion of the two, viz.,the

lAnaIysis by . S. Palmer, Sta.Chem., llo. Agr. Exp. Sta.
2s5ee Table 2, p. 27.
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cotton seed meats, upon the composition of butter fat.

TABLE I
SHOWING GENERAL DLAN OF EXPERIMENT

POUNDS OF COTTON

PERIODS § LOTS § SEED CIL IN RATIONS
No. 1 - Basal : l, 2 and 3 : None
No. 2 ; l, 2 and 3 § 0.4
No. 3 : 1, 2 and 3 : 0.6
No. 4 : 1, 2 and 3 § 0.8
No. &6 - Basal ; l, 2 and 3 § None

Cows used in this Experiment:- Three lots of two cows
each were chosen for this experiment. Lots 1 and 3 consisted
of one Jersey and one Holstein; Lot 2 consisted of one Ayrshire
and one Jerseye. In Table 2 is given detailed information con-

cerning the individuals selected.

TABLE 2
: $ ¢+ AGE :DAYS IN:LBS MILK:4 R-:AVER-
LOT :NO. OF COW: BREED : YEARS :IILK or:PER DAY :% FAT: WT.
: : 3 sDAYS AD-;:PRODUCED: :
: : : +VANCED : 5 P
: : : +IN LAC-: ) :iOundS
. : : sTATION s 2
1 i 16  : Jersey : 13 : 34 _: 27 : 3.8 ; 850
: 220  3Holsteim: 4 :100 : 20 : 3.2 : 1100
o i B7  ; Jersey : 6 181 : 12.5 : 5.4 : 830
: 303 :Ayrshire: 6 : 148 : 21  : 3.4 : 1040
5t 64 i Jersey : 21/2: 102 : 13.5 : 5.8 : 850
: 213 :Holstein: 6 : 61 : 17 i 3.2 : 1200
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Plan of Feeding:- Table 3 shows the concentrates fed
to the individual cows. In addition the cows were fed from
8-10# of both corn stover and timothy hay. This amounted to
16-18# of hay and stover or practically to feeding these
roughages "ad 1ibitum”. Individual consumption of hay and
corn stover varied slightly according to size and appetite, but
such variastions came within the limits of 8-10# for each
roughage.

TABLE 3
SHOWING AVERAGE DAILY RATION FOR INDIVIDUAL COUS

s $ : PER-: s 4 :
: s :IOD 1: PER-: PER-: PER-: PER-
LOT :COW: FEED +BASAL:IOD 2:I0D 3:I0D 4:10D 5

s e T ¥ s F s F o F o #
s :Grain IMixture st 9 : 6.0 : 6.0 & 3.0 :
: 16 - s T Y S

1 3 :Cotton Seed lieal s : 4.0 : 6.0 : 8.0 :
$ :Grain llixture : 10 : 6.0 : 4.0 : 2.0 : 10
1220 + + ; + +
: :Cotton Seed leal H 1 4.0 { 6.0 { 8.0 ¢
T :0rain Mixture i 9 :8.9:8.3;7.9:10
: 57 : i ) i ;

2 : :Cotton Seed lleats : $1.1 2 1.7 ¢ 2.1 ¢
$ :+Grain lixture : 10 : 8.9 : Bad ¢ 7.9 : 10
1303 a o 5 i -
: :Cotton Seed lleats : 2 1.1 2 1.7 ¢ 2.1 ¢
: “Grain Mixture + 10 : 9.6 : 9.4 : 9.2 : 10
: 64: H : i $ :

3 :Cotton Seed 0il ! ! 0.4 ! 0.6 ¢t 0.8 ¢
: :Grain lMixture + 10 : 9.6 : 9.4 ; 9.2 : 10
:213: . 2 8 2 2
$ :Cotton Seed 0il : t 04 : 0.6 : 0.8 :

Armsby's standards were used to calculate the energy
value needed for each cow. Throughout the entire experiment
a slight excess of nutrients was maintained. In Periods 2,
3 and 4, when the cotton seed meal, cot ton seed meats and
cotton seed o0il, substituted, had a higher therm value than

did the grain mixture, this excess was unavoidable. Inves-
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tigations at the Mis souri Experiment Stationl, however,
show thet underfeeding - not overfeeding - tends to change
the per cent of fat in the milk and the composition of the
fat as well. Calculations on the energy needed, were based
upon the fat content of the milk, as well as the number of
pounds of milk produced by each cow. (Armsby's tables do not take
the fat tost of the milk into account.) Eckles? has made
the following determinations of the therms needed for milk of

the various fat tests.

Pat Tests of 1lilk Therms Fequired Der Pound
of 141k
4-4-5% 0.3
4.5-5-0% 0.35
5.0-5.5% 0.4
5+6-5.0% 0.45
6.0=6.5% 0.50

The slight inerease (2#) in the grain mixture of cow
No. 16, Period 2, was necessitated from the fact that in
Period 1 this cow suffered a slight inflammetion of the udder
and a decrease in the concentrates was necessary until the
trouble was improvede. An improvement was accompanied by an
incerease in milk yield; accordingly more nutrients were then
needed. With the exception of cows 57 and 16, no change

was made in the grain mixture. In general, therefore, the

1
Eckles - Mo. Exp. Sta., Bulletin 100.
2Eckles - Unpublished Data.
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only change that was made in the ratione was to substitute
the meal, meats and o0il in the respective lot s.

Samples For Churning:- Two samples for churning were
taken during the last three days of each period. The first
sanple was composed of the first three milkings--two mornings'
and one night's milk--and the second sample was composed of the
last three milkings--two nights' and one morning's milk.

In preparing these samples, the milk of each lot was sep-
areted as soon as the milking was completed, and the cream
was cooled to a temperature of 45° P. After the third milke
ing was separated, the cream was added to that of the two
preceding milkings. This composite constituted a single sam-
ple for churhing. Exactly 600 oc of each compm ite cream sam-
ple was used as & sample for churning in the experimentsl
churn.1 The remainder of both composite samples was combined
and constituted a single sample used for churning in the large
barrel churn.

Methods of Handling Composite Cream Samples:- After
standardizing to twenty-five per cent oream and adding a five
per cent starter the sample was kept at a temperature of 700F
until 0.6 per cent acidity had developed. It was then cool-
ed to the churning temperature used, 64° F. Churning was
completed after the sample had stood 10-12 hours or within
48 hours after the first milking. No salt or coloring was
added to this bufter. In the case of the sample churned

in the large barrel churn, 96 hours intervened between the

first milking and the time of churning. This comparstively long

1see Chapter on Churnability, p. 33, for desoription of ochurn.
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period intervening, however, was unavoldable in that the
butter rade in this churn was derived from the cream of the
whole period, viz., three days. The temperature used in the
large churn was 56° P.

Observations as to the Variations in the Composition of
the Butter Fat:- Samples made in the exper imental churn were
used for chemical analyses. This included a determination
of the Reichert-leissl number, iodine number, saponificetion
" number, color resdings and the melting point.l

Definition of Terms:- Saponification value is the amount
of alkali required to neutralize the fatty acids in a given
weight of oil or fat.

The iodine number is a measure of the amount of unsatur-
ated fatty acids present. Since the most cormon unsaturat-
ed acid of butter is held to be oleiec acid, it followsthat
the iodine number is usually defined as being a measure of
the amount of oleic acid present.

The Reichert-lleissl number is a measure of the amount
of volatile acids present in fats or oils.

Tests on Market Qualities of the Butter:- Each sample
of butter was scored by Professor Eckles, Assistant Professor
L. G. Rinkle and the writer. Further tests on the keeping
qualities, hardness)and standing up qualitiecs were made and
the method used in each case is deseribed in the chapters
in advance, pages 45, 36 and 44 respectively, where the re-
sults are also discussed.

Variations in the Fat Constant of the IMilk:- A study
of the effects of the varieus rations upon the fat content

lohemical analgses were made by L. C. Palmer, Sta. Chemist,
University oI lo.
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of the milk was also made. Samples from each cow were col=-
lected every second day of the last four periods. As a check,
e composite sample was taken the last five days of the first
periode. The regular tests made eVefy second day of the last
period constituted a control sample far this period.

Length of Periadd s:~ Each period covered 18 days. Three
days at the beginning of each period were used in getting the
cows on full feed. Twelve days intervened bhetween the date
when the cows went on full feed and the date when the first
churning samples were taken. The milk of the subsequent
three days was used for samples. The following are the dates
of each of the five Periods.

