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INTRODUCTION. 

Cotton see.d meal, a by-produot of the cotton 

industry, has beoome our oheapest conoentrated food for 

dairy ooW's. 

Armsby, in his work on feeding stuffs, gives the 

dry matter, digestible protein and energy values of 

cotton see.d meal per hundred pounds as follo.8:~ 

Dry matter. 

91.8 

Digestible protein. 

35.15 

Energy value Therms. 

84.20 

Compare with this the values of wheat bran and oil 

meal, two of our most common feed stuffs. 

Dry matter. Digestible protein~ Energy value. 

Wheat bran 88.1 10.21 48.23 

011 meal 29.as· 74.67 

Cotton see·d meal has slightly more dry matter 

per hundred pounds than wheat bran or oil meal; 71% mor~ 

digestible protein, and 43~ more energy value than bran; 

l?~ mor digestible protein and la~ more energy value than 

oil meal. 

The prioes of bran, ootton seed meal, and oil 

meal laid down in Columbia, MO., in car load lots have 

averaged, for this winter 1911 - '12, for bran, $27.00 

a ton, or 1.35 a hundred; for ootton seed meal, $30.00 

a . ton, or $1.50 a hundredj fo·r oil meal, $40.00 a ton, 

or 2.00 a hundred. 
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The foll wing co~tations show the compara

tive values of these feed. of one therm ener,y value 

and one pound digestible protein at the prices quoted above. 

• .................... i ••••••••••••••••••••••••••••••••••••••••• · ............................................................ . .. .. . . Di&est- Cost -of 1 
• • 

Cost : 
100 
lba. : 

Energy: Cost of 
value : 1 therm ible lb. digest-: 
100 ener y : Protein : ible 
Ibs. value : 100 Ibs. : protein · . . . . . 

· · · · 
• ••••••••••••••••••••••••••••••••••••••••••••••••••••• e •• e ••••• 

Therms:. Cents Pounds Cents e · · . . . . . . 
• • • • e • e • •• e e • • • • • • • • • • • • • e • e • • • • • • • e • • • • • • • • e • I • • • • e • • I Ie. e e e • 

: Whe :t 
bran : 1.35 : 48.133 : 2.'9 

· · .. .. 10.21 · .. 13.aa 
• • 
e · 
• · . . .. . . . 

• I • • • • • • • • Ie. • • • • • e e • I • • • • • • • • ~ • • • I • , • • • • • • • • • • • e I • • • • • e e • • • • • 

: Cotton : 
: S. M. 1.50: . 84.20 : 1.78 :15 5 · 4.29 e 

• · . . . . ~. . 
• • • • e • • e • • e • e • e • • • • • • • • • • • • • e • I • I • e • , • • e • • • • • I • • • • e • • e • • e • • • • e 

: Oil 
: meal 

. e . 

2.00 : 
. .. 

'74 .67 : 2.67 e· 29.26 · · 6.83 
• e 

I . 

• 
• • • • • • • • • • • • • e • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • e • .~ . • • • • • • •• 

Thi shows us that ootton eed meal is oon-

siderably cheaper, for both ener&y value and protein, 

than oil meal or bran. 

If the ener&y value of bran were sold at the 

same price per therm at which we buy cotton see meal, 

it would cost us only 85 oents .hundred or 17.16 a ton 

as compared with 27.00, its pres nt price. 

bOUlht nerlY alu in cotton seed meal at the rate we are 

payina for it in bran, it would cost U8 2.3 per hundre 

pounds or 46.98 per ton. Again, if purchase·d bran for 

its protein value t the rate protein costs us in cotton seed 

meal, our bran would cost us only 53 cent a hundred, 

or 10.68 a ton. Cotton seed meal 





purchased for ita protein valu t the rate we pay for 

protein .in bran would cost $4.64 a hundred or 192.92 

per ton. 

In the 8ame way it may be shown that the 

energy value of oil meal purohased at the cotton seed 

meal rat , would cost 11.32 a hundred or $26-.58 a ton 

inatead of $40.00 a ton. Or, its protein value, at the 

cotton seed meal rate would be $1.24 per hundred pounds 

of feed or $24.92 per ton. A mixture of corn meal and 

ootton aeed meal is the aheapest grain ration, at the 

present time, that the farmer aan feed ,the dai~ cow. 

Many peopl , however, feel afraid to feed cotton seed meal 

for fear of injuring the quality of their products. It has 

long be.n a prevailing opinion that cotton aeed meal haa 

a detrimental effeot on dairy product., espeoially butter. 

Butter in the South is usually of very poor quality, and 

a good deal of the cause of it has been attributed to the 

general use of cotton seed m al a8 a dairy food. 

Butter from a cotton seed meal ration is said 

to have a harder, firmer body and does not melt at a. low 

a temperatur . a8 butter produced. from a fhlt on without 

this feed. Some investigators have found b t t er made 

from a cotton seed meal ration haa a tallowy, aalvy ta8t., 

i8 lighter in color, and the oream is more difficult to 

ohurn. Other inv atigatora repo~ the quality of the 

butter not injur d by feeding ootton 8eed meal. Som of 

the experiments ahow the oonatant8 of the fat to be marked-
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1y influenced by this ration while other experiment. 

-how that the _am. constituents are either not influenc

ed at all or ela8 influenced in the opposite direction 

by the use of this feed. 

A large per cent of the cotton seed meal pro~ 

duced in this country is fed in the dairy countriea of 

Europe. In many of the leading dairy state. of the United 

States ootton seed meal is almost an unknown feed. The 

economy of using cotton seed meal in place of some of 

our more commonly used feeds has already be&n pOinted out. 

Then why is cotton seed meal not more generally used in 

this country, where it is produced, when it i8 so uni

versally used among the dairy men of Europe? One of the 

reasons haa been given, namely, the fear of injuring the 

quality of the product. Another reason is the fear of 

injuring the health of the animal. Whil'e it is not the 

purpose of this paper to take up this aide of the ques

tion, cotton seed me'al 1. 1'robab1y not injurioua to 

the health of animals when . not fed in excessive amount •• 

One Jersey cow haa just completed a year' 8 record at 

this station, inmich she received aix pounds of cotton 

seed meal per day with no apparent injury to her health. 

In the South it is not an uncommon thing for dairy men 

to feed their 00W8 from 8 to 10 pound. of cotton seed 

meal a day, and their animals suffer no ill effect •• 
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However, from an eoonomical standpoint, it is aeldom wiae 

to use so muoh of this highly nitrogenous feed, .peoially 

where it is possible to seoure corn. 

Obviously these are the two principal reasons 

why ootton seed meal haa not found a wider use as a dairy 

feed in this country. Though from the view point of 

eoonomy it seems that it should be one of our most 

oommonly used feed.~ '. tated previously the result. 

of the investigations lready oarried out along the 

line of the effeot of this f.ed. upon butter have 

been marked by a laok of uniformity of results. In 

view of this it seems desirable to oonduct this ex

periment with the object of ascertaining the effeot of 

ootton seed meal on the churnability of cream and ita 

influence upon the market qualities of butter. 





LITERATURE. 

Effeot of ootton seed meal in the ration on the oonstanta 

of butt er fat. 
( 1) 

Lindsey, of the Massaohusett. station, has 

oarried on some extensive experiments with different · 

feeds and oila in regard to their effeot. upon butter fat. 

He found that ootton seed meal with a minimum oil oontent 

of eight re r oent, produoed little ohange in the oom

position of butter fat. But the addition of .5 of a pound 

of cotton seed oil, dail~, to the ration increased the 

melting point and the iodine number. He found that a rise 

in the iodine absorption (inorease in olein) is a r ason-
.U~ 

ably lndication of a soft bodied butter, which will lack 

in firmness at a temperature of 70° r. .l high melting 

point is not a.ure indioation of a hard, firm butter. 

I~ seems that the proportions of the several fat. are 

mor or less chang d by an excess of oil 1n the "feed and 

that this ohange varies the m lting point. 

Harrington~a) of the Texas atat ion fed four 

oow varying amounts of cotton seed meal with the follow-

ing results: ! marked increase in the saponification 

qulvalent, an inorease in iodine abso~ption, a very 

large d orease in the per oent of volatil acid., and 
-------------~~---------~~~----~-----------~---~~---------~-----~~-~ 

(1) Annual Report Massaohusetts Exper. Sta. 1907. 

(a) Annual R port Texas Exper. Sta. 1891. 
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an increase in the melting point of ' So C. Harrington 

calls attention to the fact that a pure butter derived 

from a cotton seed meal ration might be mistaken for a 

butter adulterated with other fat., if judgment is 

baaed upon the com~ assumption that a natural butter 

may be aafe17 distinguished from oleomargerine by esti

mating the volatileacida present. The amount of these 

aoids is ordinarily much higher in pure butter than in 

the fat used in the manufacture of oleomargerine. 

Doctor " 'iley}l) of the United States ,Depart

ment of Agriculture tested s~me sample. for Harringt~n 

and found that the per cent of volatile acid. were 

raised and a180 the iodin absorption number. Later in 

an experiment at the Maryland Station Doctor Wiley found 

the iodine number and the volatile acid. both decreased. 
(2) 

At the New Hampshire Station, F. W. Mora. 

oarried on s veral experiment. with ootton seed meal, 

and cotton seed oil. 'lith a grain . '_': ation of seven 

pounds of cotton seed. meal and two and one fourth pounds 

midd1ing8,he lowered the Reiohert Meissl number and 

the iodin absorption number. Morse oonoludes that a 

10. Reiohert Meissl number mean. a 10w' flavored butter 

and a decrease in the iodine absorption number meane • 
-----------------~-~--------~------~-----------~~---~~----~-----------(1) 

Proo. Soc. Prom. Agl. Sci. 1 1889. 

(S) Annual Report New Hampshire Station, 1893. 
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harder butter. Morse fed eleven ounces ot ootton seed 

oil daily and lowered the Reiohert Meis 1 number and 

raised the iod~e absorption number. Both the meal and 

the oil lower d the Reiohert Meia 1 number but the oil 

raised the iodine absorption number and the meal lower-

ed it. 

The Mi88iSSippi(1) Station reports that 'orua8 

cotton seed oil has a quantity of so-called vegetable 

stearin which is separated from the refined oil in the 

prooess of refining. The fatty aoids of this vegetable 

stearin have a high melting point and it general charac

ter is not unlike that of other oil. that have been found 

to produo hard butter. 

In ~p.riment. by Jordan(a) at th Maine Station 

in 1891, the butt r produoed on a ration of ootton s ed 

meal, bran, and oorn meal was harder; co~.ined • larger 

amount of volatile acid., and showed a higher iodine number 

than that produoed on a ration of linleed me 1, bran, and 

corn meal, or of pea and barley mealj but in .xper1ment. 

in 1893, in whioh a ration ot a p und. of corn meal, a 
pounda of cotton seed meal, and two pound. of gluten 

meal was oompared with one of 6 pounds 0f corn meal, there 

was no dift renoe in the butter. shown by ohemical t at • 
. -~~-------~-~~-~~------~---------------~~------------~~----~~-----

(1) Farmer. Bull t1n,Un1t d State. Dept. Agr. 1 119 • 

(a) Annual Rpt. Maine Exp r. Station, 1891. 
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The Alabama Station(l)in experiments with ten 

00 •• found the melting point ~iformly raised and the 

Reichert M i •• 1 number lowered. 
(a) 

The Ontario Station ob.erved a marked in-

orease in both the melting point and the iodine absorp

tion number, by feeding ootton seed meal. 

In •• veral experiments at the Missouri Station 

(not in print),the saponifioation number was lowered, 

the iodine abaorption number uniformly rai8.d, and the 

Reiohert Meia.l number in most oases lowered. The 

melting point wa raised. 

