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.B APPAltA'lU8 AHD :u:lYUOD POR DI'nHYIHI!fO 

TIm HAlUllm S8 OP BtJT'l'lUt .A't. 

Ono of tl16im})Ortant Pl'Oporl1oa to he t ~; kon 1nto aooount 

in jUd.ging t.ho Qua11 ty of bUttor 18 'he 80 oallod BoClY., hY W111ch 

18 meant t 118 haran6BtJ. oons1stenOY or t1PR1noSS of the butt"r. 

Bod.y1s (tescrlhetl h)' tho hut tar Judge in oucll. tel"n1.8 8S perfect, 

ftrm, bard or 'allowy, "oak, and etlCkl( and 18 estimated by 

press1ng a pieoe of t116 hut tor botweon the t.ln.lllh and rinser or 

Tl11s prope rty 

is.dOUbiless , vOn' C10A81~ related '0 '1)0 httr<1nas8 or the 

" hU\tcr tat. al though 1t 1:3 not det1'n1telY known just to what 

oxtent 'bo body or tll~ hutter oan h~ 1n1'luencea by the manner of 

hand.l.1ne tho .11k' end cruut" . churnIng, wti8:t.lng and ork ing- t J1H 

butter, eta. trObahl~ 80me of these 1'actors cio exert a certnln 
, ~ 

1nflueno6 tn 'i'l11 r~8poc~1t althougb tilOY are mOI~ direotl)" 

con,oomod 1n88tl1bllsh1ng , anotllGP pl'Opel·ty or the hutt6r known 

as texture. It has beretofore beon 1mJ)Oeolbo l &0 socure (i6f1n1te 

data on 'h1s point on aOQount or the laOk or a su1table me thOd 

~or measuJ-1'nltbo l'lftPdnesA of bUt t6 •• 

SeYeral 1nvest1Bntors have attempted 10 "canure tb~) 

llaPdnes8 of but ter lll'OdUQ8d under experimental oond1 t10ns by 

mope aOOUl'atemethocia than 'hOBO Uooc1 by t118 butter jUdge. 
1 

WoOd 6 Pal'lOno report p08ults obtalned hy tho use 01' 

a motllOd. whioh conSists essent1allY of dropp1ng a "ol&htod. 
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slass 'roc1 tbrougb a glass tube 1 metar lOng , held Yort10·alll' 

above tho 8urtaoe of tho butter to he tested; and noting the 

dopth of penetrat ion on a 80alo at t · 0 , to tIle fnas8 tUhlng. 
, 

~cport results secured 

by a method. 81m11ar to tnat descrihed shove, exoept, that 

the lar e nass tul-.e Wli B d1spensed 1th and the de . th or 

psnotr, t ion 8S aeasllrtJU c11r&otly on t Ile plunge ~ I he 

results tn bOth oaS60 O~O expressed 1n mm. 01: penetrnt ion. 

WoOd and Parson's d.oturmina&10nS vera pe formed at 15.5 dogree !: 

o. aft.er the but tttr 1 d stood .1n a 0001 room for seVerlll day " 

Thoso reported y L n'~, :~ f "I. at Ul •• WOI'O portorL16d on hut t or 

WhiOh wao removed u cold. s torage anel allo od to etltlld at 

room t81lPorature. f r flO I t) timo . 

~ . DUll i:t) 13 r. .. p . t a 1011 

• 13 th Annual 1 t Hatf.f xpel~1ment s tation 

Mae. AIP10Ul ural Gollo te- Page 7. 

lll-th Annual RepOrt Hfttoh Bxper1ment Station . 1&8ss . Agr10ultural 

1011080. 

16'b Annual Report Itnt.oh Experimen t , s t at ion. ass. Agrloultural 

0011e e, PaM 59 .. 60, 

218t Annu 1 Repor' H ttob ! ot'lli ut " t.U& 1on, atls ABrloultur 1 

99-102. 





(3) 
lartle"ft reports unsat1sraotory results by the 

use ot a method similar to those already descr1bed . 
. (14-) 

I. r. Doane 1a ents the laok of a suitable 

lI.chanical method ror measur1ng the harC1neBs of butter. 





In the l1ght ot h1s own exper1enoe, the wr1ter raile' 

to 8ee how oonCOrdant rcsults can he obtained 1n extended 

sertea of exper1ments, by Jml. system 01' measur1ng the hardness 

ot butter tat, w1thout a much closer oontrol o~ the teInperature 

than that desorihed by the other invest1gators referred to; 

Bome ot wllom soem to have been contont with allOw1ng the samples 

to stW14 fOr a oerta1n length of time at room temperature. 

The method ot measuring penetration on the plunger 

1tself proVed, in the writer's hands, very unsatisfaotory, 

on aocount ot the splash ot tat wh1ch of ton rose around the 

Plunger, mak1ng an aocurato read1ng of the dePth ot penetration 

impossible. To our mind the method of stating results in mm. 

01." penetrat10n of some arbitrary plUngor 1s also an unsatisfactory 

naslB of oomparison, tor the hardness or butter fat. 

In some of our experlmental work, here, it becnme 

essent1al to measure the hardness of tho hutter rat produced, 

with a reasonable degreo Of aocuraoy; and in auch a way that 

results Obtained throughout experiments extonct1ng over long 

per lode of t 1 roe , would be en t iI-elY comparahle. Since none of 

the methods a1reaciY descrlbed seemed sui t ahle to our purpose, 

the wr1~er set about doV1sing the apparatus an(1 method now to 

be d.esor1bed. 

