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"Jome «tudiea on the eiifect ol diffsrent «torsps
tem erstures u-on the et conetents end scidity ol print
creamery outter"

by

srthur L. Lynch.

“vbmitted in pertiel fulfilment ol the require-
.

mente 1or the degree of eater ol “cience to the {rculty

ol the “outh Lekote "tete Collepe.

“outh Dekote “lele Colleges ey 1917,



‘he obrervetion of dutter undsr oiilisrent «torege
temoeratures 1 interesting becsuse ol il~ _recticel doer-
ing ugon the frctorr  heese ol the driry inaustry. Ad-
mittealy butter mu~t bs «tored. [t i= consumed =terdily.
It ie sroduced in verying ousntities. It i= 2 pericheble
sroduct sconomic condition= hove crectca the butler
store hotee whereby uneven =uyplies may be more evenly
dietributed.

Under ell urrcticel etorege conditione bulter ds-
teriorates.,  Chewricrl chirngee occur,more or le=e pronoun-
ced, injuring the quelily :no trereby eriecting the
merget velve, vne ou the chief conetituente which under-
goes noticesdle chemicel chrnpge 1= the 1et, whick is over
8o, 01 the weipght or orainery crecmery vublter, Becouse
of it~ complexity thie conetituent pre~ent~ ~ome aiiii-
culty to the snelvet, wmith accompenving aiver=ilv of re-
aulte vnasr ¢ lmo~t 1lasnaticel working conaili one,

ihie theeie 1e r report of worx aone on the ict
rowm butier under three cisferent =lorrpe temoeretures,
ihree lote of one pound srinte, iive in erch lot, wore
teken rrom the «rme churning 1or uvee in this experiment.

ihe butter wee mace from posteurized rnd rigenea creem,

)]

vnder ordinary c¢resmery conditione,  Liter being ecked
in & ninetv pound Kridrv pre~e tre printe Ior thie ex-
periment were trken et rendom,

ithe yiret lot,decigneted £ lot "A", wre atored in

,
a room hoving & temperature oi sbout 70% 4. Ui Lre five
printe Al AL rnd A5, were wrepped in plein perchrent end
A4 sna 15 were wrrioed in perchment ondé _leced in cowmer-
ciel butter certone, the five _rint= were .lrced in an

open crrdborrd box on e shelf, Cere wee teoken =0 that

no prints tovched eezch other,



Jdn the dev the~e lote were =tored ¢ =am.le of
butter irom thie churning wee recerved for enalysie, the
restlte of thie snelveie being regerded s« the initial
¢nolveie for erch ou the Iifteen printe,

ihe =econd lot, meprked Bl,Bz,83,84 rnd 8D, wes
wrepped exectly ee A, the firt three in lein perchment
ana the lest two in pesrchment end carton. The five B
print~ were «tored in @& cerdbosrd box in & room in the
refrigerator which wee bDrine cooled #nd hed o tempera-
ture of ebout 45 OF.

Lot C, conteining five printe, merked Cl,Ck,CZ,

C4 #nd CB, the firet three in perckment rnd the leet two
in perchrent ~nd crrton, wee «tored in ¢ cerdborrd box
in e refrigerstor room et 2 temperrture of 3¢ &.

Jn the drv «tored erch print wee veigked to the
prem and all whole printe were weighed every three weeks,
thereefter .or twelve weeke. Anelyvee= oi the compo=ition
(weter,iot,arlt, ond ceh), ecidity, md fet con=tents
(Heichert—meigﬂ, Qeponificetion end lodine ebeor;tion numbers,
melting joint #nd refrective index) were mede every three
weeks on the printe wrapped in perchment only. A helf
print wee uced from erch lot for en snelysis, the remein-
ing helf print being rewrepped end u~ed lor the next in-
tervel. The dete Irom blre .rint weighings precent nothing
of intere~t becrume oll the ,rinte were not cerricd thru.

