
THE DISTltIBU'l'lON OF ADDED l?A'l"l'! AC:tDS BE'.t'VlfEErl TEE 

FAT PHASE .AND TEE AQ;UEOUS PHASE ll\T CREAM A1HJ ur A 

BUTTERFAT-!N ... W'A'l'ER EMULSION 



TJ:Ili: DISTRIBUTION OF .AJ)DBD FATTY ACIDS .BE'l'11\IEEN 
ARl\WUL 

FAT PHASE AND THE AQUEOUS PHASE IN CB.Wl AlIDLJ'.fi~ 

OCT 27 ]939 

1938 

Submitted: to the Department of Dairying 

ln partial fulfillment of the :requirement$ 

ooo;:, 0 0 
0 ., 0 ,:; 

C 

00 

' 0 0 0 0 

i 



Approved 1. 

·~ .~{- .. 

119438 

ii 

. . OKLAHOMA · .·· 
AllRiflUL'fTI'l n R , ·.,, , ,-

u h\J 'VhtH, l~ lild.1!A1'1CAL COLLEGE 
LIBRARY 

OCT. 2"7 1939 



Pitl"t I 

Diitribution of A4tled ~tty .le1da J:leis$Etn th& fli,t an« 

tbs Serum. in Creliilll --.----.................. ---.--........... ,... _____ .,._...... 1· 

.Pa,rt II 

l)i$tr1butio-n ot Added fatty- A,.d .. da Between th$ ~t an<t 

the W~.ter il). .e, t&u.tte~fe.t1"'bt-r.atel" Elmul$10n ...... --...... - .... <?" lS 

.fle.n ot ,roee;Idttn -·--·--------·-· .... - ... -· ..... "" ................ _____ ... lB 

Results ---···-1"'·.,.,.. ..... _ ....... _ ................ _____ .,..,. ____ -:_ .. ,..._,.. ... _ ... .,. · ·2.0 

Discu.,sion of lt.cesulta .......... ---........... __ ........ __ ................ --...... '$2 

fart Itl· 

C~ntive R~te .ot Volatilize:ti:on of Various Velttile · ·. 

tatty Acids trom Y&t and fr<ll'! Wa't.r -·---........... - ...... - ... ---.. · 24: 

Pise:uS:t!fioa of' :.llt11'$Uli;$. __ ... ..,.,....,...,_,.,.._..,. ____ ... .., .... - ............. _ ...... _ 31 

Gen•J'$.l Disous8ion Q:t Re:11111.$ .,..,. ... ________ .......... ...,.. ........ - ...... _ $% 

.Aclaipwl.e·dgJ'S.EJ~,- . ....,......,,.....,.~~---. .... :a,,.-. ............. :a .. ·..-.--~·...,.. .. .-................. ,. ...... _._. ·.34 

u.t.ara"t\ll"e' C-1 ted ........................ --------.... - ... - ..... - .... - ............. ______ .,_ :31 



!he. pre$'~ee oi' free fatty ·acidS in dairy products 1-a long been · 

~cogn:h~d .as the eo.use of certain. obj,e~ti.one.ble off flavors ~ppee.:rillg 

in them. Many ree.eareh. Wf>rke.:rs in dairy iiu.iustry have defined rancid 

flavor in da;ry prod.¢t$ as the s~,eltfi.c :fls.v•r which rea$mbl0:$ t.bat of 
' . .... 

free 'bl.ltyric t\.Cid Md .ofll"'te.in other lO'W' moleeula%"' '¥18:ight fa;tty aeids. 

This rle:vor dev&lopment if th~ght to be the ~es·ult of the hydrolysis 

i 

Qf butterfG.:t in whioh f8.tty acid$ and. glyeerol ~~ liberated. The lower 

fa.tty aeide o,t .milk rat.· espe•clallf but,:rie a:n:d c4'\.proie have, "'lfeey 

undesirable and rea.cU.ly deteetabl.e: odol"s, even in low onne~ntre.ti~s. 

Ep.dencs hr p111lntifu.1 to show that the hydl"Oly-$is of tat may be 

brought about by lip~•- f.ln ~nay.me 'Which has, often been d..eont$tra.ted to .. 

ha.v0 the p.ow~r r,,f s;pli tting butterfat into. its c~ponent parts an~ 

liberating £atty aotds. fbis hydrolysis. ~ 'be caused by exe&ss:lve 

lipaS'~ being aeereted itt~ the millt by the ¢C>W or by eertain :miero:organisms 

gr,owing in dairy produott containing butt•rblt •. 

fhe p~ea•nce ·of appreeia.bl-e amounts. of free tatty aei4a, .tn e.remn is 

ef e:e<1n®Iic .impnrtan~,e :m.ainly f'rom the .st~apoint of the . :tact th&t the 

flavoi-.s .oa\aSed by them a.r& V$f'Y o~jee-t1~n$.b~;t. the, crea.m 1:s difficult to 

churn.$ emd the f.at l0sse.i, in the butt~:rmllk .ue. possibly ge$ter.. Al:110., 

th.er.a ls· l!lOln.!'1 ~Yl&Jnce th~t the aocidity •f the fat is impo~t 1n 

hastening o:d,etion eht.nge.s in the :Cat. Certain lots· of raw milk· ·Or 

. ere.am., t,.1su•lly tr-~ lndividue.1,cow:4!!,, devel•p ·fili re.neid f1~vor very qu:ioklyia . 

.eV'flll e.t X"@latively Jew temperatUTeS<t Jn Ulany 'Ca:f.lQS the QEfift!Jl,o~nt Ot 

n.neid:ity 1:S $0 r•pid that thtl milk is UBUS*lble withS.n a few h.Q:urs after 



~ls. and LinE>1'$.V&f' (1) observed that the 4ift'ef'$ll0$ in tm beh«vi~r 

· of tlle. high@r t•ts ud the lower te.ts liith .:U.;p1:uJta at tif'tennt ·~ra:'"' 

tlll'd ill very mrirk•d• ~Y ooncludtnl the '*;oa~cifieity" .of 11paae vari•e 

with. the ·tenipenttu.re. ln view of thes;e obeen:ati~ .1 t nay bta ®s.ir~blG 

tc lo.iow how. tlm 1nd.i'vid\'.t$l f,atty aeii$:. behave in *"'ream;. WMtlaer the ~e1u 

dissolve in the serum or Whether t~y remain in the. bu.tte:l."i'at+ Use, 

aueh $ cGt~dy would be -~et,d t& t~ow tJq$ light upon the :poe:sibility 

of the rem~l ft£ same: ·tl>t th~ff aeitis by eaita.in •pel:'ations ·:tn the :i!Bltu• 

tao·tttr$ ct btrt.tsr., aueh as. the -nahing o.t bl1t'ter . .,. and the heat tl'fJ&im&nt 

Since little tJapnhsuive •tel"i•l has been published upon thi$ 

particular phll.S11i ot tl1$ prebl~~ of ra.neidity in ~ream~ ·the f.i\uthor und&.r• 

took a qtudy .of the· diatril:nJ:ti.Qn of free ratty. ~i.ds b$•en fat and 

.s•rum in cream-. in ~rd.er t.o o'btai.n a fuller W:lderliJtanding Qf what beeOill.$$. 

of the f•tty e.o\ds libenLted ,m.~n raneid :fl.aver ·develops s.nci how the tatty 

fhbt then~ pre:a'Ell'.rl;a e.xper~ntfil data relti.,tive to the beha:riof" ~r 

certain fatty aoidat when addef s:epaJ'ately t=o cream W3:d t~ prepared l:!utter ... 

fat ... in;..ater aulsianst' ~d. alao tM e0l1'lprati,;e ratEl <>£ v.olatilliati• 

of oome r.tty •-cids from butter:f$.t,.. se.rwn,. and -~ .. 

tn view of the lbid;tri time allettt•d fol' this study,, th® ef'fe.o,t. of 

tempera:tu.re ot hold'i'ng .the ~lea_ th~ eff'$Ct of the prwsioal condition .· 

of the butter.fat (whether liquid or solid) ti the effect Of COile$1:l'b"$.ti&n 

or hu.twrtat, fl1f th• ef'f"eet or t:tme ro,r •quU.ibrium to be reached: in the . 