(3) 14th Annual (189~) Report Ma1ne Agricultural EXP. 

Stat1on. Page 109. 

(ll) Uaryland Agricultural EXp. Station Bullet1n 64 page 53. 
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The apparatus used, 8S shown 1n tbe aocompanying out. 

comprises a rirm 8uppor\ (A). anel a 88parato '11g11t frame (B) 

carry1ng tho penetrating needles and tbe we1ght8. the support 

consists or a h8~VY 1ron haSG (I) into .bloh are 1nsortO<1 two 

upr1ght rods (D • I) abOut 1 •• te~ lone, one of wbioh 18 hollOW 

and oonta1ns wires oonneot1ng g,h, and 1. These upr18'l1tl are 

abOut 2, em apart and are joined togother at the top by a p1ece 

ot' hollow iron rod (f), to tbe oenter ot wblch 1s suspendea an 

eleotl'O-magnet (B). h & 1 are blnd.lng poats for nt taoh1na 

the batterie8 to operat.o tlle magnet. A ke, (J), attaohed to 

the base J serv88 ror malt1ng and break1ng tIle current through 

the magnet. E a L are 1~1111111leter scales l'oa<11n« clownwerd. 

A ttaohed to the upr1g11t rOdS 1s an aCljustahle platform (II) 

tor carrying the samplo whoso hardness 18 to be tosted. 

1'he coaraar adjustment ot the height ot· the platform i8 8eoured 

by mean. of the clamps n Wld o. '1'1118 actjustment Qces not need 

'0 be regulated exoept at rare intervals. .A finer adjUstttent is 

seoured h1 simPly turn1ng(M) Which 1s supported from N -0 by 

• 11 • nut and. SOJ:-OW. 'lbe trame (D) 1s of hollOW brass tub1ng to 

get 1t 88 l1ght 88 possihle, wn l1e st111 reta1n1ng tho nO'oessarr 

degr.e or Itrength. It is about ~ om, long and 15 om. wiele. 

P 18 a pi.a.or 80tt Blredi8h 1ron to be acted on by the 

eleotro masnet. DireotlY' beneath th1s 1ns1d.e the trame. 18 8 

soak., and •• t-Iorew (q) \0 hold the needle T 1n plaoe. 





., 'he oppoa1'. end ot tho 1'ralDe 18 8 small Plntrc r'r:~, KE) :%'"01' 

carning 'l~ wo1Ibt •• Whlch are mnde 1f1 tll a nolo dr111oo. thJtCu gb 

tl1e con&re 80 thAt , "hoy ann bO Plncod ovet- tbo sorow pro--. 

j ,ootlng 'ahOYe \llG plS'tOl'Ifl. and IUt4cl t1mlY 1n place hy 'he 

nul S. T11e trame (B) sa when carry1ng an)' one o~ the set of 

neocu.es, woig hS 200 grUllWl68. Addit10nal l161gbtu a 1'06 pro-­

\,1dod. ~1n~' poo81hlo un.y Oomb1n( tlon 0 '£ exao\ Wllt l1Plefl ot-

100 gr. UP &0 1200. A 80' ot noed.les 10 provIC1e-d. hHV1ng , 

oross .00t,10nal aJ.~O(l8 or ;, 10, 15. 2.5. 50, and 100 SQ. 11m. 

The)' are oylindr1cal in otJapO nnC1 811 ~j'ltly DlOl·O t,han 10 om. long. 

being I.ltll'kod at, a (l1ntnnco of 10 om. trom tho ond.. Tho l nI'gOfJt 

sizos alfU of }\o110w tuh1ng Plu8P'ed a t t. l~e ends . und the 

smallest Stl{le wi \11 hcu" ." ( ~ nJ ~ I . ~ s to socure t ho lm1:fclnn1ty of 

.,be 8cales ( K tkl;; ) attacnotl to tno upright 70<1 8 ~fh1cll 

we:re prt~vlousl)r retoI·rOt\ to art} soplao6<i \ilnt wh6n tho t'rame 

wit.h neef'lle and w61gh". 1s hold in plUQ6 hy the electro-magnet. 

'p~epara'o" \0 making tIle tost. the P01nt of tl16 neodle is at 

.8ro on too ReiGlea. Tho tel g11t ot the ftdjustnbleplatfo:rm( U ) 

18 tben 80 r6!\llnteu 'h.ut t ?lO surfaoe· or tho 8ar~lPle \.q he 

'estecl is ot 100 _.on tho scale. A emaIl Plumb hOb {W) is 

mado uae or ln \1118 conntlotion. Tho distance of t'all before 

:r.aob1n8 '}le BurtaGO or ft)le bUtter is. than, always 10 ca. 