In summing up the experiments on the effect 

of cotton aeed meal on the oonetanta of butter fat a 

laok of uniformity in reaulte 'i8 evident .• 

Lind.ey got but little ohange in the compo

sition of fat with ootton seed meal, while all the other 

investigators got marked chang s. 
Moat of the results show a decrea.e in volatile 

aoid_, · from both the meal and the oil. Alao an inareas. 

in the melting point, although it 1I)u14 .eem that ootton 

seed, having a larg'. per oent of lein whioh i8 liquid 

at ordinar,r temperature., would decreaa, the melting 

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

(1) Bul. f 25, Alabama Station. 

(a) Annual Bpt. Ontario Agrioultural Oollege, 1891. 





Mors and Wil W get a lower iodine number. Harrington(l~ 
the Maine Station, the Ontario Station, and the Missouri 

Station (not in print) r port the iodin number raised. 

As stated befor Morse and Lind ey think an inor ase in the 

iodine number an indioation of a soft bodied butter while 

the Missouri Station take . the vi w that a high iodine 

numb ,r does not neoessarily me n a 80ft butter. !h 

Texas Station(3) got an increas in the saponification 

equivalent while the Missouri Station got a deorease. 

It has been the general o~~ion that the .oil 

in the cotton se d meal is in some way responsible for the 

firmer body of the butter from that feed. Morse and Lind

.ey f d ootton seed 011 and got a 80ft bodied butter. A 

table follow. ahowing the results of some of these xperi-

menta. 
--~-----~--~---~---~-----------~----------~-~------~~~~~~--~--~-~~~~ 

(1) 

(a) Bulletin f a9, Texas Station. 
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TABL.E ::::1-. 

Eflfec,±s --o~ - -." - - :. -- -- - -" - " b -_ _ __ _ "~'- .-OY-\,,: See-'A-__ p_r..G_,tuc± s o~u+-I-_e _r __ _ 

ALABAMA STATiON (:1) -
51= Oa1-5) 5--Co .. n.l 5~ 

BraY\ -- - --------
3;t7Co4f-ol'\ Se.ed Meq I J Jf=f" 

04fs, ~* t3t"Q-n, II#"S, \Q ')e ---

4-'Co*on See.ol MeG\I.l3~Co4f-o., 
Seeal H u,,~ .J4-~# ~ i '(l,'je --

~QVV C.O-Y-Oh Se e.c.t g'l"l4 

CO*Ol1 SeeJ Hulls ----
COC'JkeCJt CO ..... Oh Sae.ot a~a 

t:oihl1 Seed t-4utl~ - ---
.tiEW tfAMPSHIR£ STATION (2.) ' 

40"'S, ,~,e, .Jst:#:- HA J .J A.,OS#

e.a.c:,h of mi~d(;n~sJ c.oY'~ megl" 

10 

10 

10 

/0 

10 

e,o~cm see& Yl1eal, ~01 4 
,Iu+en me.cd - - - - -

.."a*" S , I o.1e. J s t+ \t01 ,~os-"* 
n\idJ'; t'J~.s I 3 . .s"q I u+el1 meal" 
13.5' O~. ca*otl se.e.d 0,1_-- I 

7 

7 

7 

7 , 'f.3. Co :22. I 

7 #2.7 2.2.5 

29. 9 "?>Q,g 

IB Z4.9 5+ 

20 20.3 a3.8 
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TABLE :1..-., Cent. 

No. 
r\at,'tin of 

(p""s 

ONTAR'O STATION ("3) 

-pas+v .... e- - ----- ~ 

3o·hQ~ J 9"'1;."see~ rnea ,)- , 

Z 
2.0* h Q ~ I ..... 41: I,.y.sece.( yy\ Q.", I 

..s-~ eoit-on .see~ rneAI ___ I Z I 

30* hay I 9#. coif 0 l') -see,cA 
meol-- -- _____ Z 

TEXAS STATION (4) 

Corn 11&. eo b YYlSQ I ~ D taTS, 
bran oJ s;, a,e...J sDr,h V~, pea 

vine hClj ,Ie PQs+ure_--- 6 

Co*on seed hulls Q -nd 
Co-H-on seecJ mea 1-- - - - 6 

'Raw or Cook~rJ wh "If!; 
c,ottc)"" .se eel - - - - - - - G 
,'"PQ ... + Co"itOh Seeef Mea t 
~ -p" r+s Oo+S. So..,htJ", HCl1J G antA Sc,,,,,,-t'1>Q6-+ure _--

E1-\JQ I t>ar-tS eook.~ co-ffOl't 
seed Q Y1d Oca+s" se. G\ \ft+ 6 fCls+ure-_------ -

Corn Meal WheQt'Bran J 

4-Q nd S .. JQ,~e -----
...L RQ+;on CDff-on Seea 

4-4- Meal-- ___ - __ 

-----

DQjs Ol\ Me '+in~ Re,c.ha .. t LcI,,,,,~ 

Feeot ~() i..,1- Meissl No. be.fo~e. (·C.) No. 
sa ""'Plit\' 1 

21 32.3 2.+.4-

21 82. . .3 37 
I 

: -34.6 
I 

21 : 

I : 

i 5t) 2' ' 3<O.S I 

I 

g 35 ,-s.al.. 

8 40.8 20.3 

8 +0.4- IS.; 

, 
g 87.3 2".~8 

9 3b.Co 2~.78 

{aa , (. a3.2. .2.6.9 ~O.,l,2 

25 3~.5 2a.'7Z ~2.3~ 
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TA:e,L E .:L. - Con+. 

~ .~- , - • ___ ~_ ~ ___ ~J 

~ No. ))QjS ~~ttin, ~ichQrt Iodine ( 
Ra+ion ol on , PoinT Me, ss' Fee.d No. (Ows. before tC.) No. sca t'\'\pli "'1 

. 

, -t RG\+IOt1 C otf-O)"\ 

See a Mea\ _-- 4- ~'7 39.1 '63.04 ,4- 20.65 

*~Q+ion c:::..o++o~ 
4- [: ' +D.G , ~.Z4- 35.'3~ 

I' Seed Meal--- 1'+ , 

co-++o~ See.d Hu lis 
17 ~2.34-Q"fA Co*on Seed Mea 1--. Z +1.4- I '2.'.s 

VV'LEY~ Re:SULTS (4-) 

-Pas+Uy Q~~ ---- 3 10 35:4- 22.4- 3g.~ 
-

10* Co -\ton Seed 
i Me41 "Per- DQ'j , Q Y1 d ~ 10 41.e 2.1.1 34.7 
Li~h + -PGtsTure---

I' I 
-- -

(I) Bulle+in -25, Alabama S1-ation 
(2) Bu lIetiYl *16, New Hampshire Sf-ot;on. 

(3) Annual l\epor+J Ontario A~r. Col le.'Je, '891. 
(4-) Annuo/l?epart, TexQs Station ~ , 88.9, 

Bulletins .1.1. & 29. 
(S)"Proc. Soc.."Prom. AcjI.Sc..i . .> 188.9. 
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Effeot of Cotton seed meal in the ration on the churn

ability of oream. 

Curti.(l) at the Texa Station has done more 

'work than anyone e1ae on the ohurnability of oream from 

a ootton seed meal ration. 

Curtis made six ohurning testa on cream from 

00W8 fed exolusively on ootton seed or ootton seed meal. 

The temperature at starting was 6So to 70° F. and at 

closing 74° to 76° F. An average time of one hour and 

fifty six minutes was required ~o bring butter in 

granule 8 the size of quail hot. With oream from the 

same OOW8 on the aame ration, three ohurninga ' were made 

w1 th temperature at start ing, 730 to 780 F., and at 

olosing l 75° to 800 F. Butter was obtained in the 

average time of thirty three minutes. With OOWS fed a 

r ti0e made up largely but not entirely of cotton seed 

meal l two tests were made with the temperatur. of the 
o 

oream at starting l 64° F. and olo8ing at S8 F. The 

average time of the ohurnings was one hour and eighteen 

minutes. Six tests were made with cream produced on .thia 

ration with l~perature at starting 6So to 71° F. and at 
o 0 

olosing 70 to 75, F. The average time was thirty eight 

minutes. Curtis concludes that where ootton seed meal 

is used largely in the ration a temperature of four to 

eight degrees higher is required than for cream pro-
--~------~~~~-----~~---------------~~~----~-------------~~---~--------

(1) Bull tin fIll 'Texas Station. 
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duaed on rations without this feed. Mayer(l) found 

milk from ootton seed cake rations to be harder to 

churn than from peanut, linseed or poppy seed cake 

rations. 

Effects of cotton seed meal 1n the ration on butter. 

As stated before, it is generally believed 

that where cotton seed meal i8 used to any extent in 

the ration the butter will have a harder, firmer body 

and a higher melting point. The butter is likely ~o be 

lighter 1n color, 1aoking in salt, and poor in quality. 

Lindsey(2) of the Massaohusetts Station, found 

that cotton seed meal with a high oil per centage (13.6%) 

produced a butter that was rather crumbly when hard, and 

slightly aa1vy to the taste. Cotton seed me 1 with a 

low per cent of oil (8%) 1ikewis , produced a hard, firm 

butter. The addition of a half pound of cotton seed 

011 a head, daily, to a ration containing thre pounds 

of cotton seed meal low in 011, produced a softer, more 

Jie1ding butter than that produced by the ration with 

the oil omitted. 

Bunt(3~ at the Pennaylvani Station, made butter 

from fat produced by two Iota of COW8. One lot was fed 

four pounds of corn chop and six pound of bran, and the 
~-----~~------------~~--~--~~--~--~~~~-~--~---------~~--~---------~~ 

(1) Landw. Vera. Stat. 1 41 (1893). 

(2) Annual Rpt. Mass. Exper. Sta. 1 1907. 

(3) Bulletin f 1" Pennsylvania Station. 





other lot received four pounds of corn chop and six 

pounds of cotton seed meal. Both lots received the same 

amounts of ensilage, green rye, or timothy and clover, 

and as much corn stover as they would eat. 

The butter made from the cotton seed meal 

ration was rated appreoiably lower than the bran butter 

by the New York Commission men. The average soore of the 

bran butter was 91, and the ootton seed butter 78. The 

ootton seed butter was soored on both body and flavor. 

Hunt observes that ootton seed butter seems to require more 

salt than butter produoed from rations with other grains. 

At the Mi88iSSiPP1(l) Station the he~ waa fed on 

the following ration: ten pounds oow pea hay, twenty pounds 

silage, four pounds bran, and five pounds of cott~n seed 

meal. This r ati on was fed for two week., when 8ix pounds of 

ootton seed .... was substituted for the fiv pounds of 

ootton seed me 1, and .in two weeks following six pounds 

of corn and oob meal was substituted for the ootton seed. 

The milk of the last two day. of aoh period .. as 

aeparated, ohurned, and the butter shipped to St. Loui. 

Commiesion firms to be soored. The cotton aeed meal butter 

saored 95t, the ootton seed butter, 96', and the corn and 

oob butter, 96. The tCt;o na1usion is drawn that the quality 

of butter 18 not injured by feeding as much s five pound. 

of cotton seed meal or 8ix pounds of cotton seed. 
I __ ~~~~~~~~--~--~-----~~-~~-~----~~-~---~-----------~-~~ _________ _ 

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





Vanderford, of the Tennessee Station, says: "We 

do not oonsider it advisable to feed mor e tan five pounds 

of cotton seed meal daily to miloh oowa " . FOr butter 

making it 18 not advisable to exoeed three pounds dailyft. 