In determining the totel com, o=ition of the butter
& heli rint wre uced in erch enelyeis mede. 1he =omple
wre cut into =everrl n»ieces end pleced in e wide-mouthed,
gless atoppered jrr, in which it wee melted on the =teem
beth to & milky coneciatency. ive jer wee then cooled
in running weter with conetent <heking. Ffrom this cooled
meea gn approximete 5 gram cherpe wes weighed out in dup-

licete 1nto 2 tereu porcelein eveporating dish, the



Gictee were (ten hested lor _our houre in & =term jecreleu

o,

.0 . : . . ‘ :
oven et 96 ¢, weigheo snd re-weiphed at two hour intervels

s
until conetent in weight,

:he residue irom tre welter extrection wee weched with
gecoline into & tared Gooct crucible heving &n eebestos filter
thru # girsch rfunnel, 1he weehing wre com leted with petroloum
gther., [*e crucible wr= then dried in oven to conetent weight.
Yo ¢reein wre now burned oif in & muifle ifurnece. ‘ihe recique
plus crucible minne the weight o. crucible repre~entcc the a<h,
the rg=idume plue cruvcible efter the frt wrebing, minu= the
crucible plus e=b repre~ented the crrein.  .I'e weter iree
butter plus the crucible minue the weight of crucible and its
contents aiter the fot exersction vields weight ol et in the

cherge .,

Teble ho.l. Compo=ition of =torspge butter.
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In the foregoing table there i= » noticesble decreese
in the _ercentage of wrier in the butter held et To% ¥, during
the =ucceeding poriods, this lot wee ouleide in the open
rip which poseibly sccounte for mo=t ol the los=. The lots
held in the refrigerstor rooms at 45°F . end 5:° F, chengea
but little in compo=ition. The weter per coent figure ol
14405 2t Lhe end of the {iret three wecke in the butter slored
et 327 7. probably rejre~ente o veriction thet mey occur in
the wrter content of ordinery crecmery print bubter . ihe re-
aultes of the ash enelveie ere not consietent even tho checking
duplicetes were obteinea., Here botl the. eccurecy ol the methoa
end ex erimentel error £re no doubt ot Ifevlt.

In the acidity analyses 2 ten grem cherpe wee weighed
into & white cascerole end welted on «tesm bath, &5 Cc¢ eech
of ether and olcohol were edded with «tirring. Tre free ecid
wee neutrelized with decifessel =odium hydroxide uring phenol-
phthelein &~ &n indicetor, A blenk wee run on rergents vecd.,

Poble do.e recrecente the ccidily {indings on the three

lote of butter st the three week intervels ol tho oxperiment.

Teble io.w. Acidity of =toresge butier.
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The development in ecidity wee very morked in the bubter

rleced ot the higheet fempereture, much lece merked in the lots

o i - Ps O . 1, - ¢ 0 A by "
stored 45 ¥, rnd 32" F. The lot held ot 32 . geined on the

. - . . ¢ .
avercee lece in ecid then in the cres of thet held et 45 .



Feem the fot englyses the semple, {rom which the compo-
«ition end ecidity cnalyses were mace, wee herted on 2 «teem
beth until tre butter «epereted into leyere with the fet in
ea ¢leer 2 condition s po=eible on the top. A hot weter
jecketed funnel with [ilter peper wee arrengec ond the fat
portion wre poured thru, cers being teken not to ellow water
to enter filter with {fot. The fet wee [leced in & cool ylece
over night,~ecurely «toppered., Then preper=a for any fet
anslyeis the ist sample wee liquifiec by gentle werming to
Ho-55°C,

According to Richmond when butter is keut ond becomes
rencid very pronounced chengee teke plece in the compo=ition
of the fet, 'These mey bs cloesed under two heeds - hydrolyeis
en6 oxidetion, I butier rat be kept in the dark ené out of
contect with the eir, it keep=s indefinitely without chenge;
but in thre precence of light end eir it becomes oxidized.