Period 1 - December 8 - December 26 - 1912

Period 2 - December 26, 1912, - January 13 - 1913
Period. 3 - January 13 - January 31 - 1913
Period 4 - January 31 - February 18- 1913
Pericd & - PFebruary 18 - lMarch 8 - 1913
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CHURNABILITY OF CREAU

In order to maintain a constant temperature for churn-
ing, a specially devised experimental churn was used. This
churn is desecribed in detail by ‘L. G. Rinklel: 1In brief,
it consisted of an ordinary metallic churn on the inside of
which, near the center, and oppoditely, there projected two
iron frames. A two liter Jjar was supported and held in each
frame. Duplicate samples of 300 cc of 25 % cream were
churned each time. The churn was filled with Hp0 at a tem-
perature of 64°. In view of the fact that the temperature
of the churning room was from 60«65° F, it was possible to
keep the temperature of the cream in the jars at a practic-
ally constant temperature.

-The churn was revolved by means of a belt from a small
motore. This arrangement gave a uniform rate of sixty revolu-
tions per minute. All future references to the rate of churn-
ing will, therefore, be made in terms of "Number of Revolu-
tions". In Table 4 is given the number of revolutions ree
quired to churn butter to granules about the size of quail
shot. BEach reading is the average of two samples, A.and B.

The figures of the first three periods indicate a grad-
ual inocrease in the hardness of churning for all lots. The
maximum effect, however, came in Period 3 when the cows of
Lot 1 were receiving six pounds of cotton seed meal, and
those of Lots 2 and 3 an amount of oil (0. 6#) equivalent to
that contained in the six pounds of cotton seed meal. No
explanation, aside from the possibility of the animai adapt-

JRinkle - Thesis, University of lMissouri, 1910.
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ing itself to the continued feeding of cotton seed meal,
can be offered for the marked décline in hardness of churn-

ing in Period 4 when 8# of cotton seed meal were being fed.

TABLE 4
SHOWING REVOLUTIONS REQUIRED FOR CHURNING

L X

: Period : Period : Period ; Period § Period

: 1 $ 2 : 3 $ 4 g 8
Lot 1 : 1528 : 2438 : 3024 : 2463 § 1414
Lot 2 : 1625 : 2372 : 3492 ; 3022 ; 1828
Lot 3 ; 17565 § 3120 : 3685 i 2760 ; 1690

A further comparison of the data shows that four pounds of
cotton seed meal produced a butter nearly as hard to chufn as
did eight pounds.

It is interesting in this connection to study Graves' .
observations on the effect of cotton seed meal upon the churn-
ability of cream. This experimentor, with conditions similar
to thase of the writer as to tempersture, methods of churning,
acidity, per cent of fat in oream and age of cream, but with
a ration of alfalfa, corn silage, grain mixture (4# corn chop,
2# bran, 1# linseed meal) and two, four and six pounds cotton
seed meal in Periods 2, 3 and 4 respectively, obtained the re-

sults indicated in Table 3. Each period consisted of thir-

teen days.
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TABLE V

SHOWING REVOLUTICNS REQUIFED FOR CHURNILG
GRAVES' EXPERIMENTS

PERIODS REVOLUTIONS FOR CHURNING
No. 1 - Basal Ration : 18565
No. 2 - 2# C. S. Meal 2701
Noe. 3 - 4# C. S. Meal 3085.2
No. 4 = 6# C. S. Meal 2549
No. 5 - Basal Ration : 1868.5

The fact that Graves fed alfalfa and silage as roughage
as well as the fact that individuel cows may produce butter
differing greatly in ease of churning, makesa comparison of
the total number of revolutions required far churning in these
two experiments of no value, even though the conditions as to
method of churning, fat content of cream, temperature, and
acidity were the same in both cases. Hovever, & comparative
study of the results of each investigation is of immediate in-
terest in this connection.

No definite conclusions can be drawn from Table 4 with
regard to the comparative effects of cotton seed mezal, meats,
and oil. Lot 3, receiving o0il, shows the most marked effects
by reaching a maximum, in Period 3 of 3685 revolutions. The
marked decline in revolutions of Periods 4 and 5, hovever,
robs this data of any significance as might be suggésted from
the data of the first three periads.

In so far as this work shows a tendency of cotton seed

meal, in any amount, to cause an increase in the revolutions
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necessary for churning, it agrees with that of Curtis1 ot

the Texas Station. Unlike this investigator, however, no
butter was found that could not be churned even at a temper-
ature of 56° - that used in the large churn. Since Curtis
churned at various temperatures none of which were as low as
that used by the writer in the barrel churn (56°F) and since
his ration, both roughage and concentrates, was secured very
largely if not entirely from'cd:ton geed meal, it is impossible

to make comparisons of any significance.

HARDNESS OF BUTTER
The apparatus used for testing the hardness of the butter

was that devised by Perkins.®

It consiétéd essentially of a
plu:gef to which any desired weight could be attached and which
was aliowed to fall 10 cm before striking the butter. Dup-
licate readings were taken on samples of butter from the three
lotse. A pound print was used as a sample for the hardness
tests. The results are given in Table 6.

Single readings taken on samples of rendered butter fat,

i. o., butter from which water, curd and salt had been removed,

are given in Table 7.

TABLB 6
SHOWING MILLIMETERS PENETRATION IN SAMPLES OF BUTTER

s+ Averages

; Period ; Period ; Period ; Period ; Period :Basal :cotton
: 1 : 2 : 3 : 4 : b :Ration:Seed
¢ (mm) ¢ (mm) ¢ (mm) ¢ (mm) 7 {mm) :
Lot 1 : 28 : 21 : 17.56 22.5 37.5 :32.756 :20.3
. : : : : : 3
Lot 2 ¢ 41 : 19.5 : 23.0 : 23.5 : 43.0 :42.00 :21.6
Lot 3 : 26 i 2.0 : 17.0 : 21.5 : 27.5 :26.50 :20.1

T0urtis -~ Texas Agr. Exp. Sta., Bulletin II
2Perkins - Thesis B.S,degree, U. of Mo., 1911.






37

The readings on hardness given in Table 4 show that the least
renetration for Lots 1 and 3 was obtained in Period 3 when

Lot 1 was receiving four poﬁnds of cecotton seed meal. There
is 1little difference between the readings of Periais 2 and 4,
when the cows were receiving four and eight pounds of cotton
seed meal, respectiwely. A parked difference in the hardness
of the butter of the three lots when as in Periods 1 and § no
cotton seed meal, meats or oil was fed, is shown in Table &.
In both of these periods the butter of Lot 2 was much the
softest. The final reading of 43 M. 1. for Lot 2 does not
represent the exact condition of this sample, for after the
plumger had been dropped it continued to slowly sink through
the bdbuttere. (There was a slight pause after striking the
butter and it was then that the reading was taken.) Lot 2
also had the greatest increase in hardness when changed from
the basal to the cotton seed meats ration. The data of Téble 4
show that Lot 2, the softest of the threce samples on the basal
ration was made the hardest by the addition of 0.56 pounds 6f
meats (containing0.2 pounds o0il) in changing from Period 1 to
Period 2. In Period 3, however, Lot 2 agein produced the
softest butter and continued to do so until the end of the
experiment. This tendency of Lot 2 to produce a soft butter
might have been due to the fact that one Ayrshire and one

1

Jersey made up the lot. Hungiker™ found that the penetration

was 16.83, 4.88 and 1.835 mm for butter made from Ayrshires,
Holsteins and Jerseys respectively. This investigatior is
unable to account for the extreme softness of the butter from

the Ayrshire breed.
lHunziker, Purdue Agr.Exp. Sta., Bulletin 159, p. 346.