CUrti.(l), at the Texas Station has probably . 

done more work on the effeot of the ootton seed feeds on 

butter than any other investigator. It is his opinion that 

the ootton seed feeds have a more detrimental effeot on the 

quality of the butter when fed with a dry ration than when 

fed with grass or other gree~ stuff. To illustrate this 

he fed one group of oows bran, oorn meal, and linseed meal 

and the cows had access to pasture. To a seoond group he 

fed bran, corn meal, and four pounds of cotton seed meal, 

and the cows had acoess to pasture. Five 8ampl~B of the 

butter made from group one reoeived an average score of 

81. Five samples of butter from group two, reoeiving 

four pounds of cotton seed meal daily, r aeived an average 

soore of 85.'1 being graded off alight1y in flavor. 

To get the effeot of the same amount Gf cotton 

seed me 1 on the butter, when red on a dry ration l he fed 

one group of OOW8 leven pounds of oat. and four pounds of 

cotton seed meal and cows r n on dry pa.ture. The average 

soore of three samples of butter from this ration was 75.8. 

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

(1) Bulletin f 11, Texas Station. 
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same as that fed with the cows on grass, but the saore is 

about ten points lower, the texture and fl~vor sufferin most. 

Curtis says this bears out their practical experience at 

the station, they findln it necessary to decrease the 

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

of the summer. 

The effect of the meal on the texture of the 

butter is that of overworking. Curtis says that the 

cotton seed butter sent to commission firms in the North 

was re!,owte4 a8 "over 11) rked" when in tact it was hardly 

worked at all, not nearly so much as butter produced without 

cotton seed meal in the ration, and which received- a great 

deal better score on texture. 

The Alabama (1) Station reports that feeding cotton 

seed meal to COW8 on pasture inoreases the meltin& point 

from 10 to 3°, Centilrade, and that three pounds of cotton 

seed meal and one pound of bran gave as hard a butter as 

el&ht pounds, of cotton seed meal and one pound of bran. 

'l'he results of the:se experiments vary a reat deal, 

'he most marked difference being in the amount of cotton 

see meal that may be fed without injuring the quality of 

the butter. The Mississippi Station says five pounds of 

cotton seed meal may be fed without injurin& the quality 

of the butter. The Texas Station finds that four pounds 

injure the quality, if fed in a dry ration. At the 

Pennsylvania Station the quality of butterw8. '. injured with 

(1) Bulletn f 25, Alabama Station. 





six pounds of cotton seed meal, with which cows got some 

green feed. The Tennessee Station does not advise the 

use of over. three pounds of cotton seed meal daily where 

butter is to be made. 

The results of these experiments vary .0, and the 

oonditions under which they were worked out are so unlike, 

that it is impossible to ascertain what the effects on the 

churnability of cream and quality of the butter from 

feeding cotton seed meal really are. As to what the effect 

on the quality ia, salvy, over worked texture, firmer body, 

etc., the results agree fa~rly well, but as to how much 

oan be fed and under what conditions without getting these 

effects, cannot be told. from the varying results. No two 

of these experiments were carried out in the same way. 

Temperature, acidity or the other factors that might influenc 

the quality or churnability were arrarently not uniformly 

controlled by many of the investigators. At least they 

are not mentioned in t ·he reports of the experiments. Only 

one experiment has been made on churnab~lity and that on 

rather an abnormal ration, containing either all cotton seed 

meal and hulls or a ration made up largely of cott n 

seed meal. In the chemical work there seems to be no 

agreement as to the influence of cotton seed meal in . 

the ration upon the physical and chemical constants of 

the fat, or What these variations mean in their relation 

t the market qualities of butter. 
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• I 

'r For instanoe, one investigator think. a rise in .the 
~ /: ' . ~ 

iodine absorption number may go with a harder butter, whil~i.c 

another thinks an inorease in. the iodine absorption number 

alway. indioate. a Bofter bodied butter. 





THE PLAN OF THE EXPERIMENT. 

Objeot. 

The two main objeota in view in planning these testsar~ 

(1) The effect of cotton seed meal upon the 

churn bility of cream. 

(3) Influence of the same ration upon the 

market qualities of the butter. 

Time for making Experimente--- It is planned to 

c rry these test on during the fall . and winter aeason 

when silage is on hand and when butter oan be shipped 

re dily without injury from the heat. This season . is 

more favorable also on acoount of keeping the animals 

in better condition. It will also be necessary to make a 

few tests during the pasturing season in order that the 

influence of feeding cotton seed under these oonditione 

can be obtained. 

General plan--- The general plan i8 to feed a 

oertain number of co 8 on a b ail ration and compare the 

product with that of a second lot fed varying amounts of 

ootton seed meal. It is proposed to oarry on two di~tinot 

series of testa using different b sil rationa i n this w y. 

Animals Used--- The animals to be ueed will be 

selected at the time. They should represent at least two 

breeds and preferably three or four, and the animals 

hould be mature cows. A sufficient number will be select

ed to produc from 12 to 15 pounds of butter per day_ 
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Feeding--~ The basil ration to be used will be 

the one heretofore used largely, namely, corn silage, 

alfalfa hay, and a grain mixture of corn 4 part., bran 2 

parts, and linseed meal 1 part. In using this basil ration 

the cotton seed meal will be subatttuted pound for pound 

for the grain. The amount of cotton seed meal to be fed 

will be from two to six pounds a day. The experiment will 

have five part. as illustrated in the diagram of which 

two will be basil ration and three will contain cotton 

seed meal in varying amounts. 

The amount of each ration to be fed each individual 

animal used will be determined by caloulating the amount 

required for maintenance plus the amount estimated aa 

necessary for supplying the nutrients for mill production 

after the standard as proposed by Armsby. 

Plans for Handling the Milk--- The sample. used 

f'or the churning and for makini: the butter for esamination 

ar to be taken during the last three days of eaoh period 

only, making two churning tests and two lots of butter 

for xamination, from each group of animals. The milk 

produced by the two groupe of animal ~ ed in this experi

ment will be kept separate in oans suitably labeled and 

brought with the other milk to the creamery room. The 

milk produced during one day is to be taken with that of 

the following morning and the analysis and testa made 

from this mixture. The morning milk is to be s parated 

and the cream oooled to a temperature of 50 degree. or 





lower, the night's milk likewise. In the morning the 

creaD from the morning and evening are to be mixed with 

that nfrom the morning's milk. 

Plan for Detennining the Churnability of the Cream--

, portion of the cream ~qual to about SOO 0.0. seoured in 

the above manner representing the morning and evening is to 

be uied for th1 purpose. Five per oent of pure oulture 

oid starter is to be added at once after the evening milk 

is separated, the oream then reduoed by the addition of skim 

milk until it ahows exaotly 25~ of fat. With the ~xception 

of the substitution of natural ripening for th addition 

of lactic acid the method t& be followed will be the same as 

that used in. our previoua experiments, details of which 

are ·to be found in Mr. Rinkle's Thesis. The cream is 

to be kept at 70 degreee until morning, then cooled until 

afternoon and ohurne. It must be handled in the same way 

eaoh time. The butter seoured in making thea ohurnings 

teste i8 to b take aa soon as the churning i completed 

and delivered to the Chemical Laboratory with proper labele. 

Chemio 1 Analyaes--- The ohemical work to be done 

with these aample. is to nclude the Iodin, Saponification, 

and Reichert M i881 Number_I the Melting Point, and the 

color measurementB I and the hardness test. 

Rel tion to the Market Value of the Bptter. 

The cream from the morning milk i to be 

• oured in the manner previously described 'and added to the 

or am of the previous day. Five ~ pure culture aid starter. 





are to be added and the oream ripened at a temperature 

of 70° until an acidity 0 f .6'!/0 ia developed. The 

ohurning should i n every case be done at the end of 24 

hour8, the or am!l having been cool~d down the previous 

evening to the ohurning temperature. The churning tempera

tUre to be used will be the .&me 1n all case_ unless the 

result. as found are suoh that i' 1a necessary to make some 

ohange. This churning temperature will be the same as that 
o employed in the general oreamery work, 56 F. Suffioient 

oolor is to be used to make the color normal. Eaoh ·lot of 

cream is to be churned until the butter granule. are slight

ly larger than grains of wheat. The time of churning, . the 

per oentof fat in the oream in the beginning, the per cent 

of fat remaining in the butter milk are to be record d. The 

two lot. ~f butter are to be completed in the ordinary 

manner and paokect in ten pound tub., and reserved 'for our 

examination. This examination should inolude suoh pointe 

as are u8ually, taken into acoount in 8coring butter, and 

such other observations al may be made including the 

te t for hardness. Th ten pound tub 0 f butter is to 

be sent to Professor U. Mnrtenson l of the Iowa State 

College, who is capable of rendering expert judgment and 

will be a ked to giv hia opinion ooncerning it without 

. knowing the nature of the experiment. 

The ·.tanding up· quality of eaoh lot ia to be 

determined under oarefully oontrolled temperature oonditiopa. 

The keeping qualitie ~re to be te ted t the 

t~perature of the oooling room and ordinary room temperature. 
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Arran'jement of Experimental Periods. . 
A=.riod i 

ad 
pe.ri od 2 Perl'od '3 Pc-r,'od 4- Pe.riod 5 

0'1 S. 13d 13d~s 13dy~ IS days OY5. a a . 

Lot1 ~ Z Lo+z Lo+~ Lo+z Lo+s :1.'8£2-
e-#c.s. M. 2~C.5.M. 4*C.S.M. 

.Bas i I Lot .i Lo t .1- L 0+ ;1. B~ 5 i I 

Ro+ioVl E~s i' ~Q+iO., ""Basil f(a+iOh :Bas', I ~Q+ioY1 ~Qt;Oh 

The xp riment wa divided into five period 8S 

shown in the diag'am. During the first period both cow 

received the sa~e basil ratioD, the constituents of .hich 

are stated in the plan. Lot 1 received the Bame ration 

during the whole experiment. During period 2, 2 pounds 

of the grain mixture, in the basil ration fed to l~t 2, 

was replaced with 2 pounds of ootton seed mealj in period 

3, 4 pounds of the grain mixture was replaced by 4 pounds 

of cotton seed meal, and during period 4, 5 pounds of the 

,rain mixtur was replaced by 5 pounds of cotton seed 

meal . In period 5, lot 2 was put back on the same basil 

ration they received during period 1., Lot 2 received 

the aame rouhnes8, alfalfa and corn silage, as lot I 

received thruout the experiment. 





TABLE ~ . 

. Th~ Cows Used for the E}(periment. 

Lot 1. 

No.Cow Bt""eed A~e. ""Per i 00( of A\'er-GlCJe A~t. of Mi,k ~e,. 

(Y.Q"'~) LQc+o+io,,", pay d",rin9 t"xp- (POu N,l).S) 

124- Jerse::J 14t 
C,cJ Q,::I ~"5 

~2.. 34-

14 " :3 86 14-, I " 3~ 228 ,0 
21 I Holstein 7 JOS 34-

223 . " 3~ 156 32 

-227 ,) 3 82 2Z 

21~ " S 72, 30 

Average 5;' I 08 e5 
* Th is ~ r au p prod uc,d a bout 6 ~ pounds or fat- per d oJ. 

Lot Z. 
No.Cow "Breed A"e FerioQ( of t...~ctQ- A vera qe A »1+. ~f M ,." fo~ 

(ye.a rs) ti on (d oJs) 0. da, cAv,i"q £"p- (POUflCPS) 

317 Jersey 14- ~ 280 ;G~ 

30 , Ayr~h,re, 9 , 87 26 

403 Shorthorn '0 I I .9 28 

406 " zt 9~ ,4- . 
57 ~rse.j 5 , 0 I 14-

Jb tt IZ-k 83 28 . 

53 t, 5* 33 22 
2/6 Hoi ~tei" 4--k I 19 23 

AVGra~e 8 129 22 
~Th.s Cjt"oup produced about 7~ povnd5 offa"t pet" day. 
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No. 
COW 

21 I 

I I 

14 

124 

223 

2Z7 

217 

- £7-
TABLE m. 