In 'JIIIlft8 f,be Clot.t1l'm1na\lon. tho rr6l.18 (B) w1th ,a 

wl'ttable noe4loanC1 weigh's 18 suapfU14ed rl'Om t I10 electro 





magnet; an'l tho bttno}an~ of ~at plaoed in poa1 t10n heneath the 

noedle. the holgnt bo1ng l'68\llate<1 fiS doscribed abOVe. The 

trane 1 s thon reloasod hY IllUflrl 9 O.f the koy. TI16 dept}} at 
) 

ponetration 18 8aC6J'ta1nad by 8tre~0111ng 0 very fino W11'*0.. in 

l1ne with the mark on tlio n80<116, and not1no its poa1t 10n on 

81 thor scale. Tbo 8.VOl'UIJe of t,wo r6udlnga 1 s t,al<en 8S tilo 

depth or ponetrat1on. 91nco tno 0""1 ncot1onnl area of tt16 

penetrat1ng noodle 18 ltnowe,aIHl the dopth ot P6 ~': etrat1on hilS 

been 8scertaln0<1; 'h61~ proClue, .. 1nc11oato& tho volume ot htlttcir 

tut dlsplaCod. Tbo tUlOun' or weight aotlng on tho 'needle 1s 

known. Olut the d1stancu tbl'Ougn w111011 1 t falls is constant. 

if. tllen. fthe amount of we1ght omplo),'; d, 0xproAsed in groomes, 

1, <11vlc1e4 'llY tho YolWfIO . of tnt d1splaood. expl·ossed un OU.mm. 

the quot.lent w111 l·Opl'OBont the we1ght 1n grwnroo8 rOQu 11~od to 

d1sPlaoe 1 cu. am. ot tIle tnt. or the rlUmhtlr ot kilos roqu1red 
- . C!.wt.. 

tod1aplnoo l. cu. tim. ' tit t he 8ta'0<1 temperature. This 11 

thobS8is emploJ&d &0 oxpress the proport1onato hardness ot 

.A 88Jlple of fnt 18 saiel \0 1'1uVe a oorctnO'88 ot 1 

a' s t ut, ttQ tomparllt,ure wben 1 k1l0 will a,isplaco 1 0.0. or ftlt. 

or or 1.2 or .85. whOIl 1200 or 850 iiralrll8S ruspeot 1velY nr'a 

required to d1~plnoo 1 0.0. of tat. 

used d.aP8ntt. of OQU1"80. on t.llo OluU!uotor or tho tOut. uncl the 

tomperatuN at Which . ,ho lHlrdno88 1m determined.. 91th n 

proper oo."lna'1on ot nuadlea 8n<1 we18'hta, tlle neectle "ill 





rema1n pruot1oallY stationary in the rut after the lnlt1al 

Plungo. If, however, too much we1ght or too sI;:all a needle 

he emPloyec1, the needle cont1nues to s1nk sloWly mak1ng an 

accurate read1ng of tIle depth ot' penetration 1mposslble. 

In the reverse caso, with too large a neodle or too l1ttle 

"e1g11t, the penotrat1on 1s or course much less; u ;, d the 

per~8ntage 6xperiment r 1 error proport lonatelY f~~reater. 

The sUspension of tll(-3 we1ghts far helow the noedle 

hr1ngs the contre or gravity or the :falling" port1on of t-he 

apparatus helow the POint of tIle needle, caus1ng tllo lut tor 

to 1nvarlahlf assume a vert1cal pos1tion, mak1ng 1t much 

easier to asoerta1n the true depth of penetration than 

woulC1 bo tho case if the po1nt of the needle were at or 

belOW tl16 centre: at gravity. Arter 1ts release by tho 

eleotro-magnet. the apparatus meets w1th no resistanco what­

ever 1n 1ta tall, eJtcoPt, that offered hy the air, unt1l 

tlle point of the neodle reaches the 8ur~oe or the hutter. 
/ 

It might he argued. that graVity was act1ng througll a 

greater distance in tho cnRO of n eample Which was penetrated 

30 mm., than 1n the cuse of one wh1ch was pcnetratecl, say, 

onlY 15 mm •• or again 1t might he argued thnt the amount of 

fr1ot1on on the s1des of a small needle W01 Jld oe propor­

tionatelY greater than that on a larger needle, on account 

or the aroater surfaoe area 1n proport1on to ita YOlume. 

'heae Ob~8ct1on8, 1f tllO), are at all patent, wOUld tond to 

. , { 
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ooun'.:raot each other. an4 ., anF :rate their 1nfluence is 

not percoptible 1n the reaults; tor 4UP11oato determ1nation. 

carried out with T~lng 81z8s ot neod.].os and weights, where 

tha depth otpenetrat1on 18 neoes8u11,.are.ter 1n aome Oa8'8& 

thail in others. ahcw no greater Yar1at1ons than occur when 

the same 81z8a 01.' needles and we1ghts aI·e useC1 throughout i 

provided. that Comb1nat1ons whlah render acoura~8 road1ngs 

difficUlt to make beavoidod. 

ID practioe .e endoftvOr \0 a80ure a comblnat1on O~ 

needles and weights which w111 give a penetrat10n ot abOut 

25 01' .30 ... and. w1th our wide range of we1ghts.200 '0 1200 

grammel; have ord1naril, ~ound it necessarl' to make use, oni,-, 

or the needles baving OroS8 seot1onal areas of' 25 and 50 Sq.llIl. 

While t:o. agreement of' ttup11ca te rea<11ngs 1s not a8 

01.088 a8 18 ordinarily Qxpectect in quantitative chem1cal 

work, 1t ls, oons1dering th~ nature or the doterm1nation, 

reaSonahly sat1at'actory. The •• neme Val-1at1ons rarelY 

exoeed 2 llil11aeters "ltll a pene,rat1on of 25 to 30,and 1n 

tbem.ajor1\, of o'Rsca, the r eadings have a oloser aareement 

'han that mont 1onod abOve. # 
In oarr¥1ng out the 4eterminatlons man7 41ttloult1es 

were encountered., 10118 or: whioh had. been ment1onec1 or h1n'ed. 