cr$$m W$,S not. dete:nninec:l. The Giatermimtione we,re stande.rdiied f'~r a.11 

of th& above :f'\\.ctor\h, · Cream sampl.es, containing 30 per cent ftlt •re held 

to,r 18 hours at a temperature ~f' 4$0 c. after the fa.tty aoi.~s 'lrlere added; 



a.t this temp&$tur& the. butterfat 1ms !n. :;. 1i<raid eo:a<.U.t:ten, 

. ll;r comp,;,rix,.g. th$. diat:ribution <>·f v~.ious £$.tty -id$, in' ~r• with 

~· d1$'b:rib~ti!i>n et th:e•e sue f'•'tty •14t in: e. pi'Glpt.f&d bn~.r~t,,..i~ 

•tel' $1.ul~lon5 the •uthor 1ntfm.@d. t,o .1$htm the ef'f'ec.t. •cf •:~ $!0lld't 

of e:reQ;ill upon. tl-ie diS'tribu.t-ion f/Jt acdd.e4.~t:t,y &Q14$: b•twa~n.the· f$.t an-d. 

tl':1.e -~~ ot C'~Nltor 



The. w.ork herein r•ported 1vas ~ndert&Jcen to obtain intOi".ina.tit,n. l"~'"" 

gartltng th$ behaviol* of e.ertain fatty a-oids when .jdded sep:ra'h&ly to 

ere~ and to prepa:red butterfat-,,tn-•ter emulsiens;. :l:rietiy:., t
f'QlloWing po:ints wre eo.usidere«a 

XI. 'Th& 4iistril>ut1on c>f added ratty acids b&twe~n the f•t M<i water · . : . ,.. -. . 

in • prepared. l)utt$'t"fat-inl"'Water emulsion .. 

III. The eo,np1Ll'$.tive ratei of vola;tiliaation ~f' variou~ volattle ratty 

aeids from. fe.t and ft"am water by St8$11 di#tillatit.ri. 
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Distribution of Added Flitt:, Aeid.e in Qr~.. . As tar as the author is 
_:· ·.·'.. . .· ... - ~- .. : ·. . .. : ..,.._.-·-·· ·-

••re •. the:r.e ha$ 'bEten .;no. 11+.etr•ture published which deals d.inetly with. 

the cU.att-i:bution of added t.e:tt;v e.oids b&tween :tat e.nd $'$.rum .in ereturi;,. 

Ho;vev~r. Rilewtn and Oout"tn:e:r (6') and ~ey e.nd tre.ey. {10) c.beerved, 1.n• 

erea11ea. in ti:tJ."$.~ble acidi'ti:, du.ring ti. a$V$lo.pm~Jrt; of: .i-anoidlty 1n 

llilk.. ~· ntneidity :they WfJ~ ,.tuttying ~a t~:t b:reug)'lt Gi'bout by tu 

lip~• se.cnted into the milk: by the t,'&W• lnereate, a.e high ai Q.17 p&l' 

eent (ea.loulate.cl a.s laetie aci4). •ra noted. lt would a:•em fr·om thes• 

ob1Sen1J.ti•ons that at l~t pan of the fa.tty acid$ lib$rated by lipasG, 

action .• ns dilJ'S<}lnd i»; the s.;rum f;>,f the. milk.. Ho'W$irer;t trcm a. theo ... 

n.i,ti.ea,l atandpo·int,, 1t b ~s.;d.ble t:hat ,ow.e of the ine.r0ased acidity •a 

due to tM projf;icticm of the }N)l&.r grQup (-OOOB:) ot the .tatty aeid mole• 

eua lnto. the ,f!r.<fue.ous plut8e e.n.d aubt·equently titrated et the f'Elt ... wa.tE1r 

Bird. (a) ¥"•p<>ri;ed ffl.. di~$*)t but less de:fini te mla:tionship ·ootween 

the -.ei.d.1ty or the fat of butter anti that of the e~,,, and al&o, that 

as thQ eream a.cidi ty we.8' ;reduce.d the f'•t uidi ty n:e U.kewis1il .reduced. 

Re stated, hov.eT'6r, that the: 1:dt1al !'at uidity a~•d. lil,(tN) ~. :tu:netion 

oi' the age·. ()f' the er•am tl'la.n 1te $~1dity,. since if two er~ had the 

same atidi ty @.M one •• held longer. the;n the other:,. the one held the 

longer g«v~ the buttGr with the highearr fat aei.di'tl'"•- .He eQnel'lilded that 

sine~ · the fa t•apU ttitlg ~nis~~- have more Gpportuui ty · to w.&rk in tur:e-. 

h0ld the longer time ,lllld $inoe ~ of th~ fa.tty a<Jidt ~f but"t$rfat Q.l;'e 

more 1J¥olubl• 111 the tat· than in •t~r t'hey remain tn the· fa.t.,. 

~k4v.aky a.nd S~rp · (s) showed that 'l'ihs· dif':fie:ulty 1:a emu·ning ant 



R~te !:?.!_ Volati}ization 2t· Variou;S !~t·t;l Aeids J?.l Steam Di1S"till.at:ion. 

A eo:mprehensive study of' the rate of volf.\til:tz.ation <>f several fatt:y 

One o:r thie earl.y worker, to :imke s.ueh ~. study and 1>1h0$~ nlues are 

still of'~n referred to in ths liwra:tur@ v.aa D~r· (.4),., Biir ;t:n,.,-esti• 

•. . 
. . 

·~ter mixture· f~und that thel~'ll'I· tms a retent;t.on ot .imme ot the:se acids by 

b-,r GQrtner (5) in whi.eh it w~s obs:is:r·ved that the di$ti.11~t:ion. prooess in 

tl'le dlwt0nninat1011 of the 1tei<11.1®rt ... Meissl num"b®r @f bu·tterftd; .. aecotl!'.lts for 



· DI$!BDl11'li0N OF .@Jli)) FAfft .Ml?DS BENQI 

m FAT A)il') ,. $BRl.1!1 nr c:~ 

Fnll3!h c-re~ ot gc:>Qd que.ll ty we;:e 11.1t.mdt1,rdiaed to 10 p:er e:el':lt tat 

according tc the -bcoek te.:st.. !h$ er-.m 'WA$ pas:teurl.;ed a.t 145° F. :tf»r 

SO minutes._., eool.e,d.,. and t'el"maldel'wde 'Wal$, added. 4\t the rate &f .l PN"t 

fornm.ld.ehl7'd,e gs.a in 2 __ 000 pl!Ln~l of .ar&~ lt 1tai 1.n:tendcfid that the heat 

treatmQJ:tt .should inhibit lipa•~ a.eti·on Jin. the er$&.m 001d the r~ma.lde}W~ 

prevent growth ot mierool"gQl'li~ dtwing t.he co1u·se, o.f · the ~xpe:rhnen.t. 

~· awv~ ~&4Wi 'ifaa divi,e,d into 100 gm. portions· and .the fflilo'Wi.ng 

8QT1e.$ of s,~pl~JJ. ,mre .· prepare-di 

I.- Fi\1:rty t.o.1a e.4ded only. 

1. Cree.in~· nothing added («Mmtrol). .. 

J. creeau • <?• 5 ml. n•!ll4p;ro:lo ao.it. 

,. Creq + o.5 :ml. capeylio '.ae.14., 

s. C'ream ·+ Q.o ml .• eaprlc an;ifl. 

6-. Cl'"~ ,+ 0.5 gm. lauric acid. 

1. Cree.m + Q.,5 gm. rqristic aeitl.. 

e. ,CreMt •· o.5 gm. ~bdtic, a:c.1d:. 



s 

ox~l&.te (Kaca°'J•~) ••. •a.deli to e"ch sample •. 

:Runs were e.bo ud~ in which lesff:r a.m.QU!lts of f.atty ~<Jidt. wer* 

added than in th.$ abt1>ve series. \78.riations f:rom tlu\i above .additi~ns o.t 

fa:hty acids ni'& 0.2& bd O .. l .Ill. ·Gf ~· ef c. P .. ff;.tty cie14,., In all 

cu.•s. the aeidJ. whfoh ~· .liquid at crdimr1 tempe.ratures ware U>a$u:red 

and those which w.ere soltl.'ls l\1$!'€1 a·igheA .. 