Ihe generel colBe ol chenge may be roughly indiceteu
thus,

1. The fet is pertly hydrolyesd into fetty ecids #nd
glyvcerol,

<. 7The glvcerol iec oxidized to Tettr scide of low
moleculer weight,

3. 1The unsetursted scide ers oxidized forming hydroxv-

Tre genral effect ol these chrnges ore

1. 7The volatile &#nd =oluble fcids are increc=ed, the
eoluble in grerter proportion thren the volatile.

z., 71he ineoluvble ecide ere Gecreresed,

3. 1[re iodine eabeorption ie lowered,

A

4, The deneity end refrrctive index fre incres«ed,

O. ‘ihe poteeh ebrorption is irncrereed.



I{ tre butter hee been kept in ite netursl =tete,
the vutter frt obteined on melting mev heve propertises ailfer-
ing moterially {rom thoe indiceted ebove, owing to the =olub-
ility of =ome oi the products in tre weter «till left in the
butter, 'I're «oluble and voletile scide in the [iltered fet
mev be lowersd fromt hie couee, £nd the in-oluble ecide in-
cresaed,

Tre chenge i=e not very repid, = d in the course of
esverel weeke the chrngee cre oiten not very pronounced,

Bell hoe recordec the following figure= for the
changes in the ineoluble fetty acids, the butter in this

cree wre kept for tre timee indicrted,

lio., of weeks kent. 12 7 i 6 & 6
pefore kecping, ,or cent, §7.30 C7.00 8.0 7 .4o L7.72 £7.65
!{ter keening,ver cant, 83,97 So.o0 85,7 &7.57 && 40 8¢ .00

Veith hre made snelyces <howing the chenge in the
in=oluble faettywcice produced when butter fet i« kept. In

erch ceee eabout o yerr hrd elepemed between (ke two enelyeces.

e : . , ver cent cer cent
JUriginel ineoluble fetty scide 67 43,8535, 87,601,772,

Incoluble fattiy rcide aiter keeping 8507,6D .57, ¢4.41,82 .65,
It i= esen {rom the figure~ quoted in the=c re-ults
that tre rsnolveie of buiter wrich hee been kept for eny length
of time i~ ¢ meller ol concidersble difficulty. Though in
butter fat ths voletile ecide do not «how eny diminution,
but rether en increrse ( Gue pos~iblv to the oxidrtion ol the
glycerol | in butter ths reverse ie vsually tle cree, 1t is
by no merne improbeble thel, besidea the ~olubility oi thece
in the weter conteined in the butter, £ portion je dectroyed
by the ection ol micro-orgeniems, The moet relieble dotum
would scem to be the determinetion o. the voletile ecide on
the butter it-elf without eegperetion of the frt, rnd calcu-

lation oi the Reichert lipure on the ectual frt preecnt.

The potesh sb=orbtion doe= not eppesr to undergo much chrnge.



Cornelinson end nebild, of the Leiry Livision, heve
astored pure buller fot at 0°¥. or periods from one to
{four wmontbhe during which monthly enelyee« were mede of the
frt constente, Ihece inveatigertore found very little
chemicel chenge, It wee 50 @pperent thet no pronounced
chenge could be ex;octed until e longer lime head elepsed
then is uenally precticed in <toring butter thet this ex-
periment wee diccontinued,

Theee ermole= of reerly pure butter fat showed no
vhyeicel al teratione even oiter «ix monthe; there wee no
development of any cherscteristic flevor, vheleoever,

In tte precent experiment tre Reichert-ileisel number
wee corrisd ovt under the etenderd melhod de=cribed in

Leech, The reaulte are <hown in Teble 0.3,

Teble H0.3. Heichert-lkieiesl liwmbers of «torage butter.

R Lorege Jeriod,

Temperature | _ ,
Initial.] 3 wke, 6 wke, L 9 wke.,| 1l& wke,

0 F. | 26.05 26 .6 o7 |26 26 .67
45° 8. | 26.05 onor | 2r.ar | e6.5 o7 .37
32°p. | 28.05 oron | or.e 26 .05 26 .65

Very little veriation in the Reichert-lieis=1 figure
occured in either of the three «torege témperstures during
the twelve weeke,

The Iodine Abeorption numbsr wee rugﬂ eccording to

Henue! method. =XHeeulbts are precented in Teble ho.4,



Table do.,4, Iodine Abeorption ipmber of «torege bulter,

" torece reriod.,
lemoerature |__ _ 1 —
Initiel | 3 wke, | 6 WK, 9 wke, le wike ,
Toe I, 33 0 30 .3 347 34,05 54 ,6D
-0 P r Y oo