# Aa .XPla1ned on fa8e ~5 much or the flata pr6l!Jentec1 1n th1s 
paper waa 8eOUl'ed. be1Vre the apparatus bac1 , ... Ulloa 1ta oom.-­
pl.,.<1 tora, Which aOeOtmts tor tbe apparent' C11.'crepano¥ 
bet ... n'hie etatemont $U14 ,be results as giyen in tho table •• 





at by the other lnvest1gat,ora named ahOVc. Since we were 

primarily lntet'osted 1nthe properties of the ~at 1tself, 

rathor than 1n those of tbe manufactured butter , the d.e­

terminat10ns Welte made on the rendered tat. It wae not iced, 

among otller th1ngs, that the tat 1n cooling tended to 

separa. to into layerS o:t" C11:N'erent hardness; the harder 

port1ons Cryetaliz1ng f1rst at the outs1de of t he container, 

leav1ng the softer port1ons at the oentre. 

The observed penetratiQn would t hus Vary, depen<11n~ on 

Wh1ch port1on ot' tlle tat, in tliO reoeptaole, was penetrated. 

To ovorcome t hl s d1ff1culty, t he samples were Pla~ed 1n a 

pan or COld water and stirred w1th a glass rOd W : tl~ t he rod 

Could. be removed without leaY1ng an impress10n in tll0 fat; 

the oooling heing thon allowed. to proceed in the natural way. 

137 tbis method, samplos wer'o ohtained un1rorru in compos 1 t ion 

throughout, and sat1sfactory dUPlicate readings or the 

cteptb of ponetration were 800U1'8cl. reg ardloBs Of WIl ich por­

'ion o"r the ~8t 1n tI10 conta inor· was penetratec1. 

Tables 1 Wld 2 ahow data 11l11a trat1ng th1s point. 





TAJLW 1. 

All the samples ' shown 1n 'fable 1 wore taken Nom 

tbe s·ame large dish of molted butter tat, which bad been 

'oorou8hlJ aued, and "ere 1dont1oal in oompos1tion. Arter 

being J)OUl'ed into the small 3ars in whlob tbe harCln888 W8.8 

.e·asuped the samples rece1Yed. tho same treatment in evory 

r espeot. except that the samples so deslgnated. were stirred 

w1th a 11888 rOd, as a8aor1bod elsewhere 1n t h1s paper. 

wh1le they were being ooolod. in a pan ot: runn1ng water. 

Tho sampl.s designated. a.s UDst1rre<1 were not <11atm-bed 

unt11 they weret 8011d.. The samples were all I'omoved at tbe 

aame · t1me to the oonstant temperature bath and. kept at, almost 

exaotly 15 degrees • for 18 llours. 

O'1rre4 while GOIl1ng. 
Samplo .0. Peno,ratlon. 
1~~~-~~~~~~-~~~~~~21. 

. ' .... ,.,..-·· .... -_ ............................ 22. 
~, ... -~---------,--22. 5 
4----... ·-----------22 .5 
,5~ ................. ...,-..... -~ .... -- ........... 22. ,----------------23 
7~ ........ --~ ........ ----..... --2-2 

~v.rage-----------22~1 

ma. 
I 

• 
• 

BO'S'1rrod-
8aluPle I{o. Penetrat 1on. 
8--------------28 
9--------------2' 10-------------2' 11-------------25 
12-------------2' 13-------------27 14------·-----2_ 
15~---------22 
AYerage--------25.8 





ttl- data pros.nt-cd. tn 'abl.' 2 1~ o~ tne same nature 

al 'hat 8ho"n in ' &\\\8 1. tn. samples haTlns 1'.0·81",04 

prao'loal17 i dentical traatJD at. \0 that a1ven the 8am.Dl 8 

10 ! .able 1. ~h. l'l1ttcr tat '88,e4 .. 110 ever·, was tpo a 

4ttteren, 80\U'Ce • 

• " '1'"4 1llUe Qool.uur. 

8ample B'O. Pen.tra~lon. 
1"~"'----"'---"'--"--12 :.' .... 
2· ....... -~-....... ...,-.... - ... - .. 12,,' • 
·3· ........ • ................... --.. ---~l2.S 
, .... -- ..... ---------.. ·--~ .... -l .•• O 

. ,·~-------·--.. --..... ll.,' 
'---~---"---"'-"'''''·--1.J. , 
7~-----...---·--..... 1; .• 5 
:;-;;;----.. ----H:' 

' 0' S11rreG. 

SamPle ~ o. Penetration. 
9~"""-'------~8.' 10-.... .......-.------.. 16.0 
11~--------1 •• 0 
la ....... ---... -. ... -~-18.0 
~3-- ... ------.... 19.' 
1~~~---------18.' 
15-------.... ---17.' 





Th ••• trials were mndo with 8 large number o"r heakers ot 

mixed tat. and tbe S81nples were all Wlder 1dent1oal 0011-

<11 tiona, except that part wel't6 st1rred, as descr1hea, 

wbl10CoOllng, and the othors were not. In all cases 

t.he samPles were held. at, ox· noar, thu test 1ng tompera­

ture long enoulh to lnsur~ thorougb oooling. It w1ll be 

not1oed. that tho penotra tion in tho 08se of.' the unst1rrod. 

saJIlples was greater on 81"ery occas1on, than w1 th tIle 

It1J-red aamples, dUO dOUh$18S8 to tbe ~act, that in tho 

emall V8ssels employed to contain the rat, the penetra­

tion inYar1ahly toole place neal' tl1e centre. wllere tho 

80r'ar port1ons or the fat were COlllcted.. " Tr1alS were 

a1eo .ada with tbe tat in largo oonta1ners, whora difter­

In' pol't1ons of tbe ~a' in the same vessel were penetrated. 

the resUlts ar8 .baWD 1n Tables 3 & ~. 