All 1>!' 1:i~ e.bo,re, $&mpl.es. in Jari:efi! I and I.X Wlll1"'9 pla.eed; in 100 ml.I> . 

bottles and hftld .in a ~5<> C. i.ncubamr tor 18 hour:s.. The 4qpl8s •er• 

then ofintl."itu.ged at 1500 n~ 'P:. 1\.i,., tor l:0 minut$S i:n st{pa~at~ry :tunnel• 

in a at.n a lnternatioaa,l Centrifuge to obtain enougll serwn to. te•t tor 

acidity and tat. !M serum. •btained frmn the eremn ·$l:J. ae:rie• II ~ 

cen:tri.fug&d again i;e r~ tM calelum n.alate pr$cip1tatth, Determi.-, 

11$tiou ·Of tet.:1 ae:td1ty and volatile a.cidity w<H'& then matle upon the 

!he NJmaiader ,or th& eream was :th&n ~:a fx1;m th• 4eparatoey t•l• 

cooled., c.lnd chvned to obtain the f&t. !he butter .s:amp1$1ll thl.ts obtained 

•re :melted# centrifugeil., and tbe ,aupel'ffli.tant. fat layer •• pipette,.41. ·out .•. 

Detaa.,ninat1Ql'l4 ot total aeidlty and v.ola .. tile aeiclity •NJ ae.de upo.X\ a1:t

quet portion.$ f>f the fat thus obt&.1ned. 

Frl.>m. the di.ta cibtained in thia wa,y the percentage distribution ·r.,,t 

the ad.dee ta:t~ ·~ld.$ between the tat . pbaae, ~n<t tha J,e;ruin, ,•se ~-
. : . 

oaleule.U>d,. '?n.e oaleule.t.i.ons.involved are a.1,ribed tn the $ectim 

immecltately following this o:rittc<:t !ri,pltea:te 4e:term.tnations •re ·ade on 

. Qaoh of the ie.rie:s. 

~tal. Aeidity !l. A5ttte<>Us Pha$e,. !en gm"' of the ·~ueous laye,r 

weighed on .$.. ft;rsion bale.nee 'ffl);re titrated t<> the pl:1enolph:tb.alein ,end 



point with: 0;.l•}t.,. Jiqtie0\3;$• s~ditm n:ydroxtde-. 'lhe amount or ~t contiiined 

in tni1r serum we., detel"!Uined. by·t~ l)gbeeek tff·t-. · ihe total ·aeidit1 ot . 

this: phas,e ~. ealeulate, u tollowwi ' 

(ml•· :o.l.. 1. Ntl.OI us•i to neuitralize: ·~itli ty in 10 . . [~ >~ .. ~:1.o).(E!~ ixr·. fa~ 

Tot.al ~ciuty ,expfffnt-eA:ic, ·mi· •. o.t t •. *WI• 

1'oteJ; A~id~ty !,! fat Pm~~~ >t~ t;i\oidity or ·the tat .ii••, det~~~ 

by the •tiied.• Qi' »t•i$ale od B:tirtt ( 3). 'h this method# 10 !1!1• · or t• 
fa.t 1-.y~ 'Wet$ weig~d h\to dry 125 m.1,· lil.r+emeyel" f~'Sk$: one. ~rsiori 

be.hnee, !in 1U· o!t ~'bs.~lute aleoll.Ql,:t 25 ml •. of petrel•• &ther .• e.nd 10 

drop$ of J/per ·e.ent .;phenolphthalein .in al.e()h.Gl 'Ml!t& .ade,d t<t the :rlask. 

and·· the' s,w.utii)n vta~ ti~llted to the phenolphthalein end point with o;l w. 
ale:oholie pe~tsimn hyii~oxide. · The tieteil ~idity ot the tat phase was 

oe.leula.ted as fellows:; 

.ml. O.l N, KO:lt ,uai.'J~. • P•· of £$;t bl .Jaw:pl~ # !otal a.oir$1ty e.xprest{ed as: 
. m . . 

. . J ••· . I .·· . ' . 

The · alcoholic pote.lfH4t1mn. ~x:t.4e. we.s prepared f'ri>m aldehyde fre• · 

&.lcoh.Ql aec()oriting to the me.thod .of' Stout and .febwatte: (11) • · 

Dis'trlbution ,2!: Added Feltty Aeld4 betw..en the Fat .and su:e.otae Ph.e.:$es,. 

the· pcn·e•tage. distribution of' the added fatty aeitl be,~en the tat phas$, 

an« tlle $'8i"Um p~s~ of or:eam ~s cal.~ula'tied ~ee<>l'.'41:ng to the f'oll~ng 
. , ~ ' 

to:rmulas., . ' 

{A.~)7:t(Ir..;J:) . ·~·. 100,· m . Per eent .ot a«dAild t"e;.tty e.eid foun« i:n the hot phaae .. 

{A~a)A~oi .. r) .Zt. 100 1111:ler (!}tJl'lt o.t add$d f$tty acid .found in th'$ aqu~QU$ phastto .. 



F e total aoii.ity 0£ the te.t phaqe of $$i;m.ple. 
. -

f • iotal $.eid.1 ty of th0 ta.t pbse ot e-G:atre.l ... 

t ::. !O"~l ao-i<i1ty of the aqueous ·pblase of' s~e. 

rt : Total a-eidi ty .of th~ liq~o~s pbae$ or c·ontrol~ 

Volat1l-e ,A.cidit;t•. !en P• ~lea wecre weighed into 600 mlr re,uu 

bott,am .f."lasks.,. · ';fb.$. a1amples 'Wl$l"$ ~n ,team distilled at a u:nif'O'rm ~:t• 

.for 30 minU'tefiL.~O t•t JQ() ml,,. O:f tii.Stillate 'Mll"$ eollected in tha.t 'time. 

\l'h/3 distill~te W&$ t:itl"iited with 0~02 w., $tqueous todium hy<ir(J:dde, to the 

p-bA:tM1phtbale1n end p$in:t-, 

:Reag~ats tJae.d.. ·~. tatty ~e1:ds uatH.t 'W9re e . ., :,.. t~tty a,eidi., sold by 

.Ehle~ & aena. .•. Bew York. 

hydro:dde ~ll•ts and c ... l+ ~~r•s, Analy-.ed a~ium hy*"oxide ~ticlts: .. 

The pQte.etittta (ml;law \.ls•d •• •rek•s neu:tral pcrbas$illm ~lat& 



P.ES.utl'S 

~ttJ. pertinent to the dhtri'bution 0£ added;' f~tty e.oids bet1f;teen 

butterfat a-.ad: ;serum in ~ream sontaini:ug 30 per oe:n:t but-terf'at h~va be~lt 

stlll!lme,r:h~6.d in ta'bles I., II, Xll, and .:tV .. 

In te.bl;g l is .shown the peroe;11.tage diit:ributio:n. oJ) ·ch~ ~clded aoldJty 

in cream sampli&a to whicl1 n.o neu·tr-al p:ota:asium oxalat6 vias added~ J:.n 

· tMS(l sampl@s ino:refil.aes in t;1t:ra~l>l~ aeidity or the seti·u1n,vere eb-$erve-cl. 

even 1irl th tl'.1$ highe;r .:rnQJ..if)oula.r ~igllt fa.tty ~cids. 

IJ:::;;b!e,s l:l, II!. an~ IV present data rel~ting to the eff'e.o.t of 

neut:r111,l potiaas:i:urn fl)ltl\le.te up<:.>n the ~iflltri'hut:i:.t'>n of the increa:$ed aeidity 

brought ~bout, by the ~'1dition oi' va;doua :re.tty acids in viaryi:ng eonell)n• 

tre:tions.,: Mo i.ncrea8Ei$ the tttrlil.'ta.ble ffo.eidity of the serum wer~ 

Qbeerved in ti1e:ae ,s~:mpl~s when le.trrio. my:ris:tie,. palmitic, S'tea.rie, and 

ole:i.c acids were e;dtled~ Tho data $.lso show th~t as the concentration f.l)f 

·the ~d.ded. f~tty l<ltldis i.ne:t."$~$ed a larger percentage of the. acid 'tffl.S coli• 

tainad in the f':at. phase .. 