Av~ra ge Ration Feed. L.oi- i 

FEED PE"RIOD i PERIOD 2- -PERIOD 3 ""PERIOD 4-

(-POUNDS) (~OUNns) (~OUND~ ('POUN,PS) 

S,IQge 44- 4+ 4-a +~ 

AJfQlfo , I , I , . I , 

Grai n ., . .. ~ . ··I··f- "1· t·\ . f-.J~-* • ... . ,A 

S, IO -'l6 
\ 

30 30 · 30 zs 
A Itq If a 7 7 7 7 
Grain :3 :3 3 2> 

Si I age 30 30 ..30 30 

Alfa IfQ 7 7 7 7 
Grain 4- 4 4- 4 

S i la ge 3S 3S 35 35 

AlfQffQ I I I I I I , I 

Grain , I I , J , I I 

S i 'a <]e 35 35 35 35 
Alfa If a 10 10 10 1 0 

Grain 10 , I , , , , 
S i , a qe 30 30 30 26 
A If a If a c:3 C3 9 2> 

Gra'n G 6 6 6 

.::;.Iaqe 35 35 35 35-

A If a lf~ I I . , , , I J , 

(Mra 'n 3 .9 9 .9 

PERtOP 5 

(1'OU rtoo) 

4f2., 

• I 

, ~, ·,;t:~ 

z~ 

7 
.3 

30 

7 
4-

35 

, I 

, I 

3S 

, 0 

I I 

~G 

9 

6 

36-

, I 

e 
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TABLE 4-
A veroa e 0. 10 t"\ cz. • 0 'R +" r; d L. + 2. " 

No. ~e;ft'OD :::1.. -PERIOJ) 2- PERIOD .3 'PERIOD 4- PERIODS 

OF FEED (pou"Hi~) (pouhd~ (f'Ourad5) (pounc.ts) (po\Jnds~ 
COW 

5 ,I 0.. ~e.. 35" 2.!!r 2,..5" ZS 2S" 

406 A'fQlf~ 7 6 6> E- o 
6 ra' t1 .3 4- :z 6 . 

Cotton Seed "leat Z 4- 6 

S i I a..qe 4-0 4-0 4-0 4-0 40 

403 A Ifqlfa ,0 '0 '0 ,0 '0 
Grai" .9 7 5 3 9 
Coito., Seed Me~' Z 4- 6 

S i I aq e ~o 25 2.5' zs 25 

57 AlfQlfa.. 7 6 (2:, 6> 6 

GrQin 4- ..5 .3 1 '( 

cotton S ee.c! Mea' ;e 4- 6 

5.' a qe 30 30 36 36 36 

3'7 A If~'fa 9 .!3 ~ 9 9 

Groin 8 6 A- Z 6 
Cottot\ Seed Meal ~ 4- G 

Sdaqe 30 31 31 - ~ oJ, 31 

301 A If~'+a 9 9 9 9 9 
Grain 9 7 5 3 9 

Co-t+oh5eed t1ea' ~ 4- G 

Si I Q qe 35 35 35 ~S 3S 

53 A Jfa"'f~ 8 8 S 8 S 

Grain 8 6 4- Z 8 
co*o~ Seed Meal ~ 4- 6 
S, la qe. 30 30 30 30 30 

'6 Alf" ffC\ 9 9 9 9 .9 
G rC\ i n /,0 8 6 4- 10 

Co*o\'\ S ee.d Mea' 
'0 °Z . 4- 6 ~ . .. 

S.I"qe 35 33 ,33 33 3:3 

£I~ A 'fa If a 7 7 7 7 7 
G t'Q .. '" 7 5 3 , '1 

Co1tohS.e.J Mea' 2- 4- 6 





Table 3 gives the avexage ration fed each animal 

in lot I, in each period. The ration for e oh animal was 

oomputed by the Armsby feeding standard. The amount fed 

each oow varying with the body weight and the flow of 

milk. The animals in lot 1 reoeived the Bame ratien and 

practically the same amount of feed thruout the experiment. 

The grain ration was composed of oorn 4 parte, bran 2 parts, 

and oil meal 1 part. 

Table 4 gives the average ration fed each animal 

in lot 2, in each period. In period 1, the cows 1~ this 

group received the same ration as lot 1; in period 2, 2 

pounds of cotton seed meal was substituted for 2 pounds of 

grain mixture, in period 3, 4 pounds of ootton seed meal 

was substituted for 4 pounds of the grain mixture, and in 

period 4, S pounds of cotton seed meal was substituted 

for 6 pound. of the grain mixture. In period 5, lot 2 w s 

taken off ootton seed meal and received the same ration 

as in period 1. None of the cows in this group .uffered 

any ill ffects from the consumption of cotton seed 

meal. 
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Chu'rtnabil it Y of the Cream. 

I ~.order to get an accurate comparison of the 

ohurnability of the cream from the two let. an experimental 

churn was used, which was devised for this purpose by 

Professor Eokle., and used by Mr. Rinkle in his theai 

work. This churn oonsisted of an ordinary' steel hand 

barr 1 ohurn. On either sid - of the insid of this ohurn, 

half way between the top and the bottom, was attached a bracit

et. 'J1fO spec ime,n jara fitted into these braoket. and 

fastened 80 that they were station rye 300 0.0. of 85~ 

oream was placed in eaoh jar at a temperature of S4G F. ' The 

churn was then filled ith water at the same temperature. 

In this way the jars containing the oream were surrounded 

with water and there w 8 little ohange in the temperature 

of the or am during the churning. By plaoing the s me 

amount of cream in the jars for eaoh lot, the jar. wer 

filled to the same fu11ne s and the aame amount of agita. 

t10n waa secured, giving a more acourate oompari8on than 

if the compariaon • s made with the large ohurning.. In 

the large churning_ one lot usually oontained more oream 

than the ether, whioh filled the churn to a greater full~ 

ne8a and cons qu ntly the cream in that lot would receive 

le s agitation. This churn was attaohed to a small motor 

which kept the churn. revolving at a uniform speed. A 

record of the number of revolutions of eao,h churning w s 

kept. As stated in the plan of the experiment the oream 

ohurned in the experimental chum wa taken from the mixed 
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milk of each group representing one day_ The oream was 

standardised to 25~ and the samples of both lots ripened 

at the same temperature and for the same length of time. 

Two different ohurning. for each lot in each period, rep

resent ing th:tee. rnilkiriia:", were made, and the figures 

given in the table are averages of these two ohurning •• 

The time taken for each of the large ohurning. was also 

recorded and ,i. given in the table below. These figures 

aleo represent the average of two churning8 as do all the 

other determinations presented, excepting the scores on 

flavor and body, in tbis paper. 10 attempt is made to 

oompare the churnability Of~ the small c~urning8 ~w,i\h' th .• 

large churnings a8 the --small churning., take somewhat 

longer. All that is attempted is an accurate comparison 

of the churnability of the oream in lot 2 with that in 

lot 1, and the opportunity is presented in the two 

i 
TABLE IV 

methods of churn ngh 
• L·arge vhurning • • Experimental Churn 
: (barrel): • 

• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • · · · . Lot 1 : Lot a :: Lot 1 : Lot a • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • 

. : : =(m1nutea): (minutes)::{revolutions):(revolutione) : 
: Period 1: 39 : 45.5 :: 1850 : 1855 : 
• • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
: Period a: 44.5 : 53.5 :: 2388 : 2'01 : 
• • • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
: Period :5 : 
• • 

• • • • · . . . 3085.2 • • · ••••.....••........•.....••..........•........ ~ ......... , ' ...... . 
: Period 4 : 

· 
• • BO ~ . · . 1850 2549 • • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
: Period 5: 61 : 46 :: 2200 : 1868.5 : 

• • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 





!here is a Yer.r notioeable differenoe in the 

diffioulty witb which the cream from lot 1 and lot 2 is churn

ed. Both method. of churning show thia quite distinctly. 

The greatest difficulty in ch~1ng in both Iota was in 

period 3, when the co .. in lot a w re reoeiving four pounds 

of cotton seed meal per day_ In lot a there i. a uniform incre

as. in the difficult!· in churning, up to period 3, both in 

. time and the number of revolutions. In period 4, with 5 pounds 

of ootton see·d meal, there is a decreas. in'l the time of 

the large ohurning of almost a minute. and a decreas. 0 f 

536 revolution. with the experimental churn. In period 5 

the time of the large churning dropped 34 minute., and the 

number of revolution. of the experimental churn dropped 

681.5 revolution., returning to almost the same time and 

number of revoluticns as were required in period 1. 

In lot 1 the time and number of revolution. re* 

quired for churning varied considerably. There was a 

gradual inc rea • in the time and number of revolutiQna up 

to period 3. In .period 4 the length of time and the number of 

r .TolutiODa returned to the same level a8 in period 1, but 

in period 5 there was a decided inoreas , again. 

The greateat differenoe in the time and number 

of revolutions required for churning in the two lota was 

in period 4, when lot a was receiving 6 pounds of cotton seed 

meal per day_ In this period lot a required 37.5 minute8 

longer and 699 more revolutions than did lot 1, to complete 

the ohurning. 
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While this experiment .now an inoreased difficulty 

in the churning of o ream, produced from a ration in which 

ootton Beed meal was us d, it does not show the marked re

sults obtained by Ourti., t the Texas Station. ·However 

Curtis f d rather an abnormal ration.. Part of his experi

ments were oonduc ted on a ration made up entirely of 

cotton seed meal or cotton seed, and part of them on a 

ration maa up largely, but not entire1!, of cotton seed 

meal. The average tll4e required for churning on the latter 

ration at 64° F. wa, one hour and eighteen minutes w~ile the 

time required for the large churning in this experiment, 

to which his results are comparable, in periods 3 and 4, 

was one hour and twenty two and one hour and twenty minutes, 

respectively. However these chur.nings were made at a temper~ 

ure of 58° '., eO F. lower than the temperature at ~ioh 
CUrtis made his churning. This would make a large difference 

in the time required for the ohurning. 

The per oent of fat left in the buttermilk from 

bDth' lot was very 10. and the per oent of fat in the 

buttermilk from the ootton seed meal ration veraged as 

low aa that in the buttermilk from the basil ration, .how

ing that the oream from the cows reoeiv·ing the cottin seed 

me 1 ohurned as exhaustively a that from the OOW8 reoeiving 

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

In the first period, when both lots of cows 

were on a basil ration, there was no noticeable difference 

in the flavor or body of the butter from the two Iota. 

In the second period, when lot 2 reoe.t <\Ted 2 i · 

cotton seed meal per day, there was no difference in flavor 

or body of butter that could be traoed to the influence of 

cotton seed meal in the ration. All the butter was mottled 

aome, and slightly underworked, oausing the butter to be 

rather short 1n grain and orumbly_ All the butter had a 

fairly good flavor exoepting the first churning of lot I, 

which was a little off. 

The butter made in this period was given the 

following scores on flavor and body, by Professor Eckles 

and Mr. Rink I •• 

First Churning 

Lot 1 Lot 2 

Flavor 39 41 

Bod,. 24 23 

Lot 1 

4Ii 

23 

S8b:9nd Churning 

Lot a 
41. 

23 

In period 3 when lot a received 4 pounds of 

cotton seed meal per day, there was a very notioeable 

differenoe both in flavor and in body, -between the butter 

produoed by the COWl reoeiving the basil ration and those 

reoeiving the cotton seed meal. 