-u-. 





Pat in large conta1ners (600 01 Gr1ff1n heakers) 

Samples .ere all Itl1~red wh1le ooollng. No .rtort was 

_el. '0 have samples 1, 2, 3, & ~ of the same comp08it1on. 

Samples were bolc1 at about 15 degreas 0 1n tIle oonstant 

temperature bath ror 18 bours. 

Penetration in am at oentro. Penetration 1n rom near ddge 

1 4eterm1nat1on onlY AVerage or 4 d.term1nat1on ~ 
Sample 1 20.5----------------18.-6 

2 27. --,--------------25 • .5 
3 30.;----------------30.7 
4 30.5~---------------29.7 

TABLK 4. 

Tile same Oond.lt1ons ohta1ned here as described fOr the sampleR 

in Table 3, except that none of the samples were stirred 

dUring the cooling prooess. 

Penetrat10n 1n mm at centre Penetration in nun near ec1g. 

1 d,a terJninatlon 
Sample 1 

2 
3 
4 

AVerage of' 11- detarm1nat1on8 
30.;---------------22.1 
30.5---------------2 2 
29.5---------------21.8 
29.0--------------20.8 





It w111 he noticed tl'om tbo tables 3ust re:ferred. to, 

that when the samples were 8t~rrcd during the pl'ocess o:C 

Oooling, tbe penetration was practically the same, rea.4-

10S8 or wl11ch port1on of tbe fut was penetrated. or at least, 

the d1fferenoe, if thoro was any. came fur w1thin the llm1ts 

of expor1Jaen tal erl'aor under . the best cc·ndl tiona; hut, that 

1n the case of tho lmstlrrecl samPlos, the penetration was 

mucll greater when measurod attbe centre, than whon 1t was , 

moasured near the edges of' the receptaolo. Tho Pens ·trat 10n 

.llon measurod midway hetW6en the oentro and ed~~6 was just 

about the aVerage ot' that obta.1.ned at the contrc and that 

obtained a.t the edgo. 

Another very serious dlrrlcu~ty oncountered was that 

or ma1nlain1ng the tempera ture, at Wl11cil _1 twas dosired to 

p6rfoI~m the t ests, ~ ltll H clCso enough approximation to 

constanoy. It was a()()n found. 'that in order to seCU1'e rc-

.ults ot LillY value, \f6 must mHintain :fOI' soveral hours a 

temperature c·onstant to w1t111n 0.1 dogroo, or at moat 

0.2 d.egreo, O. ltUmerous attemPts were maue to accomplish 

'hie bY' tlle usC;) of 'harmal re 1!,ulators 1n conjunct1on w1 th 

water bethe, and water jaoket6<1 ovens, by allowing the sam-

ples to stand 1n rtmnlng water, etc. Failure was, doubt-

leB8.<1Ue to tbe tact t that tho toxnperutuI'O Wf110IJ 1 t wns 





neoossary to ma1nta1n was very 0108·8 \0 'hat or tbe room 

anet orlen below it. In the metbO<1 which we tlnallJ' 

aclop'ec1, a large :tlat bOttomed w·ater bath w1th COVer was 

tightlY pack.ad with non-conduot1ng mater1al, in th1s oase, 

exoels1ol" 1 lns1do u do u})l. walle,d bOX. 

W1t11 th1s arrangemont it was found ent11l ely feasible 

to oontrol the temperature, within the rather CIOS6 l1mite 

prosor1bed ab01fe, whon the temPerature Of tbe room was not 

more than 2 or 3 degreee I. from tha t to 'he ma1ntained. 

The necess1ty of auell a C10S6 oontrol ot' the telQPerature 

will be better understood. atter tnanc1ng at Tahle 5. in 

wh1ch 11 g1ven the rosult·" e60Urc(1 as t ilO comparative hard.­

neee of a Hamplo of tat at tomperatur6Svarying ~rom 10 

degrees to 19 degre8i C. 





Tahle 5. 

Show1ng the bardnes8 ot the same sample ., or butterrat at 
temperature ranging trom 10° to 19° Qentlgrac18. 

Z80b value 88 .'a\ad W88 calOulated 1'1'om the average of 

seyersl detollUlnat1onl, carr1ec1 out acCOrd1ng to our 

regular metho4 or proo84ure as g1ven elaewhere. 

HarMeS8 1n term, ot 1:1108 rOQu1red to d1eplaoe 1 00 of 

fat at stated temperature. 