Tlw results of the trhudy of volatilization Qf ve.riou..a added fa.tty 

t:.Qids. :from i's.t and :trom th!i;l $e.rum in samples of; en;i$ln in trititls 1 to S 

have been :recsrded in ttitble v., The data presented tend$ to show that 

th~re is a partial r>etention of the lov.r moleoulSir v.reight f~tty llloid$ by 

the bu.ff$1"S in the serll'!'ll$ since._. the per~tn:rtage volatil.i.za:tion or thes:$ 

acids deorea!lled :markedly afi the oonee:rrl:;rations of the acids in ·bhig sert-im 

d.ecrea1;.~d.. lt .ll'll.U$t be pointed out th~t irl. th th.iii fatty ao:tds only slightly 

sQlu.ble in ths ~eru.ni the experimental error w~$ p:rol:iably rather le.:rg®; 

s:tnoe only a very SI.!l.&11 ruaount of th1:1 acid was pre3ent in. th® sartlln and 

small errors in titr.a:tion of the a,oid pr-G)bably canted oonside1~able 

w.riatie'n in the, :re1,rult~, .. 
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lfABLI l 

Pe:rcente.ge Distr~bution ot Added F•tty Aoida JletwE!en Fat and 
·. itn·• in ~O Rer Cent cream (N(') Potassiwn oxe.1.ate Add•d) 

fotrie.ls 1,, 2., and a; o.5 ml. er gm •. <'f fatty acids were e.dded. • 
. To trie.ls 4., 5., and e. 0.25 ml., or gm. ot :!'atty Eteids were added. 
To trials 1 and a, .0.1 mi. or gm•. of :fatty acids we.re added • 

.. • ~. 
·, . ~! 

z--·7-.- ~· · : 5 • e . ; , . • : i! 

· a.ddect te ; 
;o~ p.~. ors . . . . . . . . Per Q1ent of ·1ncrea~ed acidity in . . . . . . . . _ 

oreu s fattSerua,. fatueru:1u tatuerwtu f'atueru.11u fa.t:serNm.1 fatuserunu tatss~J"'um: r.t ,,erum : 
BUtv:10 = . . , · · ··. · , ~ ;' -• · , . + , £.oi, f4:·"• e.o. M.o, .. , · • s.,, 94:~a; · ,.o, 9s.o 
caproic. s48.Jh 52.1:43.41 sa.~148.th 5l."i'•3l.<h 69.orsl.3~ es.1.,sz.4,, ,s1 ... e.20.21 1§.a, 23.St 78.4 
c:a r 11~ 118.E.h 11.4160.a: 19.1,si.o: 1e.O,•ts.h 24~1:14.ih 2s.2,1i.1t i7.3i59.-tc 4b~s. n.¥: as.a 
C&J?ri~ 188.St · l., 184._31 l .'7'9.3. 7: s.at89.6; 10~4:83.0s 1 .OsB5.2j :4 .. 8;72~0, 28-,0: -ae:a: li.'1 . 
taudo 130.51 19.51 a a84a4t 1ts.Eh62.0, 38.<hTl.l; 28.lh76.th 23.21·11.i, 22.9: 85.7; 14.3 
"·-·ri,site . tS0.5; i:9.5, t 162:.51 $7.5i!6.4; 73.8143.6$ 56.4147.511 62 .• §i4:.f>•Ot 60.(!1, SO.Os 50.0 
F_!.lmt~io~ c43e8J ~5l•.?·~.:_O•~L6~~§T~~Tt"Sef;l; 1 ___ 1_ __ 1 , t • : J , 

0leio a$S.?:1 <ll0.8t66,4; ~3.616'1.0a 8$.0USt.8>1 45.2·J58,,6a 4l.4;6l.2; !S.ih57.9: 4t.!1X'.OO.:Oi O.tf 
StitlriC ~40.9c 59.f,is.th 64.11~9.St ao.2., l t ' & I • t ' • 

. ..., 
~ 
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f.AJJla ·it 

~rcentag~ J)$.$tTi:but:t9n of A~ded ·. f~tty A.Qitl.$ 1!etween F,~t ~d $ert'IM 
1li 10 ~r «.nt "'N~ 'tl n· h meutral &ta iU!l ~ l te l.11 . A. dd-.111 .. _, ~~ ... __ ..... v. _ · P · .. :i.o · .. ·.· .. ·.· .. · · .. · _ss · .. fi!'.,..a .flli .ca.e . , '11'\i,l, 

. o.e . gin. o~ neutx"lill potatsium q:alate (ig0z04 •IftO) •• added tt 
ea.eh sa.plt of creg. o.a llll. or gm. o'f fatty &.oid was used. 

i i,.l ___ J ... ve~age 
; _ t~t #11@~~ 

·-- 9. ,. 90._Jh . 

• I 
o.o; # • ' s.6r. : ; .t 

I . ; Wo.5 J 4 •. s, : I I 

.i. 

t, 



!J!.A.RIJ.t Ill 

Fe:rcentagl\ll P1trtJ;"ibution .of AddGd Fatty A~ida B$tween. Fat and Se:ruin 
ln JQ,-r Oeut er~ to Whioh Weutral1ot&.$i1um ~la~ Wa, Add.Gd. 

0,6 Pl• of neutJ"Al pote.siium o~e.le:te (KaC:204.J.aO) 'Re added W 
'each a.ample o:r e:reUJ.. o.as mlii or gm. or ti:'ttr a.oid waa: U.t•d· 

-., (Ire~ 
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I $) I 
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'.UBL! IV 

Pe:rosntage l)is-bl'"ibution of Added '.F$.tty teidti! Betlf1een F~t and S$l'tUn 
in 3.0 Per Cent Qream to lfhieh lfeui:ral Potassium Oxalate We.$ Added " . . 

".·$. gm.··.··.!>.neu.i.:ral pote.·s··sium.··. oxalate ... 5~.002?,·~ ... ··.0} we. .. ·s. ad.d~d .. ·· .. t<> 8~ch. 
srunplG of' cream. O.l ml. or l'.11Jl.o of' fat,:;y aQid WO.$ used. 

_ . j.':ri.e.l N'Ocf . . . ; ··.. ~a .· ; .. ··. l~ .. _ : . . 17 • . t . 18 . ;, Averag~ 
Fa.tty acid ti\dded. t() : Per cent of increased litCidity in 

• cream 
:Su,-yr1e 
Ce.pro~!! 
CapryUe 
Qapric 
I.!l.udo 
~ 

i tat :ser'tlln; fat ::serunu .fat _:serum: rat :serum; fat·: , c,.~, ;,4.ls 2 .. 4: 97.<h. · z.4:: 97 .• 6; 2.s: 97.,5.: ·· s.3: 
3 l2,.l: 87e~I. 8oJ: 9+.,9f ?',/0: .. f)3.(h 6,.3: 93,/1:·· -8..,4; 
: S6.0: 44.Q: 40;2;- 53.8: 46 .. la .. 53.9S~45~~-~ff 64~5: 48 .. ~:, 
; s>1 .. ·;:s, --~r.1s. s2-;z,-·T1.&1: 1-i.2i·2a.a: 7&.2: ZG.e: 79.,5: 
.ioo-;o, o.o, 
iioo.os o.o, 
:lOO.Ot o;o; 
;100 .• 0, o .. o.; 
,100.0:- 0~01 

: 
.. 
• 
J 

: 

• 

; : 
: t 
; ' ; . . 
; : 

• t la' I .. . . : : ; ., 
t t : ; 

I • : I • 
• : # : ·• 

serum 
_(f.,,1 

$Y;6 
5r;5 
.::o.s 

.a,.,, .. 
en 
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TABLE V 

P~reent6.ge Recovery 0£ Added. Fat-t;y Acids by $:team D1itUlatiol!l 
f'rQll'l Fat at\d from Sel"Um in 30 .Per O.•nt Cree.m 

f~ije determinations were made upon aliquot po:rtions of the 
· ~;a,niJi>;es descri.bed in table I. · · · · · · ·. 