4 . 33 .0 30.75 | 35,0 RIS ok D
Ly {70 Y LaXn] L) r o o o
YA a8 31 .0 35.0 ob A ok Wl

he butter stored at 7o’ ¥'. «howed ¢ sterdy incresse
in gercent of iodine abeorbed, indicetive of 1little cheng
in the unertvrrted fatiy acide. The reeulte of this mumber
ere =0 uniform thet little importence cen be etteched to the
re~ult= obhteined for eo <hort & period,

Teble 10,5 «howe reeults obteined upon the =eponifice-

tion number., The method u=ed i= the atanderd one described

by Lerch pdl6-7.

Teble wo.b., “eponilicrtion Fumber oi «torspe butter,

Ctorege \ Jeriod,
lempsre ture

) Initial. 3 wWke, O wee, L 9 wke, | 12 wke,
7098, | 245.3 233.95 | 236.5 S4.0 | 232.4
45° B, | 249.3 235.9 | 259 .5 o4d .0 | 292,
32w, | osac.s 235.05 | 240.5 230.5 | 2347

Very inconsistent results wers obteined on thim phees
of the experiment, liost authoritiee Veve found thet the

seponisicetion numbor incresses wilth the cge ol «lorege butter,



11 4-

i‘he initiel ligure «seme excescively high., Whe fect that

the end

all threec bultbere rnelysed the ceme precticelly et
oi trree weeke ond atf twelve wecke would indicele Lhet not
much chenge hed trdon placé in the «emple=,

£llen end Loor heve anelyzed butter «tored for one,
two rn¢ three yesrs., ihere wee precticelly no change in
the eecond rnd trird inctences. ite firet verr rnolysie,
however, =howeu a lLower fipurs then the fresh outter,

The melting point determinetion wre made according

fo ilew's {oificiel}) method, rollowing ie Lhe dete ob-

teined.,

Teble ho.6, lielting roint of etorage bulter.

— .

Rtorsge “eriod

lempereliires

I Tnitial | TS wke, , 6 wke, l S ch,l 12 wke

g

- o N * S [ L/ “ ‘.
70° i, see |l 51 Cl sl 32T 32.6C

-0 u'“. [ e o S 9 , &4 ,;"
45" 7, 32.7°% | s0.35%¢) 34| 21t 30u7ne
N -y , 0 o = - ° ) 4
357 B, 32.7°C. | s2.2°%) 32.5C s14°®| s1.6°C

Zech =rmple ahowe s «light incresse at the cnd of the
cixth week. Tn the 70° ¥, butter the merk of 33,67 i« 1,2°
over the initial, A=ide fromt{lis one malyeia the melting
point in generel we= founa to decrerse «lipghtly in this ex-
periment .

the refrretive index determinctions wers mede on en
Abbe' refrectometer ot o tempercture of 40° C. A very merked
semenees 0l reeulte cherrcterized this experiment on the fat

Trom storepe butter, ¥



{

Table Lo.i., Reirective lndex ol =forege bulter.
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Conclusione.

L . . , 0
1. In compoeition bubttsr «tored out=ide at To . loat
much in wober, with & nececerry incref=e 1in percents

remoining conetituente,

y 1 £ om Al S , L
G r're developmente of ecidity in butter etored at 7o~ #.

in & room ie very merked. Cold tzmperctiures reterd ecidity

devslonment .

L

o

O In this experiment there wre not enovgh consistent

chrnpe in the nmeichert-lieisel, lodine ebeorption, or “ejoni-
Ticetidm numbers to werrent weighty or definite conclumions

ee to cortrin chemicel chenpes,
4. In generel the melting point wee lowered.

510 The refr?ctigg index remeinec¢ conetent to the limite

of experimentel error,

6. In 2 spece of onlv twelve weeke it eppeare that
definits chenge in the fet ol otorege butter tekee place
only =lowly enc¢ irom crusce emeneting, becruse of their in-
coneietencice, Irom the cremicel contrct which the different

butter ingredirnte give orch other,
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