38

TABLE 7
SHOWINC PENETRATION ON RENDERED SAMPLES OF BUTTEER FAT

. *

- : : s Average of Periods
Period:PeriodsPeriod:Period :Period :

¢ 1 : 2 : 3 : 4 : B :18%6:2 3&4
_ s NM.nl. MeNs: MoeMe : MeMe ¢ NeNe : Nelle My,
Lot 1 : 18 : 17 : 18 : 17 : 20 : 19.0 : 17 1/3
Lot 2 : 28 : 17 : 17 : 18 : 33 : B30.5 : 17 1/3
Lot 3 : 18-: 22 : 156 : 16 : 21 : 19.5 : 17 2/3

In so far as the data of Table 7.shows that the butter
produced by e ither, the cotton seed meal, meats or oil rations
was, in general, herder than was that produced on the basal
ration, and in so far as it indicates the extreme softness of
the butter of Lot 2, it agrees with that of Table 6. The
data on the rendered butter samples fails, however, to show
any marked dif ference in hardness in Periods 2, 3, or 4. The
writer believes, however, that it was impossible to work with
the same degrece of accuracy on the rendered samples of raw
butter. This opinion is founded on the fact that the render-
ed samples were smaller; besides they were contained in metal-
lic cans the sides of which undoubtedly resisted the outward
pressure of the butter when the plunger was dropped and there-
by influenced the reading to some extent. However, since all
readings are .relative, it & not theoreticelly impossible
for the readings of the rendered sample s to be as nearly cor-
rect as were those on the raw butter. To what extent the
factors mentioned above influenced the readings cannot even
be approximated. It is not improbable, however, that the

s8light inconsistencies of the data of these two tables were
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due to these factors. On the other hand, the small penetra-
tion registered by Lots 1 and 3, in Period 3, Table 6, might
have been due to some difference in the amount or method of
working the raw butter. In working & small sample by hand
there is, always, a possibility of varying‘the.conditions to
a small degree at least. It should be noted, however, that
in both tables the data shows that the butter of Periods 2,
3 and 4 was uniformly harder than was that of the bassal ra-
tions. loreover, this data suggests that the‘hardneSS was
' due G the ofl Aines s1% loks bed very similar decreases in
penetration. As showm 5y Table 8, the data secured by
Graves suggest that there is no relation between the amount
of cotton seed meal fed and the hardness of the butter, for
whereas two pounds of cotton seéd neal gave & decrease of
4 M. ll., four pounds of cotton seed meal gave an inerease of
2 1. M. in depth of penetration over that obtained in Period 1.
| TABLE 8
SHOWING THE PENETRATION OBSERVED BY GRAVES

Amount of Cotton
Seed Meal in the Ration

. m. Penetration

None : 23.00
2 : 19.00
4f : 25.00
6f : 23.00

None ; 20.50

The very striking difference in the results secured by

Graves and those of the writer is that in all periods,
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excepting Period 2, when 2# of cotton seed meal was fed,
Graves secured a butter as soft or softer than that produced
on the basal rations, whereas, as is shown by Table 6, the
writer secured a harder butter in every period that cotton
.seed meal, méats or 0il were fed. It is clearly shown,

Table 6, that the hardness did not inerease with the increased
amount of cottoﬁ seed meal fed; still, all lots produced a
harder butter in the periods when either cotton seed meal,
meats and 0il was included in the ration. The sharp decline
in ‘the penetration of samples from &ll lots in Period 5, is
strong evidence of the fact that the hardness of the butter
had been produced by the 0il incorporated in the different

1

rations. This is exactly contrary to the findings of Hunziker

a8 is shown by Table 9.

TABLE 9
SHOWING EFFECT OF CORN OIL, LINSEED OIL AND COTTON
0IL ON THE MECHANICAL FIRINESS OF
BUTTER!

Depression in IM. IT.

: Group 2 : Group 3 : Group 4 : Average
Basal ; 29.2 : 10.4 : 14.6 : 18.1
Corn 0il : 40.6 : 3343 : 55.0 ; 43.0
Bassal : 375 : 20.3 i 31.3 E 29.7
Linseed 0il : 625 : 2345 ; 41.7 ; 42.6
Basal :‘ 40.6 f 18.8 : 18.8 : 26.1
Cotton Seed : 3 : :
0il : 37.5 s+ 70.8 ¢ 2l.9 : 43.4
Basal : 42.4 : 3.1 : 18.8 ; 21.4

lHunziker - Purdue Exp. Sta., Bulletin 15, p. 348.
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The above lots, according to Hunziker, were fed corn silage,
alfalfa and grain mixture compounded of corn meal 3 parts,
oats 2 parts, wheat bran 2 parts and o0il meal 1 part as a basal
ration. Five days were consumed in getting the cows on a
full feed of o0il, viz., 1 1/4#. Cn the 6th and 7th days, sam-
ples of milk were taken. Fach Basal period lasted 13 days.
In commenting on this data, Hunziker writes as followsl: "These
figures can leave no doubt that rations rich in vegetable oils
cause the resulting butter to be soft; but while the corn oil
and linseed o0il made & uniformly soft butter, the effect of the
cotton seed meal was very variable. In the case of Group 3,
it made an exceedingly soft butter and in the case of Group 4
the butter from the cotton seed 0il ration was pracically as
firm as that from the asverage basal ration. This fact clearly
indicates that all oils do not produce the same effect and that
the effect of the same 01l on different cows may vary widely."

"The variebility in the hardness of the butter is made
more obvious by noting that Group 5 actually produced a harder
butter on cotton seed meal, whereas Lots 2 and 3 produced soft-
er butter on a similar ration.”

There is obviously a lack of uniformity of results on the
subject under discussion. Hunziker feeding cotton seed o0il
and Graves feeding cotton seed meal, esch produced a softer
butter, whereas the writer obtained a much harder butter with
both cotton seed meal and cotton seed oil. In attempting to
account for the faot that 2# of cotton seed meal gave an in-

orease and 4# a decrease in hardness, Graves makes the follow=-

lHunziker - Purdue Exp. Sta., Bulletin 15, p. 348.
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ing statement: "An explanation may be found for this in the
- observation of llorse and Lindsey on the effedt of cotton seed
0il on butter. They found that butter from a cotton seed meal
ration was firm but the addition of half a pound of cotton seed
0il to the ration caused the butter produced on this ration to
be soft. Thus when 4«6 pounds of cotton seed meal is fed the
amount of o0il contained may be sufficient to cause the butter
to be soft." |

Upon further consideration of the above interpretation
mede by Graves it would seem as though his coneclusion could
hardly be drawn. It is a perfectly obvious fact that when
4# of cotton seed meal vere fed the proportion of oil to meal
was the same as when 2# of meal was fed. If, as assumed by
Graves, cotton seed meal tends to harden and cotton seed oil
to soften, then the balance must have been in favor of the
meal in Period 2 when a harder butter was obtained. if, as
appears from the table, the effect of 2# was to harden the
butter, it is only logical to assume that 4# should at least
keep up the inocrease in hardness. At any rate the increase
in softness could not be attributed to the same cause as the
increase in hardness, namelg cotton seed meal. Morse and
Lindsey, however, added the 0il to a ration containing cotton
seed meal; they were justified, therefore, in concluding that
the o0il was responsible for the softer butter produced when
the 01l was added to the ration, since by such addition of oil
the proportion of meal to oil was lowered. There is, however,
no analogy between the results of lforse and Lindsey and those

of Graves.
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The relation of the per cent of moisture in butter to
the amount of penetration is shown in the following Table -
No. 10.

TABLE 10
SHOWING THE PER CENT OF LIOISTURE AYD THE M. L.
OF PENETRATION

: Lot 1 : Lot 2 : Lot &
2 .. . : n. M. : s M. Me & %
:Penetra- :Moisture :Penetra- :Moisture :Penetra- :Moisture
Per- . tion + tion .+ tion :
iods , : : : B :
1l 28.0 : 12.0 : 41.0 : 13.0 : 25.0 : 13.2
2 : 21.0 : 9.0 : 19.56 : 9.4 : 22.0 : 9.2
3 i A7.5 i 9.3 i 23.0 i 10.4 : 17.0 : 10.0
4 i 22.5 i 10.4 : 23.5 : 10.6 : 21.5 : 10.2
5 : 37.5 : 11.3 : 43.0 3 11.4 : 27.5 : 10.0

All samples show a comparatively low water content. The
samples produced when cotton seed meal, meats and oil were fed.
end when the hardest butter was obtained, also had the lowest
per cent of moisture. In Period 3, when the penetration was
the least, the per cent of moisture was likewise the least;
8till, there ie little difference between the moisture content
of Periods 3 and 4, when the butter of Lot 4 was decidedly
softer. Graves found no relation between hardness and mois-
ture content whereas Hunziker reports a direct relation between
moisture content and depth of penetration. In view of the fact
that all of the samples tested in this experiment were low in
water and that there was no appreciable variation, it seems

reasonable to believe that the hardness found in periods when
cotton seed meal, mats and oil were fed, was due, very largely

at least, to some factor other than to the per cent of moisture.
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STANDING UP QUALITIZS OF BUTTER

In order to obtain some idea regarding the effects of this
ration on butter when placed under ordinary conditions as when
put on the table at meal time the following tests were carried
out: Samplesabout 1 centimeter thieck, and 3 centimeters square
were placed on watch glasses and hrated at gradually increes-
ing temperatures until the butter lost its shape and spread out
on the dish. In making these tests the samples were placed
in double walled metallic boxes. Water was placed between
the walls and the outer walls of the boxes were covered with
asbesios paper. This construction made it possible to hold the
temperatures very nearly constant. All samples were heated
one hour at the desired temperatures.