· 1 . ·,; · ,2 ,. 3 l 4 .. .. 5 I 6 : rJ t a 

:l = : l : : .:a ~ : ' : : g 
Per cent, recovtin·x ot acid Ul. 

1ie1~'1iff £at: 

• : 

_ tat :serum: tatuerum: f~t;serunn ta.tuuirrumr fa.t:serunu fattsE1rum. 
-g - -- A · · •· 187.ia 66.h 77.~2.i 74.Eh. · 1 1$2.01 i45.0s 47.9 

so+4•ss.5:ll5-.5)9l.S.l 74.41t:n.s; ea.o,is.Q;_. -·~ ,as •. 9f 54.~ 
I 94.6:83.6LS7.6f78•0; ·. 92~~~1:_ __ ~&72.~_ 6hl 
I 
·• t t t .._. 

. 'I : l I 1 ,o.o:it.fl:_4.T,ti.s,o.oi 9.4,-, , : 
: , e.3, ·;..4.s, s.4, jS.$f :o.l: a:s .• 3t·s.s: o.:<>t ., 

73"a.20.5~ 32.1,21~1. s3.aj22~4, 2s.s-, · · = 1S5.5i aa.r 

a , 0 •. 01 i~.o, 14.~ .• 22.z, o.ch · 2s.s,;T .. ~J ____ ~._J;.L _ .---- ___ ; Q'.Oi 

·}..I 
Cl} 
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It i; inve.rettiag . ~ point: eut _that traEt · but.y-ri,c $nd :ea.prcie .aoida. 

the aeldg genttr~lly- e~neid.ered to" re•pond.ble for .ranei,d flavor in 

dairy products. Wff contained largely in the sertm1 .of t'.b.ct ,o,nam. c-. ... 

pryli:e an.d eapri.ec aoia.s. we"° ,oonta..inecl t..rgely i~ th~ :O-ut.terblt. whil• the, 

highe:r m.o:leoul•r w~ight tatty acids .were> Q:On~ined enti.~ly i..n t.. buttGr""" 

fe;t$ 

When no neutral potassium on.l&;te, 111u,us e;dded to tru,. ~t:).lnpl•t o.t erf):~m. 

inCr:eQ.,Ses in titrataele: G.eidi ty Of the S-$1"\lm Were ~b$'&l!'Ved when the fa.:tty 

aeida were .a:a«t., even wit:h thfl higher :moleeulax- weight tatty a.cits. ln 

amnples to 'Whloh. neu'bnl pota.asimn oxalate •t; add•d., the higher molecular . 

weight tatty ae1da e$.ueed n~ inerea.se in the titra.tabl*lll acidity ot tht 

serum. 7-.se resulta •re .interpJ"eted ·to- .$hft" that the aelq.:'ble caleitm. 

and -~ts"ium ·.~ prec:tpltated with the highi!l'' meleeul.ar •1ght fa-tty 

acids as in.soluble cmlciwa.soaps., whlo,h 'Nlllulted in an inc,reage in tit:rat• 

able acidity f>t th,e stu·um.. Tlie tlw,ory 1s thl,li.t the ealoium ions are re• 

plaeed by byit"Oge:n ions :from :bhs tatty e.e1d moleoulftl. Aceol"ding to 

Gortn~r (i} ealeium ,soape e.r• •ter- insoluble-. 



' ' ',, 

Plan of' l?roeedure 

portions {;).f d.i~tilled wa:ber eo:ntaifi:lng; 0~25 pet> C('!r;:ri;; lec:i'bhi:a into 150 

ml. 'beakert.h Xn:to e:e,ch 70 gm. portion · of' dis:'billed wt11.ter eontaintng 

a. Bmul.$1® os\>. Q .. 5 g;rcn. palnd tie aeid., 

S. Emubion + 0.5 gT"ite stea..tiQ aeid.e 

18 



added than in the ab-0ve $er.iers. Vl).;r,iation,s f'ro:m the !ll.bov~ additiens of 

fatty ao.ids were 0.,25 and O.l :mlo er gpn"' of o .. P. fatty e.eid,., In all 

caaes too acids which wrEl liquid at ordi.nlll,ry temperatures were meaiu:red 

and tho3e; \':rhich. were solids Viera W$1ghed. 

The above .samples W(;lte h$1d in a 45e e;. incubator for 18 hours, th$n 

cooled and churned.. The butter obi;ained i11. this 1nan.n0.r w~s melted a11d 

centrifuged., The su:pem~tant fat l~ye:r ,ms then pipetted. QUt ~nd IUl 

~liquet was titrated to dete:r:m.ine the total acidity .of the ~t phase. 

The aqueous l~~rs decanted frw, the butter l;Uil.mples 11'.ier$ ee:n:t:rlfuged 

at 1500 R<! P~ M. f'ot 10 :minutea in $epai·atory funnels in a No., 2 lnt$l'

UQtional Centrifuge to remove more of the f~:t di$persed in this layer,. A 

lower pol"tion .of this ~quec,us solution W8.s t:hen drawn off and an aliquot 

was used t~r a fa.t test filnd .a to~l acidity test. 

From the de.ta thuJt obtedn~d th.a d.iatributlon o:f the added fatty 

~cids l>etweeu the fat pl'l.Q$S mad th~ aqu~ous phase wa!ll ¢ale ulr...ted. The 

ealeulations involv~d are .d,ese:ri.bed in part I., Triplioate dete.r.min~tiona 

were :made on each of tb.EJ ,~ries .. 

Methoda ... 

.Laboratory methods a.nd c,.Qloula:tion-llt have been deE!cl"ibed in part I .. 

In this. ~xpe:r:i.:ment •an effort we.a, made ·to make the deii;Qr:minations pSl.raJ..lel 

to the experiment with :o.atttral ere~ in part I.; so that direot comp.arifllon 

of' results obtained in ~rts I lll.nd II eou:ld · he .made .. 

1.uJed. t.o $'t;abilbe tha butter.f'at•ir1-'ftater emul.eion vms lecithin from egt;s 

$old by Gsnt:ral Scientific Oomp!:iny., 



De:t:a pertinent to the distribu'Gion of' ta.dded t,:t·ty aoids be't:v.re1;1n the 

fat phasel. t'lnd the f;?.queouSJ plm1e in a butte.rf'at ... in•\te.ter amuliion contf.l.in.,,.. 

ing ;;o per cent tat ha.-m 'been sumrfJ&:rized in tlible VI. 

!t \'ll'~S obaerved that butyrie ,eid vras. oont.ained la;i:-gGly in the 

~queou.s pm131';1\ indicating that butyrie acid ha$ a g:reat(';l" ~.ffini ty for tha 

wt:i.ter than fo.l· the tat... Cap:toi.c., eaprylic, an'c'l. o~prie aeicbi were Qontai:ue,d 

largely in the :tat phaJSe,. while lflurie., l'fWris·tie, pal.~tic,. ate:ario., and 

ol~ie acids 1ve.re eo:rrtained e:ntb.,ely in the fat phase. 

!able VI has sl101.m 01:;hat ap;proximate:ly 80 per cent of the added 

buty:ric a;eid tvlil,s. eo:nt~ined in the aqu~ous ph~-ie of the butterf.at ... in-ater 

amulsion raga~le.ss of the amotmt of btityr,ie ia.eld added. Howevel', oap:roio."' 

eapryl:le, and cap:r1¢ a.cids showed an inc1~eHil:S~ in ·the propo.rtio:r:nil rur.iow:1t 

of those aei~ corrtained in the aqueous phase when the tot~l *-ddition of 

these aelds was lessened;;, 



21 

Penentage Diatl'ibution of .A.dded Fatty .Acida Between Pat and 
ll'&ter ia a Fat-In-wa.ter Emlaion Containing $0 Per Cent rat 

To trial.a 1., 2. 3, and 4:, 0.5 ml. or gm. or tatty aeids •re ad4edi to trials 5,, 6, and?, 
0.25 ml. of' tatty acids were adcled; to triala 8, 9, and 10, O.l ml. of tatty aoiu was added. 