Temperature 

10° --------------------------------1.630 
11° --------------------------------1.420 
12° ----------------------,-----------1.270 
130 ---------------------·--·-------1.092 
1 ~ 0 ---,.------------·-----------------1.012 
1,0 ---.--------.-------------------0.890 
16° ----~---------------------------O.150 
17° .--------------------------------0.603 
1,0 -------... ---,-----.... --------------0.3;7 
19

0 ~---.--------------... -----... -_o .113 
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Tbe bar,dnG$8 of this aEUn.P1Q, .bloh was a ,typ10Q~ one, 

was elmo.t 15 tita«", 8S great at 10 de·srocs- 88 at 19 del1'ees, 

the 1nol'teaso in huronoss bet. qu1te I-(lgttlar, 8S 18 bettrer 
~.\ ' , 

~3 , . . 
shoWn bY a ourve",,.n wn10h the temporaturo in con&igra<18 

.. 
c1e "'~8es 18 plotted us ordinate8. and the figurcs expross1n8 

tho relativo llardnft83 aa ahC1ssflo. 

A atntcment IIltule by WOOd It Far'lIons in the paper 

alreadY reterpadtQ. ~ld len<1 ona ·to infer 'ha~ it "&8 

neOeseary. or at least 11llblY doslrahle, 'baft the butter 

he ko.])t t8e •• voral Clays in the oold bo·rOl"e making tl16 

penetration 'oat. In ord.er to deterl41nc· wllethel' or not, 

. th18 prooedure waB nec·oleary. and '0 settle other 81m11ar 

que.tlona wh10h 0000 to our min·a r8.gardlng the treatment 

ot t.ho tnt berore makin" tl1-6 tosts. a 8erles or t1'18~B 
was run. the rosUltB or whloh ar'$ glVen In Tables 6-7. 





'table 6. 

'10 allOW tho arrcot or proVious ooollng on tlle ohserved 

Tlle en'ire aer168 of 88JlPloB W8S 

t axen trom a lar8e j~,r ot, thO~u.)l.V mUa·(1 , lTlOlt-ed tat. 

All ere stirre<l unt.11 tbo·y 'were no · rly eo11C11f1t,d. The 

8 '. Ploa d6e1ana tO(i QS 00010(1 wero kePt In a col(1 storage 

tept in ,be lbopatoP)" at vorN nearlY' the samo t Jtl1)eroture 

&t wbleb t b67 801id1r1ea. be" ·eon 19 and 20° O. All 'Iere 

,emoved t c t l:e constunt tomperature ba.th at tho ·samo time 

8,n4 k(Jpt at 1,° 9 top ut'lOut 5 lloura. 

1-------------------1'.' ' .. 2-... ·------------·------1.5 .. ; • 
3 ..... ---.-------· .. -..... ----15.0 • 
4-----..;.--.. ----------14,.5 • 
,~-------------.-----l'.O · 6--------------------16.0 • 
7--......... ------------,4·i· AVora,e 15. . Ii 

t1nooOlo·t1-

sample 10.. Peno~rntlon 

8 ........ --·----·------15 
9-----------~--15 
.10.,..-----------..15 
11----------~18 
12-------------17 
13-----------.-.17,5 





'ruble 7. 

the oon41 tions apPlving to the (lata prosenteCl in TallIe 7 

,8re n,09.rly thtl Barno ua t hOffO gtvon for tho data 1n Tnble 6 

Tho OOOled nmplot) Ol~6 kapt 1n a room at all t1mes b010' 

10° • tor 2 days. Tl~ othe raare kept very nearly at 

'1'le1r Neea1ng point dUl'ln~ tl\t1t t1me. All oro placed 

1n ~ho oonstant tcnnporature bath at t Ile SaI-le time and kept, 

at 1,0 " tor 2lJ. 11 urfJtt ' 

loole<1. Uncoolcd. 

8a ple Do. Ponotrat '1on 
1---~-'-------"""""-----2' Ii rnm 

8f.laPtoBo. Pc)ne tra tlon. 
7 ----------------83.5 Ulm 
8 ....... · .. · .......... , ..................... ~ ..... 24 2---.... --... -------·-----21.; • 

3-- - - - - - ·--... -----25 .. 4------------------,26.:; • 
,--------------------26 · 
';;;;;;-----------~ft.l : 

9------~---------20.5 
10---------------24 
11-... --..--------21.5 

• 





OIl!' conC1Wl1ons regard1ng these matters as d.e!'1!8~Leom 

these t1'1ala, and Obael'YaUona on llU'ge numbe1.~be 
aummar1ze4 as rollowa:-

It seems to make l1ttle or A8I no· d1tterenoe at 

what temperature Ii sample or bu~t6rrat has preT10usly 

been kept ·proV1ded 1t is held at the test1ng tempera­

ture long enough to beoome thorou·gblJ warmed or COOled. 

to 'hat temperature., as the oas·e ma)' be.· In OUI' ex-

par1eDoe ... to , hours was u8ual178utt1clent for this: 

when, aa 1n our 08S8, tbe sample. were kept i.n fl OOy .. 

ered, woll 1nIUlateC1, water bath. In prQot1oe~ how-

8Ter, w. allowed the sUPlos to etan<t oVer n1gh' at 8S 

neal' the des1red tempap.'ure •• posa1ble; uallall), 

• In th .• morning, the bath was warmod 

or ooolod as the oooas1on m1ght demand to the propor 

temperature; and kapt at that tomperature tor abO\lt 5 

or , hours before the 'ests were maele. 'When the sam­

Ples •• 1'0 coole<1at once to the test1ng temperature, 

Without being allow6C1 to Itarut tor an,- oonlid.erable 

lenlth ot '1m. at that t.emperature; d.UPlioate 'eats 

wepe 1no11nedto var, w1thin muoh wider l1mits, than 

wben ,~ samples were &110W84 to stand 8a 4e.cr1be~ 

abO" •• 'he average relult',wh11e not mal'kedlY 41t-





fer nl.:, were 1nollneC1 '0 900 . a f3ott6r condit1on or 
the rat tban whon tnt' testIer carr 10(\ out 86 rooom-

io011ng tllO :tat to temperaturo of 10 d~l'a88 

8. or 10"61' oau ad tlie tormation O·f t188uP68 due to the 

contrac'lon of f,be rO.t on COllins. Thene 1nterf6~Od. 