The body, of the cotton seed butter seemed muoh 

firmer, it also seemed more brittle than the butter from 

lot 1. And though brittle, it was also sticky, adhering 

to the met" trier. When plaoed in the mouth the cotton 

seed meal butter was very 810w to melt. !he melting 

point, aeeming ly, being almost as high as that of the 

mouth. In flavor the cotton seed butter had a peouliar 

flat, greasy t aate, with a suggestion of lard. The. flavor 

of this butter was not espeoially objeotionable but when Pl

aoed in the mouth lacked the quiok oharacteristio butter 

flavor which the butter from lot I had. The ootton Beed 

butter alao seemed to lack salt. 

This butter was soored by Professor Eokles 

and Mr. Rinkl. as follows: 

Flavor 

Body 

It will 

Firat Churning. 

Lot 1 Lot a 
41t 40 

23i 23 

be noticed that in the 

Seooncl Churning. 

Lot I Lot a 
41t 40 

24 23 

first churning 

the butter from lot a reoeived the highest aoore in 

flavor, while in the seoond churning the butter from lot 

1 received a slightly higher score, .0 that there waa 

really no marked difference in the flavor of the butter 

from the two lots. The butter from lot 1 in the first 

churning reoeived a score of 1 point higher than that 

reoeived by the other three aamples. 





Both the flavor and the body of the butter from 

lot 1 were scored slightly higher than that from lot 2, 

by Profe eor laxle and Mr. Rinkl • 

This butter was shipped to Professor M. M ,rten

Bon, of the low State College, to be scored. It was 

thought desirable to get the opinion of an expert on this 

butter, who was unfamiliar with the experiment or the 

oonditione under m ioh the butter was made. Unfortunately 

the butter produced by the COW8 on the baail ration develpp-

d an oily flavor beforebeing examined by Professor 

M tenson • 

. Professor Mc>.rtenson scored the butter from 

this period 8 follows: 

First Churning Second Ch ming 

Flavor 

Lot 1 

38 

as 

Lot 2 

37 

25 

Lot 1 

37 

a5 

Lot 2 

39.5 

Body 25 

It will be noticed that the butter from 

1 t 2, of the seoOnd ohurning reo~~ed the highest Icore 

of the four a'amplea on flavor. This is probably clue 

to the 01ly flavor, spoken of ab~ve, developing in the 

'butter from let 1. The body of the butt r of 1 four 

aamples was pronounced perfeot in body. The peculiar 

flat, lardy taste attributed to the cotton seed meal, 

by Professor Eckles and Mr. R1nkle, was characteriz d by 

Professor Mi .rtenson as an uno lean or metallic flavor, 
o 

which he thoughtmight be due· to some method of pastuer-





izaticn, showing that he deteoted a peouliar flavor 

in the butter from the lot receiving cotton seed meal, 

but was mistaken a8 to ita cause, aa none of the cream 

in this experiment was pasteurized at all. In Another 

rea80n that might be advanoed, for the cott0n see4;. meal 

butter receiving a higher score than the butter from the 

basil ration, is that it is very probable that the 

peouliar o~tton seed meal flavor described above tends to 

moderate somewhat with ag • 

During period 4, lot a reoeived S pounds of 

cotton seed meal a day. 

Practioally the same difference. in the butter 

produced by lot 1 and lot 2 occured in this period .a war 

desoribed in period 3. The oharacteristics attributed 

to the cotton seed meal butter in period 3, Beemed even 

'more noticeable in this period. 

The butter seemed more flrm, ' brittle, and 

stioky than when the 00 •• w re reoeiving 4 pounds of 

cotton seed meal, and the peouliar fl:at, lardy te. te seem

ed more atrong and noticeabl • There a180 seemed to be 

a greater difference in the readiness with 1h ioh the two 

butters melted in the mouth than in the previous period. 

Alao in this period the cotton seed butter seemed to 

laok salt. There was no difference in color that might 

be attribut d to cotton seed meal. 

The cotton seed butter seemed to laok the oharaoter-

1 tic butter flavor and aroma Which the butter produced ~ 





lot 1 had. 

Flavo .. 

Body 

Professor M~rtenson scored this butter as follows: 

Fir t Churning Second Churning 

Lot 1 Lot 2 Lot 1 Lot 2 

38.5 39 35.5 3' 

25 25 25 25 

As 1n the previous period Professor Mortenson 

gave the body of all samples perfeot .corea and in both 

churnings gave the cotton seed meal butter a higher 

score in flavor than that produoed on the basil ration. 

Unfo~tunately the butter from lot 1 developed an oily flavor 

as it did in period 3 before it was examined bp Profe.sor 

M rtenson. Thi probably aooounts largely for hi scor-

ing lot 2 higher in flavor than lot 1. Professor M6rten

son inoritiolzing the butter .poke of the flavor of the 

butter in lot a not being so quick as that in lot 1. H 

also spoke of the body of the butter in lot 1 baing a 

trifle weak and melting too readily in the mouth. This 

oonclusion was probably reaohed from comparing with lot 2, 

whioh was very firm and melted very slowly in the mouth, 

a8 stated before. It is ~ery possible that the body 

of the butter of lot 1 was not weak but only seemed so 

on aooount of the unusual firmness of lot a. 
In period 5 the oows in let a were taken off 

ootton seed meal and put on basil ration again. The butter 

made during this period was very good, bo~ in body 

and flavor. There was no notioeable difference in flavor 





or bodlr between the two lots of butter. No traoe o·f 

the peouliar flavor or body oharacteristios present when 

the OOW8 in lot a were receiving 4 and 6 pounds of ~otton 

seed meal were distlnguiahable. 

It is hard to draw a oomparison of the effeQ~ 

of the ootton seed mean on the flavor and body of butter , 

.e desoribed in this experiment, with that obtained by 

other investigators, for laok of the uniformity of 

control of the many factor. that might ~nfluence the quali" 

of the butter. It seems apparent that the effeot of th. 

cotton .eed meal on the quality of thebutter, in this 

ftXP riment was not 80 harmful . aa that experienced 'o!. 

CUrtis of Texas, Hunt of Pennsylvania St ation, and other •• 

While the cotton seed meal did ~ - - have a 

pculiar ffeat on the flavor and the body of the butter, 

•• desoribed pr v1ously, yet this effect is probably not · 

suoh as wqlJl.d hurt the market qualities of the butter, 

when cotton seed meal is fed with alfalfa hay and corn 

8ilage for roughness. This is readily shown by the fac; 

that an expert jud,ge of butter like Professor -r ten.on 

soored the butter produoed on the cotton aeed meal ration 

higher than that produoed on a ration without -this seed, 

though he was entirely ignorant of the kind of feed fed 

to the OOW8 that cproduced this butter. 

one of the peculiar quaJitiea that butter made 

from a ootton aeed meal ration seems to have, is that of 





having insuffioient alt. Salt tests were run on 

the e samples of butter showing this characteristic and 

the results showed them to have as high a per cent of 

salt a samples having a normal taste in this respect. 

This same oharaoteristic was noted by Hunt in his experi~ 

menta on ootton eed butter at the Pennsylvania Station. 

Four pounds of cotton seed meal in th r tion 

gave almost as m.~ked an ffect on the flavor and body 

of the butter, a six pounds. 





Eff,ct of cott~n a ed meal on the conatant. of 

butter fat. 

With reference tG thEt ~· eff at of cotton seed 

meal on the fat, determinations were made of each churn

in, 1n each period for the melting pOint, Reichert 

Meieal number, aaponificat1on equivalent, iodin number, 

and color readings. 

The results of the determinations are given 

1n the tabl • 

The melting point of the butter fat from lot a 
increaaed quite ' uniformly from period 1 to period 3, 

when the co •• in thia lot were receiving four pound. 

of cotton aeed meal a ~ y. The melting point was raieed 
o 

from 31.85 c. in per~od 1 to 33.5 C. in period 3, a 
o cain of 1.64 C. In period 4, however, when the cows 

w re reoeiving aix pounds of cotton .eed meal, the 
o ' meltin& point dr pped 0.16 C. When the 00W8 were put 

b ck on baail ration in period 5, the melt,ing point 

dropped to 31.1° e., 0.10 o. lower than in period 1, 

.howing that whatever effect the cotton ' aeed meal may 

have had in raisin, the ~elting point, had disappear d 

within even days after they had been tek n off cotton 

.eed meal, even days be'n« th length of time lot 2 

waa on full baail ration in period 5 before samples were 

taken. 

!he melting point of the fat from lot l,on 
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TABLE V 

Showing influence of cotton seed meal Qn 80nstanta of 

butter fat. 

· . . . . , , , , . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
• • Period • • Melting Point • · Reiohert - Mel •• 1 · · · · • • • • • • • • • • • • , • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • I .. . . .. 
• 
• · • ••••••• · · 1 

• • .. 
• . . , 
• · • 

Lot 1 
. . . . . . . 

32.63 

• · . , · 
Lot 2 Let 1 • · Lot a: · . . . · . . . 

• • • • • • • • • • : • • • • • • • • • • • I • • • • • • • • : · . .. 
31.86 30.93 29.66: · . . · · .. • 

• • • • • • • • • · . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · . . • • · . . a • .. 
• • 

32.30 

.. . . . . . . . . . ., .......... . · . . .. .. 3 • .. 31.00 

• · 
31.08 

• · 
30.01 : 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
33.50 

• • • 
32.11 • • 30.92 : .. . . . . . .. . . . . . . . . . , . . . . . . . . . . ~ . . . . . . . . . . . . , . . . . . . . . . . . , . . . . . . . . . .. .. 

4 
· • 

32.15 33 •. 34 30.21 
· · 

• • 
30.80: 

• • • • • • • • • : • • • • • • • • • • t • • • • • • • • • • • • : • • • • • • • • • • • : • • • • • • • • : · .. 
• 

5 · · 32.26 31.70 30.99 · . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
.. . . . . . . . . .. ... . . , .~ .......•. ~ .........................• 

Per. 
• • Saponification • · Iodine Number • • 

Color 
(yellow) 

~ •• . •• I . . . . . . . . . . . . . . . . , · ......... , , .... , .... , .. , ..... '.' 
· • 

Lot 1 · • 

; • • • • , I • • , • • • • • I 

• • 
1 233.6 

Lot 2 
. . . . . . . 
232.3 

Lot 1 
. 

: Lot a : .. . 
• Lot 1 :Lot 2: . 

• • • • , ........ ~ ....... ~ ....... ~' , ... ':' 
30.40 30.78 50 50 : 

~ ..... , • • • • • • • • , . . . . . . . , • • • • ,. • • • 4!.' • • • • • • "! • • • • • • • ... • • • • '.' • 1 
2 232.3 · • • • • • • • • • • • • • • • t • • • • • • • • • 
3 232.2 231.3 

29.86 30.06 48 . . 4' , . . . . . . . . ~ . . . . . . . ': . . . . . . .' ~ . . . . . ': ' 
32.12 33.50 45 45 .. . . · .....•.....•. , : .......•.•...... ~ .......•......• ~ ..... ~ . 

4 : 231.9 · . · . . . . . . . . , . . . . . 
5 233.0 

• · · 
• • 
• • 

231.1 32.11 32.71 46'. 43 . ...... : ........ ~ ....... ~ ....... ~ ..... ,. 
a32.0 · .. 30.'12 30.13'0 45 47 · . . . . . . , , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . 
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baa1l ration thru-out the fi~e period., remained quite 

c0nstant at 32.63 to 32.15 0 e., with the exception of 

period 3 when it dropped to 31.0° C'. 

The results of these determinations do not 

show the marked inoreaee in the melting point obtain

ed by the other invest~~ator •• Harrington(l)J of the 

Texas Station, by reeding a ration, three fourths of 

which was cotton seed meal, inc reased the melting point; 

over that secured when the COW8 were on a 

baail ration. The COWl in the Texas experiment re-

ce1ved no more cotton seed meal, when on three fourths 

cotton se ed meal ration, than did the cows in this ex

periment when they were receiving six pound. of cotton 

seed meal a day. 