Trial lo. l 1 I I a I I ' I B • 8 I T • 8 1 9 10 
ti.tty aoLt ida.&1 

to 100 gm. 1 Per eat or inoreaaed acid.i 
1water1 1watar1 awater, 

I R.e, 19.-1, D.o, s1.o, 
l 

I 

I 

l I ' • : t ' I 

I • I I ' I I • : I I ' • I • 
t l ' • : I : • : ' • • • I I 

I I l I I s • • I I • I I I I 
I • ' l I : I I • I I • t I 1 



!his ,expe.rbn$:c.t -.e perf1Jrmed ,rt th the intention of finding an· 

e~.le.nat.1'on for :1.ome o.f the re,a.lt• obtained in pt\t"t li · By this QeJRp&,ri..; 

a<in using a artitioi•l ce,w$Wll. eontaini:ng no lm:.tt'er su'bs~f!f., the e.fteet 

(If the buf':ter• of erea:m upeil the dit,tribution of added fatty a.Ci.di be• 

. ~en tl10 tat pMe:e and the aqueouis pba.ae cam 'be mOX"e ~uasily brought out. 

By o<miparilflg th$, €1.iatr:fbutio.n of •z.-ieua added ratty &$ids in orea.m 

(table• Ill, IV an.4 V) With the dit:tl!ibu.tion of thes~ same aad,~l tatty 

e.eid11 in .a prepared butte.rtat•in:.._tfllr +nulaion (table VI) •. the e:ffec.t 

of aerum $i;>l1dt ef e::re~ upon the diat:r1but1on of ~dded fatty a;cids be0 · 

· twee~ the f',a.,t 1.t1:d st~ Qf eream -.y be obseiwe4. !h.$$e d~ta showed th&,t 

a ueater pereentage of the added .tatty acida w~re oontamed in the tat 

phas~ ot th~ butter:ta~in..iw.e.ter •mls'ion th.a~· 1». the fat pl•se of tt. 

CNP J&nt>le$ ua-ed.. This differencq . w.aa le~s notteeable a.a tM molecular 

weight of the·,t'atty aeid ~.rease.4+ 

Thes(t reeults ~v-e been int.rpreted. te> S:how tl'lat the lluf'terllt in 

Qream cO!libiu with a pal"t of the fldded fatty ae;id •nd. thereby diecreas• 

the 00:noentration o:r· t'he tree re.tty a~1d in the siu,1m. ·this: in turn 

ine:rea,ses tb2 ti tratable -.eidi t;r of the :.SEJ:l"Wr1:.-but will not allew thi$, 

pe.rtion ,Qf the f~tty aoid to diffu'Se into th$ h.t &a: in the, .ottse r>f' a 

ffi,t-1,i-.water aul-sl0n vri..th.oot bu.ff$\?'$ • 

. l!i1\:leh l$llUillet- ~iat!ou. •re El:twountered in the distribut.ion of" 

th(a added fatty ttcids lie'l;W'een the ft'() phaS$3 of ~ butterfa.t .. in-.water 
. . . , . . . ·. ,.....__ .. 

eml.$1on. with '!Alria:t.tons, in conc~ntra.tionl/1 · of the· ,added aelds ti.a 

li't'e:re exper-ienc,.d in · the iQtplGs of 01~e• to which ~ryin.g eonoentrati~a 

of fatty ~eids ~re added.. 'thia o'bseM"ation may .$tl$o be expls.intd,. ;tn 



to ·.e:. grea:ter exten.t than Vn.\$ the ti tratable ~ddity of the serumo This 

view is $trengthen.ed by the obJS.$rvations upon th~ c<>rl'$$ponding ;$1:iltlpl.GJ 

the peree;ntag(;) dist:ribution. V6\lttes With changes in concentrat.ion of the 

acid 1:o. .quest:to:n -.s obs~rved,. AotuaJ. ly, the pe:rce:nttge dbtribu.tio11 of 

bu.tyrie acid b&tween the tat pli.ase and the aqueou.s pha.se in the butterf'a.t-
,..... . 



1:'AR.! III 

OOMPAP .. AiTI\ilS P.A:fE OF VOLA'litI.2.'.JtT!O]:J QF VARIOUS VOLA.':i,'ILE 

!AT'l'Y ACIDS l'"ROM BU'.irTERFAT Alil':O FROM lfATER 

For~y gm, pertion:s o:f' butterfat weit$ weighed and the :f'ollcwing 

series o:f' srunplea were prepared: 

1. Butterff;!;t ·"" nothL"lg added (cotrtrGl J• 

2. Butterft;i;t ·-+· o.s ml, n•lm:tyrie Qold. 

s. Bu·ct!!§;rfat .fi 0 .. 5 ml. ll.•et:i.proio acid. 

4. Butterfa.'t ·• 0.5 .ml .. oe.prylie acid. 

5.. Jutterfa.t 4 o.s ml. cs.px-.ic acid. 

6. .Butterfat . .,. 0.5 gm. lauric QCid. 

7. Bu.t/ce1~.tat + 0 .. 5 gm .. myri$:tic a.eid. 

s. :Butterfl!;;t 4· o •. 5 l1ll.. olei~ aoi,h 

Other series .of s~les to whieh 0.25 e.nd 0.1 ml~ <>r g;m, of fatty 

acids i.vere added w~;re a.ls.Ii) pr&pa.red •. 

The .ahO'V"$ :s:e.mples of: butterfat we:re held for 18 ht:1urs in a 45° e. 

incubator to l\lllot'f $Uff.i~ie:nt time fer the a.e.ids to dissolve in the 

butterfat. ThG total a.eidit.y of the butterfat ns then detG:r:minea and 

lO ©Ji.• aliquot$ 'Were $-be~ di.stilled,. Tb.a distillat~s we:re collected 

in 10 mla .t'raetiona .ij,;na ti t~ted with o .• 02 :r.. .so.ditlm hydi>ox:1de to the 

phen()l,phthalein end. pol:nt. tJhen 2Q f'racti.ons v.rere eolleeted the 

di.$tillation p1"ooes.~ t~t/1 ditct»;1tinued. 

24 

The ste~ di$tillation e.pp~:ratui co:nsiated esse:o.tlally~f': l 2•liter 

roud boirtom t!ask; 2 500-ml. roun.d oott• tlt\;$ks; 2 nitrogen f.1onnection 

'bulbs; 2 s:pi:Nitl~ glaa.s ~· ~iater•oooled eondensers.; iand 7 •• g;lasi tub:tn-g 



. . . , 

. ~ . 

and rubber stoppeNi for eoianections. The steam we.a g~nrt:1<11:ted. in; the a-
liter tlask hoa.ted with a. btmSen brirner. The 2 ... 11 ter ~k •s ec>nnectea 

with glass tubing to th$ ·-2.· soo-m1;. tle.sks eontuning · the fUi1mpl&4h fh.e . 

. nitrogen ~onneetion ·oulbs e.el."TGd. as a conneetien. .betwe~ tbe 500..ml. 

£la.ab and the eondenu$:l°'.lll• '!'ht) distil.lates were eolleoted in te3t. tabes 

ealibr~ted 8;:b ,10 ml~ this app~a:tua <li.$'till(ia. two' $&.mpl:$1$ 'id.mul~eou$ly. 