In general the results of these tests showed that butter
produced by all lots in Periods 2, 3, and 4 withstood approx-
imately 10 degrees F, higher temperature before losing its
shape. The butter produced o6n the basal ration, Periods 1
and 8, spread out over the bottom of the dish at 90-95 degrees
r. The addition of the cotton seed meal, cotton seed meats
and cotton seed 0il to their respective lots gave a butter that
held its shape fairly well at 105 degrees Fe. At 110 degrees,
however, the sample spfead out on the dish. In 81l tests,
the butter produced by Lot 1 was the least resistant to heat.
This fact would seem to indicate that the o0il of Lot 3, and
the meats of Lot 2 had the most effect on the "stending up
qualities”™ of the butter. Lot 2 produced the softest butter

when on the basal rations but when placed on the o0il rations

this sample became the hardest. Here, as in the tests on churn-
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ability, the maximum effects came when, in Period 3, all lots
were receiving 75% of the full allowance of cotton seed meal,
meats and oile The maximum for tests made on standing up
qualities was maintained in Period 4, however, and in this re-
spect differs from the tests on churnability. In Period 2,
about one half the maximum effects were secured; Lot 1 and
Lot 2 lost their shapes at 100° P, whereas Lot 3 seemed Some-
what more resistant. At 102° P, however, samples from Lot 3
also assumed a very thin consistency.

Throughout this experiment, there seems to be, in general,
at least a marked correlation between the results on hardness
and those on standing up qualities. Perhaps the strongest
8ingle illustration of this fact is found in Period 6, when a
basal ration was fed, for as shown by Table 4 Lot 2 then had
a much greater penetration than either Lots 1 or 3. Similarly,
in period 5, the work on atahding'up qualities, it was found
that the butter of Lot 2 began to loose its shape at 90° F,
vhereas Lot 1 resisted until 95°, and Lot 1 until 98 degrees
before spreading out on the dish. In these tests as well as
in the tests on hardness there seems to ke no relation between

the moisture ocontent and the standing up qualities.

MARKET QUALITIES OF BUTTER
The quality and flavor of this butter was tested by
Professor C. H. BEokles, Assistant Professor L. G. Rinkle and
the writer. No numerical socore was made. The samples were,
however, carefully examined am to flavor, body, eto.
It was found that the butter produced dy all lots, when

on pasal rations was very muoh the same. It was not a highly






46

flavored butter; still, it had no undesirable flavors. The
body was somewhat erumbly. Even rough estimations of the
firmness made by préssing the blade of a knife against the
sample indicated that the butter of Lot 2 was much the softest
of the three samples, but that there was little difference
between Lots 1 and 3.

All changes from the basal to the rations of cotion seed
meal, meats, and o0il, resulted in a butter with a flat, tallowy,
salvy taste, and a body that tended to resist melting when plac-
ed in the mouth. Upon melting, the samples tended to remain
in the palate of the mouth as an 0ily product. This quality
was much less marked in Period,z than in Periods 3 end 4.

In fact, it was the unanimous opinion of the Judges that the
butter produced in Period 2, when 4# of cotton seed meal, 1.1#
of meats, and 4# of o0il resvectively were fed, would not meet
any serious objection from the consumer. In the succeeding
Period @) however, the flat tallowy taste was so very much in
evidence that it was hardly possible to believe that consunmers
would not consider the butter unpala table. In order of high
0il flavor, the samples ranked, Lot 3, Lot 2, and Lot 1.

There was little difference in the quality of the butter of
Lots 1 and 2; Lot 3 was considered the poorest flavored of the
three samples. None, however, wes of a grade high enough to
permit tfgi?gg be olassed as good market butter. The butter
produced in Period 4 was of a somewhat poorer quality than

that of the preceding periods. The difference was one of

degree only, however. As a practical test of this butter a
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sample of Lot 1 was served, unknown to the eaters, to a table
of six graduate students in the Dairy Department of the Uni-
versity of Missouri. With one exception every boarder object-
ed seriously to the flavor of the butter after tasting it for
the first time. This trial was not made with the butter of
Period 3; it is the opinion of the writer that if it had, simi-
lar objections would have been raised.

Graves, feeding a ration of 2, 4, and 6# cotton seed meal
and grain mixture (ocorn chops; bran, and linseed meal) as con-
centrates and with corn silage and alfalfa as roughages ob-
tained a good quality of butter. In fact, one churning made
from cows receiving 24 of cotton seed meal actually scored
more than did the butter of a check lot receiving no cotton
gseed meal. Even with 4-6# of cotton seed meal, & fairly good
quality of butter was secured. Graves makes the following
statement in regard to this butter "while the cotton seed meal
did have & peculiar effect on the flavor and body of butter
a8 desoribed previously yet this effect is not probably such
as to 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 from the fact that an expert judge like
Professor liortenson (Iowa State College) scored the butter
produced on the cotton seed meal higher than that produced on
a ration without this seed though he was entirely ignorant of
the kind of feed fed to the cowa that produced this butter”.

Graves states further that "four pounds of cotton seed
meal in the ration gave almost as marked effects on the flavor

and body of the butter as six pounds.”™
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The preceding disucsesion indicates that the quality of
the butter produced by the writer and that produced by Graves
differed greatly. In view of the fact that the scoring of
both was done by the same men (Professor Eckles and Assistant
Professor Rinkle) and that a marked difference was observed,
1t seems logical to oconolude that the butter produced by the
writer with an exactly similar ration (for Lot 1 at 1easf)
except that corn stover and timothy hay made up the roughage
instead of alfalfa and corn silage, was distinctly inferior to
that made by Graves. . The possibility of the difference in
quality being due to the réughage fed is further supported by
the results of a short experiment of two periods in length,
performed by Graves (Experiment No. 2) in which timothy hay
made up the roughagee. The quality of this butter was very
much inferior to that prodmeed when alfal fa and silage made up

the roughage.

EFFECT UPON THE PER CENT OF FAT
IN THE MILK
Table 11 gives the individual fat tests made on each cow

throughout the experiment. At the close of Period 1, a five
days' composite sample was taken and this test was used as the
control for the first p;riod. In order to observe the imme-

diate effeocts of the cotton seed meal, cotton seed meats, and

cotton seed 0il on the per cent of fat, daily tests were made

the first five days of Period 2. All subsequent tests were

made every second day.
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TABLE 11

SHOWING PER CENT OF FAT IN LILK IN
INDIVIDUAL COW' MIIK

—
S : : : :
Lot:Cow:day : : : 5 Y : : : :
$ :com-: Dec.: Dec.: Dec.: Dec.: Jan.: Jan.: Jan.: Jan.: Jan.
: :pos-: 28 : 29 : 30: 31: 1 . 4 : 6 : 8 : 10
: «ite : : s : : 5 : :

1 .580: 2.9: 3.0 : 3.0 : 3.0 : 3.0 : 3.2 : 3.0 : 3.5 : 3.4 : 3.5
s D7: De0: Do : DeD : Ded : DeD : 009 : bel : 4.8 : De7 : D49
+B0B: R.b: 3.6 : 4.0 : 4.0 : 4.2 : 4.2 . 4.3 : 4.4 : 4.4 . 4.7
: 64: B.7: 5.9 : 6eB : 548 : 6.4 : 6.3 : 4.9 : 5.1 : 6.9 : 6.1

3 :m: 501:3:1 : 405 :B.O % 300 b4 500 :T.O . 5.0 4 5.0 * .3.5
. s JaN: JaANe: JAN.: JANe.: J8N.: Jan.: Ja&n.: Jan.: Jan.: Jan.
: 12+ 14 : 16 : 18 : 20 : 22 : 24 : 26 : 28 : 30
+ 2 oK o QZ M 5.2 : 209 M 501 . 209 . 503—: 5.0 . ?09 = 2Tg
:BT: 506: 509 : 506 . 505 4 602 2 502 b4 5.5 :ﬁ5-—5 > 5.1_ b Deo