Wiley (2) increased the melting point 5.50 c. 
by feeding coW's t en pounds of c ott-on 8ee~ meal a day with 

light pasture, over that secured when the cows were on 

full pasture ration. 

The Ontario (3) Station increased the melting 

point 4.20 O. over that secured on pasture by feedin& 

30 f hay and 9 f of cotton seed meal. -

The Alabama (4) Station obtained results more 

similar to tho •• obtained in this experiment. The melt~ 

1ng point was increased only 1.80 C. over that 8 Qured 

on basil ration, by feeding 4 pounds of cotton seed meal, 

9 pounds of cotton aee.d hulla, and 4l pounds silag • 
--------------------------------------------------------
(1) T xaa Bulletin, f 29. (2, 3, 4) AIr dy liven. 





Lin •• y (1) of the Massachusett Station got 

no increase in the melting point with cotton seed meal, 

but the addition of .5 of a pound of cotton aeed oil, 

daily, increased the melting point. 

Very little can be drawn from the results of 

the determinations on the Reichert Meissl number. It 

may be said that the cotton se~d meal in the ration, in 

this experiment, had no influence on the Reichert Meisal 

number. While there was a slight increase in the 

Reichert Meissl number of the butter from lot 2, period 

1 to period 3, there was almost as great an inorease 

in the butter from lot 1. Suggesting that 80me factor, 

other than cotton seed meal, influenced the Reichert 

Meie 1 number of the butter from both lot •• 

In other inve tigatione, a marked decrea8e 

in the Reichert Meissl number haa generally resulted 

from the feeding of cotton seed meal. In the experi

ment r ported by Harrington, at the Texas Station, the 

volatile aoids deoreased in proportion to the amount 

of the cotton seed meal fed. On ~ r tion of ootton 

seed meal the Reiohert Meisal number was decreased 

3.18, on t ration of cotton seed meal, 5.25 and on 

i ration of ootton seed meal, 10.65. At the New 

Hampshire Station, on a ration of 40 * silage, 5f f hay, 

a.05 f - middling ,and ";.25 , ootton seed meal, the 

Reichert Meieal number was decreased 5. MOrae 

(1) Reference given before. 





conoludes from the reeults that a low Reichert Mei •• l 

number mean. a low flavored butter. This is not always 

the case as in this experiment it might be said that 

the Reichert M issl number increased slightly and yet 

the butter from the cows receiving cotton seed meal was 

of a low r flavor that the butter from cows not receiv

ing this feed. Jordan at the Maine Station produced 

butter from a ration containin~ a cotton seed meal which 

had a higher Reichert Meissl number. Wiley in one 

experiment reported the volatile acids raised b~ feed-

ing cotton aeed meal. In another experiment with COW8, 

cn light pasture, receiving 10 f ootton seed meal a 

day"the Reiohert Meie.l number was lowered 1.3 under 

that obtaine4 from butter produo d on pasture lone. 

Ther was a slight uniform decrease in the saponifioat

ion number of the butter from lot 2, from period 1 to 

period 4. In period 5 the saponification number r -

turned to almost the same level as in period 1. The total 

deor as was only 1.2. However, the saponifioation 

number of the butter from lot a ala decreased uni

formly from period 1 toperio~ 4 and retu~ed to 

normal in period S. The decrease was greater in 

the butter from lot 1 than in lot 3, being 1.7. As 

in th a ichert Meissl number aome unknown faotor 

influenoe the laponification number of the butter from 

both lot.. A& lot 1 reo ived the same r tion thruout 

the experiment, it 18 not known what would oause it to 





deorease from period 1 to period 4 and inorease again 

in pe riod 5i . 

The T xas Station saponifioation number was 

uniformly increased in proportion to the amount of 

cotton .eed meal fed. The increas " when on i ration 

crottc n 8e·ed meal, over that obtained on a basil 

ration being as high as 18. 

It may be said that the iodine number of the 

butt r was increased by the feeding of cotton seed meal. 

The maximum increase in the iodine number of the butter 

from "lot 2 was obtained in period 3, the tot 1 increase 

over that in period 1 being 2.72. The iodinenumber 

of the butte:r fro m lot 1 also inoreased some, but 

the maximum inorease was not obtained till period 

41 and the total inorease over period 1 was only 1.81. 

Lind 8y at the Massachusetts Station, re

ported the iodine number a not disturbed from feeding 

ootton seed meal but upon the addition of the cotton 

seed oil to the ration, the iodine number was raised. 

Mor a180 raised the iodine number by feeding cotton seed 

oil but decreased it 4.8 by feedin& 7.25 # ootton seed 

meal. At the Ontario Station the iodine number was 

raiaed 10.S, over that secured from a pasture ration, 

by feeding 9 pounds of cotton seed meal. Harrington 

increas d the iodine number in proportion to the amount 

of cotton seed meal fed. 'it~ a ration of t cotton 

aeed me 1 the iodine number wa inoreased 5.19 over that 
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.ecure4 from a baail ration. 

As may beE aeen in the table, the color read~ 

in s of the butter from both lots decreased qui'te uniiQ.. 

formly. It oan hardly be aa~from these result. that 

oetton aeed meal when f d with alfalfa hay makes a 

~i&hter oolored butter. 

The result. ~f the determinations do not 

how the marked changes, in the oonstanta of the butter 

fat, obtained by many inveatigatera by feedin& cotton 

aeed meal. The maximum incr.ase in the melting poin~ 
o w.a 1.64t C. S oompared with an increaa () of 7.4 C. 

obtained by Harrington at the Texas Station. There was 

pr~ctioally no change in the Reichert Mei.al number that 

CQuld betraoed to the influence of cotton seed meal, 

while many of the "investilationa showed a marked decrease. 

The aaponifioation number wa lowered slightly while 

Harrington obtained a marked inc reaae. The iodine number 

inor a ed 8.72 a oompared with an inorease of 5.1? 

. obtained by Harrington, a decrease of 4.8 obtained by 

Mora., and an inorease of 10.8 by the Ontario Station. 

It ia quit poasible that the influenoe of 

the cotton see m al on the butt r fat in thia xperi

ment may have been off-set by aome const1tu nt or property 

of the alfalfa hay fed. So far as can be determined 

alfalfa hay wa not fed with ootion Bee m 1 in any 

of the other experiments. " 

The question may well b raie. to wh t 

r lation the 80-oa1184 oon tanta of the f t, Reiohert 





M iS8l number, the iodine number, and the saponification 

number, bear to the flavor and body of the butter. In the 

Reichert Mei 81 number deter.mination. on the butter 

from lot 1 and lot a there was practically no difference 

and yet there wa a wide difference in the flavor and 

body of the butter from the e t 0 lota. 
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App for Determining the Hardne8s of Butter 

and Butter Fat. 

This apparatus was devised and perfeoted by 

. A. E. Perkins (1) and oonsists of a firm upright 

support and a separat li~t fr~e oarrying the pene

trating needle and weight. At the top of the support, 

and in the oenter, is suspended an electro magn t. 

Attachments ·are on the support by which a b ttery ~ i. 

connected to operate the magnet. A key erved for mak

ing and bre king the current through the magnet. 

Attaohed to the support is an adjuBtabl platform for 

oarrying the sample whose hardness is to be tested. 

On the top of the separate light frame is a pieoe of 

oft Swedish iron to be acted .on by the magnet, direct

ly beneath this, inside the frame, is a socket and set 

Bor w to hold the penetrating needle in plaoe. At the 

opposite end of ' this frame, i a small platform for 

carrying the weights This frame with n edl weigh. 

about 300' gr a and in addition a 300 gram wight 

was used, in making these teste. The penetrating needle 

are oylindrioal in shape and 10 om. long " and graduat-

d. In making these determinations the frame oarrying 

the needle and the weight is luspended from the eleotro 

magnet. The sample to be tested is placed on the p1at

fo~ and, is adjusted until the surface of the sampl 
-----~--~---------~-------~----~~---~-----------------
(1) The i by A. E. P rkins for M. S. Degree, U. of M., 1911. 





is 10 em. below the end of the needle. The distance of 

fall before reaching the surface of the butter is, then, 

always 10 om. The weights on the frame now hanl 

directly beneath the sample of butter, so that when th e 

frame is released from the magnet, the needle atrikes 

the .ample in a vertioal position, and the needle 

being graduated, the depth of penetration is readily 

asc ert ained. 

test 

The following table shows the results of the 

for hardness on butter with this apparatua. 

Table VII. 

Hardness of Butter. 

· ................... " ............................... . · .................................................... . 
• • • • Period : Lot 1 

• • : Lot a 
• • 
• • · . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

• • • • 
• • · • m.m. penetration 

230 
: m.m. penet rat ion: 

Period 1 : 230 
; . ~ ........... ~ •................... : .............••.. , 

• 2 
• • 

aas 190 · . . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
n 3 • • 300 350 · . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . , 

· · n 4 
• • 
• • 305 

· .. .. .. 230 
· · · .. 

• • • • • • • • • • • • • • : • • • • • • • • • • • • • • • • • • • • : • • • • • • • • • • • • • • • • • I 
• • • 5 

• · • • 210 · • a05 · .................................................... . · . . . . . . . . . . . . . . . . . . . . . . . . . . ........................... . 
!heae teata _ ·re made o·n sampl •• that had 

been kept at a uniform temperatur of 15+0 O. for 

24 houra previou8 to making th determinations as a 

differenoe of 1° a will make a great difference in 





the reading. Th r QuIts given are the average. of 

threet penetrations on eaoh sample. 

A study of table VII shows the hardest butter 

from lot two to be in period 2, when this group of 

cows reoeive 2 pounds of cotton seed meal a day. The 

dept of penetration shows the butter in per.1od 3, to be 

softer than that in any other period from lot a. The 

butter in period 4, hen this group of cow reoeivet 6 

pounds of cotton ~ 'eed meal per day is slightly firmer 

than that in period 3. In period 5 the depth of pene

tration is slightly less than in period 1. For some 

unknown reason the depth of penetration shows the butter 

from lot 1 to have increased uniformly in softness from 

period 1 to period 4, with the exception of period 2 

when it remained practically the same aa in period 1. 

In period 5 the depth of penetration was 95 mm. 1e8s than 

in period 4, and slightly le s than in peried 1. A. 

ahowed by the depth of penetration ther was a great 

differenoe in the firmness of the butter from the two 

Iota in periods 2, 3, and 4. The greatest difference 

between the two lots being in period 4. Our praotical 

observation and inspections by pres ur with a 

knofe blade, when making and handling the butter 

oorroborates the determination with the hardness 

apparatu. These resul ts were o:c ntrary ',~ o ~: our ex

peotations as it was expected that the firmness of the 

butter would increa.e in proportion to the amount of 
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ootton seed meal fed. An explanation may be found 

for this in the observations of Morse and Lindaey - tin 

the effeot of cotton seed oil on the butter. They 

found that butter from a cotton seed meal rationvvwas 

firm but the addition of a half pound of cotton seed oil 

*0 the ration caused the butter produced on this ration 

to be sQft. T-hu8 when 4 to 6 pounds of cotton seed 

meal i8 fed .the amount of oil contained may be sufficient 

to oause the butter to be 80ft. 

These results agree with those of the Alabama 

(1) Station in that the smaller amounts of cotton .eed 

meal in the ration gave as firm a butter as a larger 

amount. 

Moisture tests were run on these samples to 

see if any differenoe in the per oent of moisture in 

the butter from the two lots could be responsible for 

the difference in the depth of penetration. The table 

below shows the penetration and moisture determinations 

oompared. 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
(1) Bulletin 3S, Alabama Experiment Station. 





Table VIII. 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
• • • • .. . 