: A. aerie$ 1>£ $a.mp!ee c,~nt4tini,ng 40 gm. port:iens of d1tft1lled $te:r 

i:O.fJt$acl ~f' buttll).;rfQ.t -~· ,also pr._t:e<l as .· f't'l;ll6-: 

1.- Wat.er ·.,. nothing adtlGi { eQ'ntrol ) •.• · 

2:... Watecr·+· o.i mli. n•bu.tpic aei;d . .,.·· · 

$, · liata .,. o.25 · ml. n,,ibutvrie .·acid~ . ~, .. - ~ ,--

,~ Wat.et'- +· .o.t llil-. -~butyrie •t.ei:d. ' 

s·. W•ter- + .enough n-~sprole ·acid.· t·(/) pr·~duce e. s:atu:ra.ted: eolu:tion. 

s. water + .o.ts ml.- !l!!"efl;fl;'&ie acid~ 

7. •i.er .,r..- o.l: mli n~aproic ae1d. 

a~. Wa.ter :+ onwgh capl"'yl:i,e :e.eid. to• :p-:rodtU)t)I .$. aa:t~a.te:d ,$01:ution~: 

9. Wa:te:r -+ enough: .q~pt-lte e,eid ,to prod:uoe a $:ature.teds ielu:t1.on. · 

!he 8'ltp$r~nt with the iil.9ine:ou• 41Qimplea was o,.ondueted the s-am.-e .,, . 

with the: 'butterfl\t ~d fill de~nnblationi ·•ire mad~ paral.le·l i,{1 the tria.k 

with bu~li1rf'•t~ !Ml& aq\l$otas· samples· w~re •~ d\at1:11~i etmul:taneoual;v 

With th1- o-orNrpo~d.ing f'Q.t samples· in a at.~ille:tion .appa~atlil.s a;o · · 

c;ons~ted thlt ·~ ~le$ •te .. ste·am,aiiti.Ued a:t ~e -•~· ti• u.n,Mtr 
• • • 4 - . • 

. . -

1delltiea1 e~ndiiti:Ollt:h, ·. !h,e.· .~ inlets to.. the ~u~tilla.tion tia~ ••_.. 
. . . 

- . 

r~gu~ted:With·t¢r• ¢oeb·so tha.t··the Ui!litillate could.~ e~lleoted a:t 

the $am$ ri.t-e tram both . f'ltl.SU,,, 



-
indicates that eaproi¢ and eaprylie acid volatilized bJ' steain at a t:;om.e\vhat 

members of the fatty aeid series,. litliWever since. only a very ,mall amount 

of c~cprio acid •s. aol:uble in 1imter# it :ts poss.ibla tha:t the sxpe:rimento.l 

it$ moler;u:le.r W$ights th~ acid ,rt th. the l~st .m:oleeular weight steam 

dis.tilled ~:h the sl•est rat~ from wate1" .. 

mole;eula:r weight stewn distilled at the fa.$test. rate from buttel"'h.t. 

:By •$tudying the completeness .:>f volatiligat:l.©n of ~ious :&I.tty a(.}idi 

from. "ffi.1ter .it v~& obael"'!ftiHi th.at the peroentagi&s of' the .ac;tds recovered 
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FIG~ 2 

Rate of Volatilization of Caproie Acid from Fat and from We.ter 
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I~ Aeid distilled from distilled water. 

II$ Acid distilled from pure butterfate 

III.. Distillation figure by Dyer (4). 
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FIG,. 3 

. Rate of Volatilization of Caprylic Acid. rro.m Fat and from Water 
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• Acid distillEld from distilled water. 

II .. Acid distilled from pure butterfat. 

III. Distillation figure by Dyer (4) .. 
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FIG., 4 

Rate of Volatili.zation of' Higher Fatty Acids 
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I.. Caprio acid distilled· from. distilled water. 

II., Caprio acid distilled from pure butterfat .. 

III., Laurie acid distilled. from pure butterfat. 
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In thi:s e,c:peria:at an attempt was made to nmk~ all det«rmi:r.mti~ 

or the rate et vr>l'.l\tili~ation ot varioui volatile tatty ,acid.$ h-0m •ter, 

· para.llel t<> the·• trials with butter.rat. 

- . ·lt it. ~vldent from the results $hown in the :ewve,$ in t'igurs,i 1, t. 
. . . . . 

$, and 4_. tl'i.at theN •• ·a,. rettmtion. of iltOme· ct thtJ tatty acids· l,)y the 
. . . . 

butt.r:f'at._ ve,ry marked for :Capri~ -and high fO:r' eapry:Ue,. but deo,1"'ettsing 

throtigh qapr-eie ~ 'butyrl.c aoid, tM laGt cf' which p.nctieallf n• 

retention.~. deimouti'-ated., 

lt will be notitH~d tha:t; distU,latien re.'tes of va.riou1' lowel" mol:~ihtUl~ 

weight tatty a1i<le giveia by ~r (4) hf.ve ~n ,i;nclu<ied tn tigur(;s l,, 2, 
'. . . . . 

· mid 3. fhe valu.-e.s, ~ever., •e.y n•t be •trictly ttti>mpa.i'able with thoae ot 

the .•uthor:, •1iae,. the. •the4a l)!f &rtermine.t:ton ditf:"r eligbtl,y. ll"ff u-4 · 
. . - . 

eQli:t1iteni.h1y l•rier -amount..s ,of the aoii., steam distilled fr'• 150 mi. of 

•ter kept at'$ :eoutot vol~-l wh.1le the author •te• tl:i.stille.410 gin. 
. . . 

,$am.plea eontaini.ng an.allet' om:ount•. or the ae1d. an4 41d nG-t control the· . 

vol.llmu; .in i:hG 41•tilli,a~ .tla.i,k ducl.ng ti. distillation pno$t$. 



. Tfu!i 11im <>t th1-s 'tbeJls •s to :fl"t!fse~t wita which S;howed: "Wha:r.e tr.n 

f$tty acidiJ will d!111iribttt:e tbt3mtse1'fe$ in cream. and: e.1$e the :t-atG of 

vollit.tilisation of' ~ome: ratty .aeids, £rem ~ter,. butterfat., ani serum ot 

·ty e.omp&.ritig the di1trihuti.on• •t· V$iriOU$ fatty $Cid$' in'eNam. With 

the ·,alstributlott-of theS$ 't;~··tt1tty a'Ccid'$ ini·a ~par&d butterfs.~•~' 

•ter elllUl~ion.• jhe .a;utlt()i" ~ime4 to sfu:r;t the et,t.ect o'f sex,um soUde <>t 

ereami ttp• tM> diatriwti,Qn :ot a*1$4 tree fe.tty a.t,$.d$ b•t•u11n the fat 

and the 8$,~· cf cream. 
·· .:tt t•·~p,-:i-enii front tlm. Nlaul:tf ot thila·· it1v<tt·tig$.:tioa. that ·the. t're• 

fe"tcty,. aei~ · -~~rs.llt oon$"ider&4 tct -be r$$poneib.l• tor· ·"'ne~d .. tlav~r . :tu, 

da.ir1· products «r~ conttd.ned.·:le;rgely in· the· .,.enm1: of ·the· ore•"' A~de(l. 
. . 

butytic ~ud: · c~~roio ae1d$: · oauaed· a g:re~ter mc:r$a:ae in the tltre..~blfl · 

~idity :of th&' e:erum t~ · in tm t:1 tratablt11: aei,Ut.f bf the fflt. ·. O~prylic;1 

and ·ea.prio fi.eid:~ •t•· cotltained ·.liiwgely: in t:he butterfat:,: 11h1.ls. th$ hi~ 

moleculaw· weight l$.tty a~da were ~Qnta:tn~d. •ntb-$ly tn the but~:re.t. 

'mien ne uut.r1.l potats!.Utll ~ate wat a•'d to .t:he sample$ of cream. 

inore.aee$ b t$ t~te.bl,e aoid;1ty. .ct· the e_. \19re ()'b-~rved wh~n the- Al.tty 

Qe1ds·. we,:-e added.· e:v~n -wtth ~ ld.gher •l••ular weight· fatty· a.clda,. · 111 

$&11lplea to whieh neutral ,otaeaiua ~la~ •4 ad4ed.,. the higmr mo.l•:e·u:ar- .· 

weigh-t f$.t;ty M'ide ct.use.ii tte, ine~--~ 1n the ti tFaiba.blAl .etoi.di'ty 0ct :the 
. . 

$$Fla• '.f}u)se· J'\l)fl11l:bt wttn ~Niited to $hOW_the.t the .S()lttblfi.a~letum. 
. . 