2 703 4.2 Z.5 : 4.0 : 4.0 : 4.3 : .1 : 4.1 . 4.2, 4. T . 4.1
b4 64: 6‘0: DeO 4 6.8 s 6.1 4 5.9 c Ded b 6eD s bed b4 5.8 . 6.0

3 TIB: B.0: 2.7 : 3.0 : 3.0 : Bel : 8.6 : B.0 : 3.0 : 2.6 : 2.6
: + FeD: Feb.: Feb.: -ebe.: I'eb.: Feb.: Feb.: Feb.: Feb.: ¥eb.
: . 1. 3 . 5 + 7 <« 9 .+ 11 : 13 : 15 : 17 : 19

1 4 16: 502: 4.b M 4.1 M 4.5 « 4,4 - 4,5 o 4.4 M4 4,4 M ZQE M E.E
:220: 5.3: 301 :3.0 s 2.9 : 300 : 5.1 : 5:2 4 208 & 306 4 Ded
4 57: 5.5: 601 % bel M Deb 6.1 M4 6-5: 5.5 4 5.6 * 5.6 . 508

2 %08, 4.4; 4.5 : 4.8 : 4.4 : 4.2 : 4.6 : 4.3 . 4.2 4.7 : 4.Z

5 s 64: 601: 602 2 EO * 5.6 M 50'7 s 508 M 600 . 5.5 M 505 M 5.4
1210 Bel: 246 ¢ 240 2 247 3 2e6 : 2ol : 26 : 2e7 : 2eD 2e0
: :Feb.: Feb.: Feb.: Feb.: Mar.: Mar.: Mar.: L ar.: Lar.:. are.
: : 21 : 23 .+ 26 . 27 : 1 s+ & : b : 7 : 9 11

1 . 16: 405: 4.? 4 4.3 b 402 b 4.2 > 5.8 : 509 ° Sog M M4
e D72 0e0: DeD 2 040 3 062 ¢ 4.9 : 4,5 : 5.0 : 5.0 : :
:903: 4.0: 4e2 : He8 3 4.0 ¢ 3.0 : 3.3 1 3.6 : B.D :

5 ° 64: DeY: D8 : Dol 2 0eY 3 00 ¢« 0.4 : Bl3 . b0 -

:21 2 E—Oi: E.f: 206 4 501. M 2.6 b4 206 * 2.4 e 2.5 4

PER CENT AWD YIELD OF FAT Il MIIX
In Table 11, it is shown that the first effect of either meat
meats or o0il was to raise the ner cent of fat in the milk. Cow
No. 213 rose from 3.1 to 4.3% in 48 hours after the addition of
cotton seed 01l to her ration. In 72 hours, however, the test
of this same cow had receded to 5%, from which level it varied

but 1little during the remainder of the experirent. Tith Cow

No. 220, however, there was scarcely any rise in per cent of

fat until the cotton seed meal had been fed several days; this
cow, nevertheless, maintained her increase in per
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cent of fat in milk at a higher level and much more uniform-
ly than did No. 213, though the latter seemed much more re-
gsponsive to the 0il in the first part of the period.

It may be observed, Table 11, that the fat tests were
mnade every sSecond day. The data of Table 12 was obtained
by multiplying the three last fat tests of each period by the
yield of milk, Table 13, on the corresponding date/and divid-
ing to total fat by the total number of pounds milk. This
method was used in order to obtain, as nearly as possible,
the correct average fat per cents at the close of each period.
This same method was used in calculating the combined average

per cents of Periods 1 and 5, and of Periods 2, 3, and 4.

TABLE 12
SHOWING THE AVERAGE FAT PER CENT OF MILK IN
. VARIOUS PERIODS

: Lot 1 s Lot 2 : Lot &
Name of Period : 16 : 220 ¢ o7 : 505 : 64 : 213
t % 2 P ot P P P o %
Period 1 t 4.1 : 2.9 : 6.0 2 3.6 : 5.7 : 3.
Period 2 s 4.4 2 3.3 2 5.7 i 4.4 : 6.1 : 3.0
Period 3 : 4.5 : 2.9 : 5.3 : 4.2 : 5.8 : 2.7
Period 4 S 4.4 : 3.0 : 5.5 : 4.3 3 5.6 : 2.5
Period 5 s 3.8 3 2.7 : 4.8 : 3.4 : B.4 : 2.5
{Basal Periody, (Aver.) : . $ : . :
1l and b : 3.96: 2.8 : 4.9 : 3.45: H.65: 2.8
(Cotton Seed lieal Per.lk s : : : :
(Aver+)2,3,and 4 (Aver): 4.4 : 3.1 : 5.5 : 4.3 : 6.0 : 2.7
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TABLE 13

SHOWING YIELD OF MILK AT DATES CORRESPONDING TO
DATE WHEN SAIPLES WAS TAKEN FOR TEST-
ING AT THE CLOSE OF EACH PERIOCD

:qu:Per- Period 2 :  Period 3 : Period 4 : Deriod B
¢ "gtied : January-1913 : January-1913 : Februa : march_
: :1 710 : Ig 14 : 26 . s o0 : 13 : ‘17 3 b 7
s :Dec.: H 3 s s 3 $
2 :}%12:1bs +1bs :1bs :1bs :1bs :lbs :1bs ~1be lbs .lbs ‘lbs §§
Lot: :day : ¢ & i & b 3 3 ' :
: 16:c0m=-:19.3218.6:20.7 :201:20.7:17.9:20.5: 18 0: 19 34 18 6: 17.9-15 8
1l 2 1pos=-: - : : 5 : : - : 8 s
s tite s : : 3 : - :
s +88m=- ) : s 3 : 2 :
:220;3%;_:15.2: 63153 :15.0:14.6:14 8 14 1:12,4:13.5: 14 4:13.1: 11 8
: . : : : . : . : C l l 0 l l
$ sday : : s s : - : 3 3
Lot: 657:com-:10.5:10.0: 11 2 3 9. 7 9. 5' 9.0: 9.6 9.1:10.1: 9.8: 9.9: 9.1
- tpos-: s H - s : H s - : s
2 : tite H 8 : : : 3 -
H t8am-: . : : : :
:305;p%g,:13.2:15 o4 15 3 :14.9: 14 5: 14 7 15 5:12.5:13.8: 12 9:12.3: 12.0
; ;day ; ; H ; : ; . H H . . H
Lot: 64:com=-:13.2:10.5: 11 0 313.3: 11 6: 11 8:12.5: 13 3 13 2 12 b 11 0-11 1
: :POB-: : : . s H . H H H .
3 tite 2 g H $ : $
s ssam-: $ ) s
1213:ple :11.1:10.8310.8 112.7: 11.4 11 0: 13 8: 11 O: 11 62 11 1 10 0 9.6

From Table12, it may readily be observed that all of the
cows, with the exception of 213, had a higher average per cent
of fat whether fed on the cotton seed meal, mects or oil rations.
In general, the greatest inorease in fat content came in Period
2, or in the period immediately following the change from the
basal ration. Lot 2 on the meats shows the most marked change
in fat content and Lot 3, fed the pure cotton seed o0il, shows
the least. With none of the cows, however, was there any re-

lation between the amount of cotton seed meal, meats and oil
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fed and the inorease in per cent of fat. The fact that all
cows, with the exception of No. 213, produced milk with an
inoreased fat content is furkher confirmed by a comparison
of the average fat per cent of the basal periods 1 and 5, with
those of the periods when cotton seed meal, meats and oil
were fed,--Periods 2, 3 and 4.

There are two possible explanations of the failure of No.
213 to respond to this ration high in oil: (1) for unknown
reasons the tests made in the basal periods may have been abe-
normal; (2) all cows are not affected similarly and to the
game degree by any concentrate in the ration.

It may be noted, Table 10, that No. 213 had a test of S.i
for the first period and of 2.5 for the last period. In
other words, instead of having the inecrease normal to an ad-
vence in lactation, there was a decrease of 0.6%. The fol-
lowing is a statement of the fat tests of No. 213 as made by
the Station in eonnection with keeping the herd record.

Cow No. 213. :
Dec. 1912 2.9% (2nd month of lactation period)

Jan. 1913 3.4%
Feb. 1913 3.2%
March 1913 2.5%

If, as a basis of comparison, and average of the tests of
the months of December 2.9%, and of March 2.5%, is taken from
the herd record, the per cent of fat for the basal periods is
2.7%. It, therefore, is evident that when the tests made by
the Station men are taken as a basis from which to make compar-
isons, No. 213 had a slight increase rather than a decrease in
fat content. HMoreover, the tests as made by the Station show

that, while this cow tended to fluctuate widely in fat tests,
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the greatest fluctuation or rather decrease came in llarch,
the month subsequent to removing the o0il from her ratimn.