• • • • 
• .. • • Moiatur • • · . Hardness • • ., .. . . · . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . .. . . . . . . .. . .. - . . .. .. .. . . .. .. : Lot 1 • • Lot a :: Lot 1 : Lot a · · .. . . . . . . .. . . . .. .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
: : 10 : 10 :: m.m. : m.m. : 
: P riod 1: 12 : 14.1 :: 330 : 330 : 
.. • • • • • It · . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . .. 
: Period 2: 12 

• .. 
• .. 10.35 

· .. .. .. 
::. 225 

• • 
: 190 

.. 
• .. .. 

., .. . . .. . .. .. . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
.. .. 
: Period 3: 8.5 

.. .. 
• • 9 :: 300 

• .. 
: 850 

.. .. 
· .. .. . .. . .. .. .. _. . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

• • 
: Period 4 ; 10.9 

· · • • 
· . ... 
:: 305 

• · : 230 
.. .. 
.. .. .. . . . . .. . . 

~ ......................................................... . 
· · : Period 5! 11.8 • • 10.8 

· . · . 
:: 210 : 205 .. · ~ .. . .. .. • t' ....................................................... .. 

Ther aeems to be no correlation between the 

peroent of moi ture pres nt and the depth of penetra~ 

tlon. Let us look at the results under lot 2. The 

depth of penetration i8 deoreased 40 m.m. 1n the 

.eoond period" anct the peroent of moieture present in 

these two .ample. 1 decreased 3.75 ~. In the next 

period the depth of penetration increase. 60 m.m. , 

but instead of the per oent of moieture inoreasin&, aa 

it would if there were any oorrelation between the •• 

two faotors, it decreases 1.35~. Again, under lot 1, 

1n periods a and 3,the per cent of moiature deoreases 

while the depth of penetration increases and in the 

fourth and fifth periods the per oent of moiature 

increases nile the depth of penetration deoreases. 
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Lindsey and Moree stat that an increase 1n the 

iodine number indicates a softer butter. The ,following 

table shows a comparison of these two faotors. 

Table IX 

· ..................... ................................ . · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
• • 
• .. 

• • • • .. .. .. .. · • 
Iodine: Number 

• • • • · .. · .. Hardness 
• • 
• .. · .. . . . . . · . . . . . . . . .. . . . . .. . . . . . . . . .. . . .. . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . 

• • • • 
:: Lot 1 

· · · · Lot 2 
• • • • .. . ... Lot 1 

• • 
• • Lot a 

• • 
• • · . . . .. . . . · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . .. . .. . . . . . . . . . . . . . . 

: : : :: m .m • : m • m • : 
: Period 1 :: ~O.40 : 30.78 :: 230 : 830 • • .. .. .. . .. . . . · . . . . . . . . . . . . . . . . . ~ . . .. . .. . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 

• • • • 
: Period a :: 29.86 

· · : 30.06 
· . · . :: aa5 

• • 
: 190 

• • 
• • · . .. . . . .. . · . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Period 3 
• • · .. • • 
:: 33.12 : 33.50 

• • • • 
:: 300 

.. • 
: 250 

• • 
• • .. ~ . .. .. . ...........• ~ ........•..........••...•.....•...•.....• · .. · .. · • 

Period 4 :: 32.31 : 32.71 
.. . 
• • 
:: 305 

• • 
: 230 

.. .. 
• .. · . . . .. . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · . · . .. .. 

· Period 5 :: 30.72 : 30.80 
... .. . 
:: 210 

• • 
: 205 

• • 
• • · . . " . . . . •........ ~ ..... ~ ......••.......•.••.........•.........• 

While the depth of penetration does seem to 

follow, to some extent, the iodine number, yet the 

iodine number oannot be the only factor that ts responsible 

for the hardness or the softness of the butter, as a 

marked change in the iodine numbet" __ , is not followed to 

the same extent in the depth of penetration. For in

stance, in the seoond period the iodine number of lot 1 

drop s .54 and the depth of penetration deorease 5 . -

m.m. while under lot 2 in the same period, the iodine 





-5S~ 

number deoreases .72, .nil the d~h of penetration 

deorease. 40, ahowing that while there wa very little 

difference in the total decreale in the iodine number 

of the two lots during this period, there. was a big 

difference in the lessened depth of Penetration. The 

amount of deorease in the depth of penetration in lot a 
being ight times a8 great as that in lot 1. 





Standing up Qualities of Cotton Seed Meal Butter. 

One of the undesirable characteristios of 

most butters, i its property when plaoed in awarm 

room of 10Bing all semblance of its former shape, and 

rapidly apreading out into a shapeless mass. Wh ~ thi8 

has happened the consumer can usually take a helpi ng of 

butter more gracefully with a tea spoon than with the 

knife intended for that purpose. 

In orde r to see if cotton seed meal in the 

ration impro~'8 this condition any, it was deoided to 

take samples of the two lots of butter, from the various 

periods, and place them on separate dishe in a warm 

jacketed ov n, in which a temperature approaching 

summer conditions could easily be maintained. The 

results are given below. It will be recalled that in 

period 2, lot 1 received the basil ration and lot 2, 

8 pounds of cotton Beed meal pe r dt¥' . Slice8 of butter 

about two inches square and three quarters of an inch 

thick were taken from lot 1 and lot a and plaoed in the 
o 

oven at a temperature of '0 F. and held there for an 

hour. Both lots softened some at this temperature. The 

temperature was then raised to 750 and maintained for 

an hour. Both lots softened appreciably. Between 800 

and 85° F. both lots commenced to .pread out and lose 

shape. There was no difference in the standing up 

qual it 1e8 in the butter from the two lot·s during period a. 
In period 3, lot I reoeived the ba i1 ration 





-58-

and lot a, 4 pounds of cotton seed meal per day. At 

70° the butter from the basil ration was noticeably 

softer than the butter from the lot reoeiving 4 
- -

pounds of cotton seed meal. At 80° r the butter from 

the basil lot was very 80ft and commencing to spread t 

the bottom of the slioe. The cott,on seed meal butter 

° while sefter t ,han at 70 F. was still , quite -firm and was -

holding its shape well. At 850 F. t~e but~er fr~m the 

basil ratiQn had almost lost its &h~pe and wa spreading 

badly, while the ootton seed meal butter, thotlgh 8Qft; 

• s still holding ,its shape well, the e ges of the 
o 

sliae remaining olear out. At 88 F. the butter from 

the basil ration had lo'st all semblanoe of its former 

hape- and was melting at the edges. The cotton eeeel 

meal butter oommenced to spread at the bottom of the 

slioe at a temperature of 9ao F. After remaining at 

that temperature for some time the top edge. pf the 

81ice still remained olear cut. The butter fmm the 

COW8 reoe,iving 4 pounds of -cotton seed meal was a great 

deal --firmer all the ay through than the butter from 

the ' cows rec~iving the basil ration. 

It will be remembered that 1n period 4, lot 

1 received the basil,ration and lot a six pounds of 

ootton seed meal per day. The experiment with the 

samples from period 4 w&re similar to period 3 in 

the lo~r temperatures. The butter from the basil 

ration oompletely lost its ahape at 8So F. while the 

cotton seed meal butter did not lose its shape until 
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o 
it had stood for some tine at a temperature of 94 F., 

'\,wo degrees higher than the tempe ra'ture at which the 

ootton 8e d meal butter i 1n period 3 commenced 

spreading. 

Thebutter from the two lots 1n period 5, 

showed no differenoe 1n the rate of softening. In this 

period, lot 1 and lot 2 reoeived the bas11,ration. The 

ootton seed meal butter seemed to have the property 

of keeping its shape until i its temperature had almost 

reaohed its melting point, while the butter from the 

basil ration grew vezy 80ft and mushy and wo~ld oommenoe 

to spread from 5° to 100 F. before ita melting point 

was approached. This charaoteristic of cotton seed 
butter 

meal is a very important one s :. a : .. . ~ nothing is more 

objeotionable to both the shipper and the oonsumer 

than a soft butter, for it is hard to handle and has a 

most unpalatable appearance. 
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Keeping Quality of Cotton Seed Meal Butter. 

In order to determine if butter made from the 

meal ration had any greater keeping quality than butt r 

made from the basil ration, samples of eaoh churnin 

-wei ~ing about a pound and a half e oh, were wrapped 

in parchment paper, placed in open &1 ••• jars, so 

that the butter .a8 in contact with he air. They wer 

then placed in a room where the temperature was 
0 0 kept at about 70 F. Other samples, wei hin about 

t 0 pound eaoh, were wrapped in parohment paper, and 

plaoed in 0 los ten pound butt r tubs whioh were kept 

1n the refri erator, where the temp~ature averaged about 

450 F. These samples were examined at irregular inter

val. and oomparison. made of the deteri ration in th 

flavor of corresponding lots. 

Note on butter held at "IiOo F'. 

Butter mad in period 2, was plaoe in 

the warm room about 17 days after being mad. At 

thi time the butter from both lot. was n good hape. 

When examined two week afterward, the butter from 

lot 1 had dev loped an oily flavor, while the butter 

from lot 8 had not ohan,ed any. It will be reoall 

that lot 2 reoeived 2 pounds of cotton seed meal 

durln& this period. When examined 18 days later, the 

butter from lot 1 .as stron ly oily. The butter from 

lot a was off flavor somewhat but not nearly to the 





extent of that from lot 1. When examined again 16 

days later the butter from lot a had developed as 

bad a flavor as that from lot 1. Within a month 

after being made, the butter from lot 1 had an oily 

flavor. When a month and a half old this butter was 

strongly oily while in the same length of time lot a 
had only beoome slightly off flavor. 

Within 16 days after being made, the butter 

from lot 1, in period 3, had developed an oily flavor, 

and a month afterward had a strong oily flavor while 

the butter from the 00W8 receiving 4 f of cotton seed 

meal had gone only very sli&htly off flavor in the 

same length of time. Seven week after makin" the 

butter from lot a had not yet become 80 rancid as the . 

butter from lot 1, and two weeks later there was still 

quite a difference between these two lots of butter. 

The butter from period 4 was placed in the Cl. 

warm room March 5th, almost a half month after it 

had been made. Lot 1 had a mild, oily flavor at this 

time, whil the s~nple from lot a had . not chan&ed any. 

When examined a weeks later the butter from lot .1 

had a very noticeable rancid taste while the butter 

from lot ~a did not appear to have change • When ex-

amine again after seven weeks after being made there 

was a bl& difference in the flavor of the butter from 

the two lots, the butter from lot 1 having a strone 

rancid flavor. The butter from lot a had an off fla~or 

but was not bad. 





!he butter from the two lots in period 5 

seemed to deteri 2.rate at about the ame rate. Very 
c> 

little differenoe oould be distinguished at any time. 

Notes on butt r held at 45° F. 

Both lote of butter kept fairly weil in the 

refrigerator. Two months after making, the butter 

from lot 1, in period I, had a strong flavor, while 

lot a of the same period did not seem to have chan ed. 

The butter from lot 1 in periods 3 and 4 developed an 

0.i1Y flavor within two weeks after being mad. 

When the butter in period a was 3 months old, 

the butter from lot 1 was still oonsiderably stron&er 

than the butter from lot 2. The butter from lot 1 

in period 3, when two and a half months old had a 

stron ranoid, oheesy taste while the butter from lot 

2 had a sli ht m ldj: .: ta81te but not nearly eo bad. 

.a that from lot 1. The butter from lot 1 in period 

4, also had a cheesy flavor when two months old, 

while the butter from lot 1 was off flavor only very 

sli&btly. Ail this butter was examined a ain on Ma~ ,. 

lath when the a e of the butter inpperiod 3, 3, and 4 

ran, d from 3 to 4 months, the butter in period a 

being the oldest. When the ample of butter to be 

, tasted was taken from the center of the pieoe of butterJ 

there was quite a differenoe in flavor between the 

butter from the two lot in each period, but not nearly 
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uch a pronounoed differenoe as when the sampl to 

be tasted was taken from the surfaoe. The butter 

from lot I of periods 2, 3, and 4, sb wed a strong, 

moldy, rancid taste on the surfao • While the butter 

from lot 2 had a moldy taste, there was no rancidity. 