oon 1cterab~., 1 th the d.oteI~J. 1n \ ion Of tho bardnese 

hy Offal-tnB a path of lOSS ree1 tanoe for tbo pene­

trating nead.le. .b1a,1n tbe wI1,ur'a le11ef, 18 the 

cause tor tIl 11g ··tl¥ 10\1 r value obtained tcrthe 

hardn~s" of be tat w1~b the ·oooled.- 8 "plea in 

'fBble~ 7. 

Th1a . 'enc1onor becwno more Pronounooc1 a the de-

«.poe ~t OOo11ng 1nOr6QBe~. For tl1S" loa o · no a'tompt 

was made '0 aGoura (Ulta. rogard1ng tho etteO$ otooo11ng 

'0 eX'l-omel, lOW tfJll",ratureB OD the ,8tlh oquent lllr(Uless 

of tho tat. 1nco Un.llU , Qoturod hut t:.>r dO08 not exhl1~1 t 

'lis ten,dOIlor t 0 1 lb. ~r1tltfJ ho ', the saito ohurn1ng 

. eret U{on '0 turn1Al1 da~a on tbl& POin.t. one as Placed 

1n 11BS8 jU and pukeQ 1n u trooalng m1xtul~e of Ice 

ane! ·It. Tho tomporatnre or the both after one [lOUr 

was .. aOO '. and o.t he end. ot ~8 hour8 . BS .. 1;°0. The· 

other print "t\ ftlfJOPU' 1n'o fl oaled Slaa au BU~-
. un4ed b7 lOUin" watop a' 19_.5° tJ. At th end of .~ 

bOUlll bO'b we • Plaood 1n the oon' t t rat re bath 
., 1, are.,s • A~ tho. ond or 72 OOUl·S t 6 to ratur 
or tbe b an ba4 tflll.,on. 0 8., (1 , l'e 8 O. Tb tl ~eIJB 

" h" U» d. t1\ r Ult bC)1 , tv fl 2. , -hle, 8., 

-ee. ' 





Table 8. 

Butter trom same churning. Adjaoent prints 1n t ub.. 

Print Bo·. 1 

Xept surrounded by runn1ng 
water at 19,.5 degrees Q for 
11-8 hou_a. 

print Bo. 2. 

Kept surrounded bY a , 
trees1ng m1xture at 8 
temperature between-15 
and -20 degrees G tor 
IJ.8 hOurs-e 

Both then kept 1n saIne wa tor 
bath a t between 15, degrees and 
8.5 d881'808 G tor 72 bourse 

Print Bo. 1. Pr int No,.!. 

Reading Jlo. Penetrat10n in Jam. Reading Ho. 
wi th needle haV1ng 

Penetrat 10n In 
mIll . with needle 
of 50 Iq.mm. 
oross seot1onal 
area & '700 gr. 
1felS'ht. 

orose sect10nal apes 
ot 50 SQ.JIlI. and a 
weight of 700 gr. 

1- - - - - - - - -21., 
2- - - - - - - - -23.0 
3-- - .. - - - - - -22.5 :, 
__ - - .... - - --22 • .5 
S~ - - - - - - - -I;,Q 
Average 22.5 

"1 ... - - ... - {IIoo -18 
2 -. - • - - --18 
·3 ...... - ' - - -18 
~ ~ -- - 4 - - -18 
5 - .. - .. -1ft 
Avera e 18 

It would 8eem at t1rst 81gbt tha t t he butter h10h 

had. been oooled to suCh a low temperature had undergone 

an 1ncrease in bardnos8 1n the prooeS8. The temperature 

of the butter oomPQe1ng the two prints in quest10n was 

takon in several plaoes in tho prlnt by mean ' of a <1e11-

0&'. thermometer graduated. 1n tenths of a degree centl~ 

Pr1nt Ho.l was found to have a temperature or 
9.,0 • throughout. Ko. 2. 11tewise h d a temperature un1-





term 1n all parts at 8.7° i. or o.So I. lower than that or 

print 80.1. By reterr1ng to Table S an4 compar1ng it 

w1th the <lata 3ust g1ven the reader will see that the 

apparent 1norease 1n harc1ness is just about the ' amoWlt 

that could naturallY be expeoted on acoount or the ob­

senGel var1,~t 10n in tbe tempera ture. 