If there is a possibility of an excess of protein affect-
ing the per cent of fat in milk, the higher teste of Lots 1
and 2 might be accounted for from this point of view. Stil1,
Lot }, receiving the highest allowance of protein, did not
show as high a rise in fat content as did Lot 2, with a pro-
tein content about normal.

Whatever interpretation is placed upon the preceding data,
the fact that there is,under normal conditions,an inerease in
the per cenf of fat of milk should also be taken into consid-
eration. Analyses of the milk of fourteen cows throughout

an entire lactation are quoted as follows by W. A. Henry:1

18t month - 4.02% 7th month - §.9%
2nd month' - 3.74% . 8th month - 3.94%
3rd month - 3.71% 9th month - 3.98%
4th month - 3.84% 10th month - 4.19%
5th month - 3.87% 11th month - 4.58%
8th month - 3.9 %

A comparison of this data with that of Table 12 shows that the

inorease in fat percentage was very abnormal with at le ast four

of the cows - 16, b7, 64 and 303 - used in the experiment.
These results relative to the tendency of cot ton seed

meal, meats or oil to influence the fat content of milk

are copfirmed by at least a few other investigators. As

- shown on page 7, J. Hansen found that the percentage of fat

in milk was increased by palm nut cake, cocoanut ceke and

cotton seed meal.,; On the cbntrary, however, A. J. Swaving,

as shown on page 7, found that the yield of butter was not

affectéd by qotton seed meal. Lindsey, too, page 4, found

lﬂbnry - Peeds and Feeding - pe. 38l.
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that the addition of one-half to three-fourths of a pound of
cotton seed oil increased the fat content 0.4 of 1% for the

entire feeding period of siwieeks.

EFFECTS OF THE CONSTANTS OF BUTTEER FAT

In order that proper conclusions may be drawn as to the
variations in the constants of butter fat produced by cotton
seed meal, it is necesaéry that the variations whieh normally
follow the advance in lactation be taken into consideration.
In Table 131 is given, in 4 week periods, the average variations
of 11 cows, including Jerseys, Holsteins, Ayrshires and Short-
horns. It is to be noted that while there are fluctuations,
particularly in the iodine number, they are, in general, grad-
ual, and approach either a higher or a lower reading in the
later periods of lactation. At the close of the lactation
period, however, fluctuations are wider and more irregular.

- TABLE 13
SHOWING HOW BUTTER FAT CONSTANTS VARY WITH
THE ADVALICE IN LACTATION

PERIODS
T ¢ ! 5 5 T 7
Todine Number  :132.28:31.58:52.22:30.685:31.36:31.72:32.96

;
Reichert lieissl ;
§g§onifioation :
lelting Point 1O0l.75

o)es eojer |en oo |ne oo |se
s oo o0 (oo [es [ener calne
sJoee eo oo jecjor |se essfee

o jee oo jor

10 31 12 13

eples onles joe

Iod ine Number 32.26:34.56:55.41:55.48:55.17;§2.22:
Réichert lleissl :12b.20:24.03:22.48:22.18:20.29:17.20:
SaponiTication :1L20.6:0004:000.4:000.6:2106.6: :

TIng Point  :180.41:80.01:0094:34.60:88.00:36.48:

lEckles and Shaw, U.S.Dept.of Agr.Bur. of An. Ind., Bul.l65.
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TABLE 14
SBHOWING VARIATIONS IIl THE IILILTING POINT, REICHERT
UMEISSL AND IODINE NUMBERS

:llelting Point tReicher?t lleissl
Number

Todine
'MMMr

Periods:

33.80: 52 45: 53 17 :24. 56 25 38: 24 06: 33 60: 54.77 35 58

36.95.37.60.37.35 ‘26 65 23 63 22 213 53 67: 56 05: 35 6C
39. 50:37085:58 90 25 48 22 06 22074 ; 35 49: 57 04: 56 21

5835 40 10: 39 75 26 83 21 13: 19 67: 54 88: 57.07 57 57

.
e
L]
o
*
.
3
LJ
°
L]
Ll
®
.
L]
e
[
.
L]
e
J

o > [N o -

32.80: 33 b5 35 06 25.9?.23.52.23.77.54.23.57.02.56.58

TABLE 156
SHOWING VARIATIONS Ill THE SAPONIFICATION AND
COLOR READINGS

¢+ Saponification : Golor
Periods: :  Yellow : Red
‘betI’Lot 2'Ibt‘3*‘10t 1: Lot 2-Lot 3 Lot 1: Lot 2. Lot 3

'226 ls 228 0 225 4 21 50 17 50: 19 50 1. 45 1. 50 1 30

-224 1 220 O: 220 2 9.50. 5.25. 6.50. 1.25. 1.00. 1.05

-221 74 219 2. 218 0 : 6. 503 3. 503 3. 753 1. 053 0. 703 0.75

°224 b: 217 82 216 8 : b. 75 e OO 4. 50 1. 25 1. 05 1.25

o b N Jo -

ee o0 jee celee se|oe aeo

:226 83 223 83 222 8 : 8. 50 S5 25 5. 25 l.4 ; 1.2 ; 1.20
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TABLE 16
SHQ7 ING THE AVERAGE READINGS OF THE BASAL PERIODS
AllD OF THE PERIODS WHEN COTTON SEED lEAL
IMCATS OR OIL WAS FED

tReichert Ileissl : Iodine
Periods mbltin Point 3 umber : Number
Average ;Lo + L0 .Lo” :Lo :
[Basal): C o T : : :

1 &5 35 30: 33 00: 55 37: 25 26 24 45; 25 91: 53 91: 55 891 34 98

2,3 & 4 ze 28: 58 66: 58 66: 25 57 22 24 20 87: 34 68: 55 72: 56 46
Flucfu-.*
ation :44.96: #5 66 {5 26 {o 31: -2 21; -5 04 £9.77 /o 83: {1 48

TABLE 17
(CONTINUATION OF TABLE 16)

s Saponifioafion : Color
Periods: : : Yellow : Red
Averqge Lot 1: Lot E-Lot o Lot 1 IOt E‘Lot EE Lot 1 Lot £ Ibt‘z

1&5 '226 4 225 9: 224 1 156.5: 11 37: 12.37 1. 45 1. 25 1.25

3 & 4: 225 4 219 O 218 5 .2& S 91 4. 91 l. 18 O 91 1.01
Fiuotu-. s

ation : 3.0: —6.9: -5.8: -7.2& 7.46: -7 46 -0 24 : -0 34 -O 24

Melting Point:- As showm by Table 14, there was a uni-
form inorease in the melting point of all lots. The one ex-
ception to this statement is with Lot 1 in Period 4, at which
time there was a 8light decline.

ﬁ Table 16 shows the average inoreases for the periods when
cotton seed meal was fed to be as follows: Lot 1, 4.96; Lot 2,
5.66; Lot 3, 5.26. Obviously, there was little difference

in the property of the meal, meats or o0il to raise the melting
*This chafac*e*(/) is used to indicate "plus".
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point. Hunzikerl feeding 1 1/4# of o0il with a ration of

corn silage, alfalfa, oats, wheat bran and o0il meal produced
only a 8light rise in the melting point. Other iﬁvestiga-
torsl feeding cotton seed meal have invariably produced a rise
in the melting point. With & ration of alfalfa, corn silage,
grain mixture and cotton seed meal, Graves raised the melting
point 1.64° C. Hunzikerl with alfalfs and corn silage and
grain mixture (oats, wheat bran and oil meal), as a basal ra-
tion, raised the melting point but 0.9° C on an average of 3
trials. Harringtonl however, raised the melting point 8.3°C
by feeding a ration of cotton seed meal and hulls. Lupton,
too, raised the melting poiﬁt 6.5° C by feeding cooked cotton
seed and cotton seed hulls. Gravesiraised the melting point
.39 C by feeding 4# of cotton seed meal with timothy hay as
a roughage. In view of the fact that all lots used in this
experiment had approxiriately the same incrdase in the melting
»point, the conclusion that such increase was due to the oil
contained in the meal is very well established. One other
faot equally well demonstrated from a study of this data and
of that obtained at the lMizsouri Experiment Station by Gravesl
is that the inorease in melting point is greatly influenced
by the character of the roughage-. It is to be noted that

the only difference in the ration used by Graves (Exp. No. 1)
and that used by the writer for Lot 1, was that the former
used corn silage and alfelfa, whereas timothy hay composed the
roughege for this experiment. Still Graves raised the melt-
ing point but 0.95° C when feed ing 4#, whereas the writer