The indioations were that the ranoid flavor in lot 1 

went from the outside in. 

These observations show that there ia a 

decided difference in the keepin quality of the butter 

from the two lots. o In the butter kept at 10 F., that 

from lot a was from I to 2 months ol~er than the butt r 

from lot 1, before going off flavor. The butter from 

the rat ion containin& a 1ar&er proport ion of cotton se 'ed 

meal seemed to keep better than butter from the ration 

qpntainin& a small portion of cotton seed meal. The 

butter kept at 45° F. showed the same property, except

in of oourse that· the butter from both lots was 

slower in going off. In everyone of the twelve samples 

of butter, held at both temperature , the butter 

from the basil ration developed an off flavor some 

time in advanoe of the butter from cotton seed meal 

ration. After a time the butter from ~he cotton seed 

meal ration would beoome as bad as the butter from 

the basil ration. 





SIQOHD lXPIRIMEM 

I TROnuCl!IO 

The re ults obtained in the first ~per1ment 

were not n arly 0 pronounoed as thoa obtained by 

other investi&ator. It wa conclud d that the in

fluence of the ootton eed meal was in some way count r

aote by the oharacter of the rou hne a fed. Actin 

upon this supposition a short experiment was vonduct 

with thr e co a. in whioh timothy hay was fed for 

rou hnes in place of alial! and corn aila e ' ad 1n th 

first xperiment. 

The Plan of the Experiment. 

Th object in aonduotin this experiment 

wa to discover if pos ible, if a grain ration com

posed largely of ootton Beed meal fed with timothy 
~ , 

hay for rou&hness would have a greater influence on 

the churnability of oream, the market qualities of 

butter, and the constants of the fat, than when fed 

with alfalfa hay and corn silage. 

The &ener 1 plan of this experiment was the 

same as that u ed in the first xperiment with th ex

oeption of the follow1ni points: only one group of 

oows was used; the experiment had only two periods; 

one churning was made each periQd instead of two; the 

cream for each churnin re~resented six, milkin&s in

stead of thr e. The basil gr~in ration used as 

the same as that in the first experiment, namely: 
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corn 4 parts .. bran 2 parte, and oil me'al 1 part. 

Arrangment of Experimental Period8. 
I 

P r1cd. 1 Period a 
16 days. 18 days. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · . ' . • • • 
Basil 

Ration 

· 

· • 
• • 
• • 
• • 

4 ., Cotton 

Seed Meal 

• • 
• • 
• • 
• • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Durin perio 1 the three cows received the 

basil g~ain ration and timothy hay. Then in period 

2, 4 pounds of the grain ration was replao d pound 

for pound with ootton seed meal. The milk from the 

last three days of each period as used for the deter-

minationa. 
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TABLE X. 

No.ofCow Breed A~e 
-Period of A~. A m't. 
L- ac-tati On MilkQJa) (VRS) (days) 

53 Jersey 5" 103 2' 

301 AJrs~"ye 9 Z57 23 

4-06 Shorff.orr, 3 IS 9 12 

Aver ~9e. ~- 5~ 176 19 

TABLE: XI. 
Aver-age Ra+i ons Fe.d. 

No. of Cow FEED ffBlQ'p') 1 PE~lQQ~)2 
Timothy 15 15 

53 G..-o in IZ 8 

Coif-on Seed Meal 4-

Ti~o+h\J 15 15 
301 Gira i n 13 9 

CO*Orl Seed Menl 4-
omo+h" 15 15 

4-06 
, 

Grain 8 8 

Co*otSsuA Mea' 4-
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Table XI gives the average ration fed each 

animal in periods land, 2 .• The rations were computed 

according to the Armsby standard. 

Churnability of the C~. 

The churnings in this experiment were made 

in the same way in every particular as those in the 

first experiment, of which a description may be found 

on page 31. The results are given below. 

· . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • 
• • 

• • 
• • 

Large Churnin& : Experimental churn 
(minutes) : (revolutions) 

. . 
· . · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Period 1 21 875 · . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • 
Period 2 30 • • 1975 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

It will be recalled that 4 pounds of cotton 

seed meal was fed in period 2. While the time of churn

in in period 2 was longer than in period 1, it may be 

8 1d that the churnin s in each period were easy. Com

parin& . the time of th'e churning in period 1 with the 

time of the churning in period 1 in the fir t experi

ment, (found on page 32) it will be seen that the time 

of the churning of the cream from the basil ration was 

about half that of the cream from the basil ration 

ith alfalfa hay • . While the cotton seed meal fed in 

period a seemed to increase the difficulty of churn

in, the increased difficulty was not so great ae was 
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found in the first experiment with 4 pounds of cotton 

seed meal. The butter in both churnin&s came in 80ft 

flaky granules, but came considerably softer in 

period 1 than in period 2. 

Flavor of Butter, er Market Qualities. 

The butter made in this experiment was not 

scored. However the butter from period 1 of this ex

periment seemed softer and was conside~a~ly poorer in 

flavor than the butter from the basil ration in the 

first experiment. The butier from period a was firmer 

than the butter from period 1, but seemed to have a 

greasy flat taste and was very low in flavor. This 

butter was a great deal poorer in quality than any 

of the butter produced on the cotton seed meal rati0n 

in the previous investigation. The body was ;- very 

~ickJ and had an over worked appearance. The 

flavor and body of this butter was so poor as to 

have s eriously injured ita market quality. Althou&h 

the butter from period 2 eemed firmer than the butter 

from period 1 it did not seem as hard and firm as 

the butter from the e ~ ttd!i ee ' meal ration in the 

fitat experiment. 
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ffect of OottQn Seed Meal on the Constants of Butter Fat. 

TABLE XII 

· .•.......................•.........••... ' .~ " •......•......•• · • · · : Melting Point 
· · Reiohert Meissl 

. . · · · · • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Period 1 

Period a 

• · 33 

38.3 

· · · · • · · · 
26.55 

a8.03 
· • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

· .. : Saponification 
number 

Iodine number: Color 
: (yellow) 

· • ••••••••••••••••••••••••••••••••••••••• I ••• I •••••••• I • I •••• ' 

· .. 
Perriod 1 

Period 2 
• · 

226.5 

a2a.3 

36.13 

38.53 

21 

28 
· .. 

· I . ' I ••••• I ••••••••••••••••••••••• I •••• ' . ' ••••••••••••••••••••• 

The influence of the cott.on seed meal on the 

sonstants of the butt r fat in this xperiment is far 

more pronounced than in the fi·ret experiment. The 
o 

melting pOint went up 5.3 C. as compared with a 
o 

ri e of 1.64 C. in the previous xperiment. The 

Reichert Meissl number dropped .53, while in the first 

.xperiment there wa a very slight increas. The 

Reichert Mei 81 number of the butter from both per-

iode in this experiment was considerable lower than 1n 

the previous investigation. 

~he aponific at ion number dropped 4.2 in' 

period :3 as compared with a drop of 1.2 1n the first 

experiment. As in the Reichert Meissl number the ap

onification number was lower in both periods in this 

experiment than in the other experiment. 
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The iodine number was raised 2.4 which was 

not as great an increas as was secured with 4 pounds 

of cotton seed meal with alfalfa and silage. The 

iodine number was higher than in the first experiment. 

The color reading increased from 21 in 

period 1 1t 28 in period 2. This shows an increase 

in the color hen fed cotton seed meal while the 

general tendency of both lots of butter in the other 

experiment was to decrease in color. The color read

in& of the butter in period 1 is 29 lower than that of 

the butter in period 1 of the previous experiment. This 

may be due to the alfalfa hay containing more color

in& matter than the timethy hay. 

Hardness Test. 

Depth of Penetration. 

Period 1 Period 2 
m.m. m.m. 

320 290 

This penetration test shows the butter from 

the ration containing 'cotton Beed meal to be firmer than 

the butter from period 1. However both butters 

were very soft. The penetration t6st indicates that 

the butter from the cotton Beed meal ration was softer 

than any of the butter produced by lot 2 in the pre-

vious experiment. 

As the "standing up" quality of butter 

depends to Borne extent upon the meltin point, the 

butter made in ' period 2 held its shape and firmness at 





a temperature of several degrees higher than any butter 

. made in the first experiment. The butter made in 

period 1 lost its shape at a comparatively low temper

ature. 





SUMMARY AND CONCLUSIONS. 

Oream from animals rea.iving cotton seed 

meal in their ration is more difficult to churn than 

that from animals receiving a ration without this 

feed. The churning is as difficult when the animals 

are receivin& four, POunds of cotton seed meal in their 

ration as it is when six pounds are fed. 

A distinct flavor i8 imparted to the butter 

by feeding cotton seed meal. This flavor is hardly 

not iceable when only two pounds of this feed i.B fed in ' 

connection with alfalfa hay and silage for roughness, 

but it is very pronounced when a much as four or 'six 

pound per day is fed. The body of the butter pro

duced on this feed is firm, sticky, brittle, and has 

an overworked appearanoe. The influenoe of this feed 

on the flavor and body of butter when fed with the 

roughness mentioned abov~ I is probably not such as to 

injure its market qualities. 

Mor salt should be used in a butter made 

from a ration ttl whicbL ootton seed meal 1s used. 

The influence of cotton seed meal on the 

constant of the butter fat was only slightly 

notioeable, probably due to the oharaoter of the 

roughness f d wi th the ration, ':., ~ :... . Th t:t ' l ting 

point was raised 1.840 OJ the Reiohert Meissl number 





was not affected; the saponification number was 

'lowered slightly, and the iodine number raised 2.?2. 

The oolar was apparently not affeoted. A harder 

butter las produced from the cotton seed meal ration 

than from the basil ration. A firmer butter was 

produced from a ration containin, 2 pounds of cotton 

seed meal than from a ration containin& four or six 

pound.s. The hardness was not influenced by the per 

oent of water in the butter but varied to a limited 

extent with the iodine number. These results corres-

pond to some extent with those of the Alabama station 

where 3 pounds of ootton seed meal cave as firm butter 

aa 8 pounds of cotton seed meal. ' The firmest butter , 

did not have the highest melting point. 

The butter from the ration containin, cotton 

seed meal had thepfrC)pertJ ~"'~ of standing up and hold-

in& its shape at a much hiiher temperature than the 

butter from the basil ration. The firmer butter did 

not have the greatest standing up quality. 

The cotton seed meal butter was of far 

better keeping quality than the butter from the basil 
, " 

ration, the latter going off flavor from 1 to 2 

months sooner than the cotton se d meal butter, when 

helld at a temperature of 70° F. 





Apparently tinothy hay produoes a softer 

butter than alfalfa hay. 

The butter -produoed from the ration containing 

cotton seed meal and timothy hay was poorer in flavor 

and in body than butter produced from a ration contain

ing cotton seed meal, alf alfa hay, and corn silage. 

There was a pronounced difference in the 

inf luenoe of the cotton seed m9sl on the flavor of the 

butter and on the constants of the butter f at in thJs 

experiment, from that in the previous one. 

The effects of the ootton seed meal on the 

quality of the butter and the constants of the butter 

fat,correspond more closely with the results of 

other investigators than do the results of the first 

eX:gerimen't. 

From the results of these experiments it seems 

that 2 pounds of cotton seed meal in the ration, when 

fed with alfalfa hay .• would be beneficial to butter 

rather than harmful. The f irmness. the 1'::eep1ng quality. 

and the 1191 t ing po int would increase while the flavor 

would not be noticeably affeoted. 
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