It 18 not our purpose ' ill th18~J1M~ to preeent 

ootrlple1se date OOn08'l'Dlng the har4nee8 of 6D7 onne1aeJ'­

able mmber of tho oer.&pl(td 01' btttt&)!- fat that . haY& 

boen eXflll1ned. !'his data will appear late'!' eloDS 

wIth the othor &n8l7t1~al 43ta ..reb'11r41ns tb&e8 SOll8 ' 

8811plea; 8· 4oeo-r1pt1on o'! the appnrat'tl8 US ad and the 

methot! adopted be'!nt; the 0·01& purpose o?! the pftHnt 

paper. It "as (ieoioG(\ thnt. tor the 'Pl~oAe ~or Wh1Gb 

it W88 1ntfm4ea. the datn wottld oonv~r ' dore 81gnif.'tGBnOe 

if preesnte4 8S m111omftte~s o~ p~netrnt1on With the 

881M nee41e ana woiehtA, thRn it would !t p-r&Bent~ 

88 the relati.,e h8rdn~o8 o! tbo !nt. Most t:J~ the date 

11Y811 in thi8 peper "&8 obta'!n8d be!ore the 8O'reW ft'!T.onge­

.eot -!or regn.ltlt1na tho h<t!ght o-!. tho p!ntt'om • .. {!'is,,. ·l} 

Wh10h Gonion tho 88l!ple. ho~ b8en proYidetl. B7 llBinn 

tbe Gl~p8 W. 0, nlone ~O~ this purpose, erro~a of 

88 .uGh 08 1 a.m. in ~&Ct'lnt1t1C' the he1~t o'! the sN'.lple 

\U14er tent "or; douht' .. nsn ~e<ltleat17 Mae. .~ 8udh 

er.!'078 air&ctl1 ei'r&oteo thft obnerret1 'r8sdinB. It W8ft 

Dot ~&eae4 ese&nt!nl, hO\'fe,,~z-, '!\\r the pU!1)OtlU' 0 ~ the 
/ 

present pap&r to repeat this work u81n" the 1~proyed 

a"1'oratua. 

!ht't'!'e 10 no 1M91.'ent r.tJlHJOn wb.1 th'!s method CRn 

Dot be usoa 8B well in t!.l~6811r1n8 th~ 'herdnft&8 o-f: butt.,!' 

88 1 1"1 ~o88Ur1.DI that of :rot. Wb i 18 ~or. the ord! nor,­

OOt.lllero1a'1 judc1nt of butter. the c;egree of 6OtJUl!'ftOl" 

ftquit'e-d IDa1 Dot clemand the ext%'o:le 600Ur&<17 obtail18ble 

-... 





w1th 'h11 appal"a,u8. tho aetbotl would aerve a uaatul purpose 

111 onabling tho hut't)~ jUdgO to don-tint 1118 jUC1gment t'l'om time 

'0 ~ imo .. and in ht) lplng him to deo1du doUbtrtll cuseB, It allOU1<1 

I 

alllo ho ot doo1u6U auvantugc in -prize hutt6r· contests und 

811o'Vo 1 t would not bt) noaa8sa~ :'0 r egulu te t,61IlPer·ature Be 

o,~r6t\111J aa in t.ho cuse or our eXP6It 1men'nl S&LWlea . It' a ll 

tbe samples ;0 be OOIaj)urod hs( b:,;en }~ept u t the same t empore­

ture tor 2~ r ours the da.ta obtai ned wCH;ld he ent1rely comparable. 

'lben onco tllo tG~pOrGtlu'u won sst1sfaotorl1yregule t otl , t ile author 

baa bOSH oblo to uo tIom 40-50 dotorIainat1one per 1-1our. Th1s 1. 

d Ctu.btlGB'S tiS rapidlY ,as ~h8 hutt~r j Udge could ClOc1<16 on the 

liOCl)' of buttor h y thE) tooling' 01' t as tlng Ino thOdo. 

dctcr m11J1ng t ho ~ al'(llltHHiJ or otlH.,I r t a t s . LUbr1cunte, waxes. eta. 

W1th SOlDO tow .11ght lOOc11ncat1oIlS it Should a lso he u 8 0 1\tl in 

ob~aln l ng t,118 DOt. t1n« poln 1, of ceuen t lJeasuz'lng t. J.C hallldncsl ,. 

or penetrab1l1ty of asphalt. 01" tOli any o ther similar lurposQ. 





4110 PPfll'at.WI }lel-eln dosoribed was cone',l'Uoted bY 

" . ~l ' linkor'tuB , . ohan101an at the un1VGIs1ty Of 

la. 0ur1. at total. ooat tor mate 1al and. labOr, in .. 

'clud1n a l'flfOOc1e11ns af~6Y the orig1nal rom of ap~ 

paJ's 'tUfJ had. boon ,.osted, Of tl.pproximatoly 23 . 00 • 

. DUo aOktlowled '6t unt 1 llaroby mado of Oel"t,a1n ax­

vcr10nce 8· 111Cd by t6 writer in attemp.t1ng to use an 

unPUb11a.bed pieoe oi .pparntus de .181164 ror tbe rune 

purpose bV Hr. n. n~ nbaw, t(}rmarly (] 1st in otull"ge 

or th1g LahOl'atorv. 

The, wrlter ' lS deoptl-t t, thank$ a~6 <illS to Pl'Otesaor 

u. n.. rjokles t WhOtlO SUggo.st1on tho work ·ft' under t aken, 

and OBO onoOUr UgOlisnt and advice h V8 been a constant 

tJOUNe o-r ald. . 

uanv tbank arf., &1.,90 due to Dr.)fa t tllew at 01, "110 sa 
valuablo · SUS st10flS reaa.C11na the o.nnor 0 PPO enfrat1on .• 

and to many othol' or 1471 friond$} and Co .... ol'kct 8 .' 10 h va 

contrlbU'e(\ n lptul au 6 tiona at Var1cu t .g08 01 this 

orK. ~~f~) ~~1J1~f~ 
oo-operatlve LEbOra'ory tor DalPYne .:UOIt 

l.Utall1s. 1 30url. 
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