1See, Review of Literature, pp. 4-10.
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raised the melting point 3.15° C when 4F of cotton seed meal
were added to Lot 1, Period 2, as shown in Table 14. A
comparison of this inerease of 0.95° C obtained by Craves with
the.variation8~ given in Table 14, indicates that it is en-
tirely possible for this relatively small rise to be nothing
more than a fluctuation. At any rate it can only be accepted
as an indication of a rise in thg melting point. On the
other hand, the 3.15° C increase, observed by the writer, can
hardly be considered a fluetuation. That such was a result
of the cotton seed meal is indicated by the rise in melting
point for Lot 1, Periods 2, 3 and 4 when morc cotton seed meal
was fed, (Table 14). Graves (Exp. No. 2) when feeding timo-
thy hay as a roughage and with & grain mixture exactly similar
to that of the writer, obtained 5.3° C inecrease from 4# of
cotton seed meal. Moreover, the average increase of 4.96° ¢
in the melting point obtained by the writer in contrast to
1.43° C, by Graves, for pericais when cotton seed meal was in-
eorporated in the ration, is additional proof of the tendency
of a dry roughage - at least of timothy, hay and corn stover -
to produce an abnormally high melting point. A correlation
of the works of Hunzikerl with the results of Lot 3, fed raw
cotton seed 0il, indicates that the effect of cotton seed oil
on the melting point of butter, like that of cotton seed meal,
is influenced by the charaeter of the roughage fed in the
ration. This is as we should expect if, as this data indi-
cates, the 0il contained in the meal is responsible for the

rise in the melting point.

1Previously given.
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Relation of the llelting Point to the Hardness of the
Butter Fat:- The data of Table 18, show that, in gemneral,
an inorease in the melting point was accompanied by an in-
crease in the hardness (decrease in the reading) of the
butter.

TABLE 18
SHOWING THE RELATION OF THE IELTING
POINT TO HARDNESS CF BUTTER IFAT

Lot 1 : Lot 2 : Tot 3

Periods ;Mblting Pene~- :Melting :rene- :llelting:Penetra-
¢ Point stration:Point stration:Point : tion
: g s HeMe °C s M. ¢ OC ¢ ILIl.
1 t 33680 : 28400 ;1 32.45 : 41.00 : 33.70 : 25.00
2 i 36.95 : 21.00 : 37.60 : 19.50 : 37.35 : 22.00
3 i 39,50 : 17.50 : 37.85 : 23.00 : 38.90 : 17.00
4  : 38.35 : 22.50 : 40.10 : 23.50 : 39.75 : 21.50
6  : 32.80 : 37.50 : B3.556 3 43.00 : 33.05 : 27.50

The periods of maximum melting points were not, except in the
case of Lot 1, coincident with the periods of least penetration,

1 found no relation between the melting point

however. Graves
and the hardness of butter when feeding corn silage and alfaﬂﬁa
hay as rougahges. St111, his variations in both of these
constants were too slight to warrant any conclusions on the
matter.

Reichert leissl Number:- The data in Table 14 show that

Lot 3 haﬁ'a very marked decrease in the per cent of volatile

acidse. Both Lot 2 and Lot 3, however, suffered a decisive

loraves- Thesis, A. M. degree, U. of lo., 1912.
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and uniform decline in the Reichert lleissl number. Lot 1,
on the contrary, had marked fluctuations in this constant.
lloreover, this lot suffered a slight average inerease in the
Reichert lleissl number (Table 16). It is, therefore, evi-
dent that the effect of cotton seed meal upon the Reichert
lleissl number of Lof 1 was quite different from that of cotton
seed meats and cotton seed 0il fed to Lots 2 and 3 respective-
lye. Still, the irreguler veriations of Lot 1 may have been
due to some abnommal conditions of the cows. One individ-
ual, Noe. 16, suffered a slight attack of mamitis in Periocd 1
and while no milk from the quarter of the udder was used
(the teat went blind) there may have resulted physiological
disturbances that tended to cause such unusual Reichert
Ileiss]l readingse. If it were posaible to show that this in-
dividual was experiencing marked fluctuations, the similarity
between such results and those of the group could.very readi-
1y be understood, for Cow No. 16 produced approximately B5%
~of all the butter fat churned from Lot 1l. Furthermore, a
study of the effects of proteins in general, upon the per cent
of volatile acids tends to suggest thaf Lot 1, did not respond
normally to the cotton seed real. Wilson, as quoted by

Hunzikerl

found that cowpeas lowered the Reichert lleissl
number; also that less than 5 pounds of cotton seed meal md
no effect. Lindsey, as quoted by Hunzikerl, further states
that soy bean meal free from oil had no effect. Hunzikerl
also states that according to Browne, linseed meal tends to
decrease the volatile acids. A further study of the review

of the literature on this subject, made by Hunzikerl!, reveals

lHunziker - Purdue Exp. Sta. Bul. 159, p. 317.






61

the fact that ho protein feeds other than thwe high in fat,
cause an increase in the Reichert Ileissl number. Iurthermore,
only those relatively high in o0ils, linsced o0il possibly ex-
cepted, cause a decrease. Theoretically, then, the Reichert
lleissl number of Lot 1 should either have remained conrstant
or, because of the o0il cantent, have shown a tendency to de-
cline. From this point of viey, it seems that the writer is
justified in suggesting that 1little significance be attached
to the Reichert lleissl read ings of Lot 1.  lloreover, repeat-
ed experiments at the Missouri Experiment Stationl have shown
thet cotton seed meal has little influence on the per cent of
volatile acidscontained in butter. Jordan2, Clarkd, Lindsey#,

Graves5,

and Eckles5, have all failed to produce any apprecia-
ble and consistent variation in the Reichert Il’eissl number,

by feeding cotton seed real. In fact, Morse?! is the only
investigator whose results show that both cotton seed real

and cotton seed o0il produce a marked decline in the per cent
of volatile acids. In obtaining a decrease from cotton seed
meal, however, llorse, substituted 2.05 pounds of both corn
and gluten megl with 5.2 pounds of cotton seed meal. However,
Hunzikers, has shovn that corn meal invariaebly increases the
volatile acids; also that gluten meal, rich in fats, increases
this constent. Obviously, the question as to whether or not
the decrease in the Reichert lieissl number observed by lorse,

l2 3, 4, 6, 6 and 7 all given previously.
8Hunziker, Purdue Agr. Exp. Ste., Bul. 159, p. 17.
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ﬁhen feeding cotton seed meal, was due to the complete re-
moval of the corn and gluten meals, or to the addition of

the cotton seed meal, may well be raised. Harrington and
Lupton, by feeding rations very high in cotton seed meal did
observe a marked decline in the Reichert lleissl number. These
investigators, however, have failed to produce decisive de-
clines until practically all the ensilage in the ration was
substituted by cotton seed meal and hulls. Wiley observed

e 8mall but gradual decline in the volatile acids when cows on
pasture were fed cotton seed meal "ad 1libitum.™ 1In general,
therefore, very slight variations in the Reichert l'eissl num-
ber have been observed where cotton seed meal was fed with corn
8ilage, ensilage or paéture. In no instance was there an in-
crease of the volatile acids such as was obtained by Lot 1,
Period 2 of this experiment, (Table 14). This fact tends to
fufther confirm the idea that the variations of this Lot were
abnormal.

” In general, the effects of cotton seed 0il on the Reich-
ert lleissl number of butter fat were much more uniform and
decisive than were those produced by feeding cot ton seed meal.
lMoreover, the effects of the o0il seem to be less influenced
by the character of the roughage than are the effects of
cotton seed meal. Eunziker, Hills, Morse and the writer all
1oweredAthe Reichert lieissl number by feeding cotion seed o0il,
regardless of the great differences in the roughage fed.

For instance, Hunziker fed corn silage and alfalfa .
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as roughages whereas the vwriter fed timothy hay and corn
stover. Hills fed corn silage and lLlorse fed ensilage as
roughages. Still there was a marked decline in the Reichert
meissl reading in all of these experiments.

Regardless of the abnormal fluctuations in the Reichert
Meissl number of Lot 1, to which little consideration can be
given, the marked and uniform decline of this constant with
Lots 2 and 3 are facts which warrant the conclusion that eny
decline ih the per cent volatile acids observed by feeding
cotton seed may be considered as being caused by the oil con-
tained in the meal. '

Jodine Number:- As in the ocase of the melting point, all
lots showed an inerease in this constant. With Lot 1, hovever,
this increase was not observed until the 34 period; furthermore,
the average rise for Lot 1 in the periods when cotton seed meal
was fed, was 0.77° C as compared to 0.83° ¢ and 1.480 C for
Lots 2 and 3, respectively. (Table 16.) These comparative-
ly small average inoreases in thé iodine number shown by
Table 16 for all Lota are due, in part at least, to the fact
that in Period & (see Table 14), all of the iodine numbers,
particularly those of Lot 2 and 3, tended to remein inflated.
Consequently, the average readings of these two periods, on
which comparisons are based, are also high and the amount of
inercase necessarily low. 'If, however, the maximum increase
is measured from Period 1, the results of the rations be-
come morc apparent. . On this basis Lots 1, 2 and 3 would have
maximum increases of 1.89, 2.25 and 2.80 respectively. Even

with these values, the ranking in order of increase in the
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iodine number remains Lot 1, Lot 2, and Lot 3. If the slight
advance in the iodine number of Lot 3, can be considered as

an increase due to the 0il, as seems altogether reasonable,
then the results of the investiagion as compared to the results
obtained by Hunziker, show that the latter obtained very much
nore pronounced results than were observed in this experiment,
despite the fact that corn silage and alfalfa were included in
his ration. Upon adding 1 1/4# of cotton seed 0il to a ration
consisting.of corn silage, alfalfa, oats, bran and oil meal,
this investigator raised the melting point 12.1, 9.3 and 8.6
for Lots 1, 2 and 3 respectively. However, Hunziker fed 0.45
of a pound more o0il than the writer. Table 16 shors thet

Lot 3, invariably responded to an inerease in the 0il of the
ration. Whether or not this response would have continued is
impossilbe to state. It is, therefore, useless to attempt to
settle definitely the results of the different rations. Never-
theless, when correlated with Hunziker's work, these results
geem to suggest that corn silage and alfalfa do not offset the
property of cotton seed o0il to cause a rise in the iodine num-
ber. The work of llorse, vherein the iodine number was greatly
lowered by the addition of cotton seed oil (11 oz.), is at
variance with the work of both Hunziker and the writer. His
results, in the light of present knowledge, can only be regard-
ed as an exception to those of other investigators on the sub-
jects of both cotton seed meal and oil. It is, also, obvious
that in obtaining these merked declines in the iodine number,

llorse obteined re 'ults which seem impossible from & theoretical
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gtandpoint. Cotton seed 0il is held to be high in both oleie
and linoliec aoids, both unsaturated acids, and it is, there-
fore, diffioult to account for a decrease in the iodine number

1 Harrington®, Lupton3,

when this coneentrate is fed. Graves,
Jordant, Hi11s®, and Eckles® all found that cotton seed meal
raigsed the iodine number of butter fat. Wiley? and llorse8,
alone, obtained a decline. Clark? did not observe any fluc-
tuation of the idoine number from feeding cotton seed meal.
Relation of the Iodine Number to the Hardness of Butter
Pats- Theoretically, a high iodine number should be gecompan-
ied by a softer butter. This follows from the fact that
oleic acid, ofIWhich the iodiﬁe number is & measure, is an un-
saturated acid liquid at room temperatures. While this theory
has been advanced by many, the atlention of future investiga-
tors should Be called to the faet that an inerease in oleic acid
is not the only change possible from a ration containing cotton
seed oil. L. 3. Palmerl? caloulating from Lewkowitsoh%lre-
ports the following composition of cotton seed o0il.
| Linolic aeide...c..... ceeee.. dBe6%
Oleic 803deeee-vveenannas ce...26.6%
Palmitio 803d....ccvececenes.e21.9%
(and 1ittle archidic acid)
Glyceral, unsoponifiable
matter and volatile acids). 4.0%
PobBlesscosnscosnsessnnannses 000D
| Linolic acid, having twice the unsaturation of oleic acid,
would tend to ocause a marked rise in the iodine number. Ac-
~cordingly, the slight inerease in the iodine number observed
2, 3, 4% 6, 6, 7, 8 and 9 all previously given.

111’
OPalmer - Station Chemist, Mo. Exp. Stae.
llLewkowitsch - 0ils and Fats, Vol. 2, p. 163, 1909 Edition.
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in this and many previous experiments might not indicate the

increase of any appreciable amount of oleic acid. Moreover,

it is not theoretically impossible for the arohidic acid, with

a meiting point of 77° ¢ to more than offset the slight inerease

in oleic acid, an acid liquid at room temperature.

The result would, accordingly, be & hard butter. The palmitic

acid of cotton seed meal has & melting point of 62.6° C as com-

pared to 69.3° C for stearic acid. Obviously any substitution

of palmitic would, 1ike oleie, tend to produce a softer butter.
The results of this experiment as given in Table 19, show,

however, that in general a high iodine number was coincident with

a Geocrease in penetration.

TABLE 19
SHOWING THE IODINE NUMBERS AND HARDNESS READ INGS

Yot I : Tot 2 : ot 3
Periods tslodine : m.n. slodine : ri.m. :lodine : h.m.
tnumber :PenetratNumber :Penstrma-:Number :Penetra-

: stion : stion s stion
1 : 53.60 _: 28.00 : 34.71 : 41.00 : 53.58 : 25.00
2 : 33.67 : 21.00 3 36.06 : 19.50 : B5.60 .+ 22.00
3  B5.49 3 17.50 : 37.08 : 23.00 : 36.21 : 17.00
4 : B4.88 1 B2.50 : 37.07 3 23.50 : 37.51 .+ 21.50
5 § B4.28 : B7.50 : 37.02 : 43.00 : 36.38 + 27.50

With Lots 1 and 3, the maximum inerease in the iodine number came
in Period 3. Lot 2 had the greatest inorease in Period 2. It
is, therefore, obvious that the relation between the increase in
the ibdine number and the inoféase in the hardness is not in di-

reot proportion to the amount of oil fed, and, therefore; that
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the 01l cannot be held to be instrumental in produecing the hard-
er butter, on the sole assumption that acids of a higher melting
point, as for example archidic acids are replaocing stearic acid
in the butter fat. Obviously more 0il would, acocording to this
theory, produce a harder butter provided the individual cows did
not, upon continued feeding tend to adapt themselves to the oil
of the ration. in no case was the period of highest eotton seed
meal, meats or o0il allowance coincident with the lowest hardness
readinge. Consequently, the only statement that can be made con-
cerning this relation is that the o0il, meats and meal invarisbly
produced a harder butter, and a higher iodine number bdut that this
change in hardness was not dependent upon the amount of these nu-
trients fed.

Saponification~Number:- The data of Table 14 shows that
all lots had a marked decline in the saponification number.‘ The
maximum.as well as the average decline (Table 17) of Lot 1 was
much less marked than were those of Lots 2 and 3. The average
decline for Lots 1, 2 and 3 (Teble 17) was, 3.0; 6.9; and 5.8
respectively. This data may be presented as strong evidence of
the facet that the decline in the saponification number when feed-
ing cotton seed mezl is due to the 0il contained in the meal.

The failure of Lot 1 to respond with as large a decline as did
Lots 2 and 3 may have been caused b; the tendenecy of protein to
offset the effeocts of the cotton seed 0il contained in the mesal.
The writer has no information relative to the effects of protein
on the saponifieation number. Moreover, this lot mey not have
been a8 responsive as were Lots 2 and 3. Hunziker lowered the

saponification number only slightly by feeding 1 1/4 pounds of
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cotton seed o0il, with corn silage, alfalfa, oats, wheat bran
and linseed meal. Graves, when feeding 6 pownds of cotton seed
meal with corn silage, alfalfa, corn chop, bran and linseed meal,
failed to produce anyappreciable fluctuation in this constant.
But when timothy hay was fed in place of the corn silage and
alfalfa, Graves obtained a decline of 4.2 by feeding 4 pounds of
cotton seed meal. This decline is comparable with these results
observed in this expefiment when corn stover and timothy hay made
up the roughage. A correlation of the work of Hunziker, Graves,
and the writer not only suggests that 01l is responsible for the
changes observed in the saponification number but that such var-
iations, whether observed in rations containi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>