. .· , . . . . 

and --~iwn as· tr:•ed~pita.tt)d, with the hitn$1" m.oltiH,n1-r weight ta.tty 

·-e1d,s. as in.e'<.ll.\thle o.llle:i• •oaps. whi.ch.-ns,ulted :in e.n 1nc?'&•e is 

t1tt\fit,t&bl• acidity ,of tbe .se~. . ~ tn•ory ls that the :ea,lelu ie:ns a.re 



According to 
· . OKLAllOMA 

?: 
J.,ij ! 11 H 'c\. j[ 

By comparing the distribution bf tho low .. r molecular ·we .. ·. 1~1:rtJ.'atty.·•. 
. · . . . OCt ~;; 1939 

acids between the ftii;t and the eer\ml in ¢:re~m 11,rith the di~t:?'ibutio:n of the 

and consequently lowered the e .. on<'.H::ntratio:n of!' the aeid fUld allo~tl less 

of' the acid to dissolv~ ·in the butterfat. This reaction would h1e:t·e~~ 

the titratable ®.eidi ty .of the ser1ll'll and lower the fat aeidi ty,, 

Dj.ff'erenees in. th,e distribution of v~rious low molecular ~veigbt .fatty 

acids in ereeun w!th. chang;:)111 ;n cont3e:atr.a.tion of these acids may ttl$o be 

. . 

buffer; capacity of all se.mpl$s of' er~ vm$ the sa:me before the acids. 

. ' . 
acids would be neutr8;lized by the.se buffers,. Therefore" if the coneen.:. 

trfA.tiQn.s of thi adde(l ~oids ~re d~ore~ed the tit~atable ~cidi ty of t.he 

i"~t was deorea:sed to a gi~eater exte.i.nt than 11!$.fJ th~ ti tmtable aoidi ty of 

the ~ert:mh This view itl s.trengthened by the obae~tions upQn oorre . .,, 

$ponding ,~pl.es ot the hutterfat-in••ter tmulslon, in wh;i.c.h mueh :l,etts 

me.rk$d changes: in the per~ent9ag;t distribution values v~ th cha:nget in. 

eonc~nt:ration Qf the acid in que$t1on was '0bserv04".; ietu~lly, tlllll,. 
' ._ . ~ ~ ~~:e,· r;.~ .,Jo\ -~~b ~~/ . . . 

percen'bag$i'di$tribUtl.Oll Of butyric 'fitCid]i~tvfGOla "tfi~ fa~,Pc_ml,~f and the 
C .) e, \.. • ".) C, 6' J ~ -~,. ~ OJ O ~ 0 

$qUeOU$ pha:se in the buttterfat•ii;;..l'ila~~;r ~k~lh:i.c~XJ.' fJ'ai 0 ti~> ti~ }!.'"®'~S.rd1.@$S 
-' ._,JOO 00 

ot whetner o.s m1 •• o.is. 1nt., to:r~o~~ l1\1..L~~f\;~~tJ6~" a~;~i"~s; ,~~l:ied.. mtn 
''c /- .J C '- O <';) J 0

" o '- ~ 



eaproic~ <,aprylio, and e@.prio acid." a. deerease in "che per cent of acid 

dissolving in the fat. il\.<as obse:i."Ved. 1 but to a lesser extent tlw.n in the 

ere&tll~ However, it :must be pointed out that eaproio acid is only 

slightly soluble in 'Water, eaprylic and eap:rie 1$ very &:11ightly soluble 

in water. Co.ne~ntraticr.a$ ot 0.5 ml. and. 0.,25 ml. of these aoids in lOO 

gm. o.f the emul$ion exeeed.s tlie solubili t;r of these acids in th(!) water 

eont~ined in this; $'.muleion. 

1t is e,rident .from the results a.how.a. in the eurwiee. in figures l., 

2, 3, and 4, in :part III,, that there ,'111:.ii '!\ retenti<Hl of som.$ of 'cha tatty 

acids 'by the butte:r:f&.t, very -~ed. f'or capri:e and high for cap:ryl.ie,. but 

decreasing through ca.proie to. btrbyrie acid . ., the last or whi~h practically 

no ret~ntion "!JV-a$ de111.onstria.~d. this observation is in agre.ement with the 

:f'in:dings of" Ei.iseQX 'Wd Rarrison (1),. 

lt 1!1.tas aliso ob$$:tVed trom the.ie reirultEJ that the :t"at® Q:f' distilla.tian 

of' the added tatty o.eidS: frQi'll l:!uttertat we.s 1~ob,ted to the mol$oul~r weight 

of the tatty 11,.eid; the ~ctd1S with t.lw lowest mQleeular un~ight steam. dis .... 

tilled with g;reei.te,t l"apidit.y.. I:tonvert when butyrie., ee.p:roie W11.d. ea• 

prylie acids ft:f® sws.m distilled from -water., the fatty acid with th$ 

le-ir,,ee.t moleoular w~ight s.team diatilled at the slowest rat$. 



· corex.ustoms,. . 
. • ; •. ~-. !• . ,, • . .•. 

A44~ 'butyric · and ee.proie acidS were e:ontednoa. largely in tn. serma 

ot c.re:am.' C&prylie &.nd eap:rie acidii WEIJ'GI OOM~:inqd larg4'>ly, in t~ butt&>:"• 
'• •• •, < • • 1. • • .· . . .. •. 

te.t_. while the h.$.gher moleettla.r we$.ght tatty ae.id$. were eontf.ined enttre:i1 
' ' 

. ' '·,i.· . ' ' 

_Pl the fat pll$.s:e. 

A, th.$ o·onc,ntratioh of the e.dde4 fe.tty acid in c:reb 11$$ 1ne,:i:·e~sed 
; . ' 

a larger ,exee.ntag$ _of the a-e1d was con~ined in the tat phase, 

A higher J>.ere&l'lt&@:$ ~.f the added :titty acid -•~c e-otrtained .tn' th$ fat 
r: · t ·. ,; ·, ''. · . ·') ' · · · . · ·.- · · · 

of the prep~rthi buttt:rfe:t,,,,in~t-er emuls,1on than 1n. the :fat e>f cn•11h,-

fhis obilt1rv.at1on .le--d the :author 'be believe tha.t -~ bu;ftert in cream 

neu~•U.i.94 a p$.rt '>f the lC!W m.colecul~ weight fatty $@ids, .. -and eonse~ 

quen-tly tle-erea•ed th~ o•centre.tien of tl$ .tree aeid :and a;Ll~WE'Hi 1e~a, -qf 
.· ' '. • . • • . !' 

the a()id to dtse-cl;w in the butterfat. _ . . . . ~ ~ . . 

Cal'C·!tml Q·f ere4\m preeipitated a part of tlw h1gh mole:cula:r weight 

fatty &{}:id•· 1'hit :,ncipl.tation ~-Wl~d a alight a-is~, in $$'i'Wll acidity,. 

· ev•n though the tatty aoid we.i inaclubl.ca 1n the wra •• 
. . 

. ihen the . ,erl.lm, of Cl'$8.m was at~ dis-titl$G a partial :retention ;f' 
the t.atti, aoidi!' by_ the °Qliff•nl _ <>f the -$8~ •t er~ 'MA$- obfterved. · 

lt-. :e'Vi~ent t•b.at when -'btt.tter.ta-t •s subjeet(td to st.em distillation 
. . . ' 

-_ there •• .a .retention ot •;~ of the tat.ty .. id$ by th• bu.ttcrfat,,. ver:, 

~kced fer c&p;rie a:nd blg:h for oaprylic-,, l:1ut ,ieeN~!ng t.m-ough ca.pr()~ 

to, b~tyric •. tb.t li:uit --of' Whi~h. p~··ti~e.11y no- ,ret~ntien •s: tlh!J.1nOn$trated. 
f . . . ' . . 

·the· r,a~ -0f disti:llatlo);J, or the fatty :$.0.ids fl'Qm tat 4ecr&:$A•t\ with .. 

. . . . . 

cap1"oie and eapryli,o a,c,!4 was 4iatilLliad. from wa:ter •. too .ft.i.ity ac.14 with 

thie l~et molecuhr we:1,ght'·ft,,-~ di$tllled at tm,··sl.~st rat$. 
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1'be anth~;r wiehos to expresS, his $inc$r$ app:Nteiation to Jr:. B. i. 

· Fout,· for the :m.-.ny helpful .suggestions .in thia study and in the prep$-· 

ration of' this thesia. 

to nr. J. · 1: .. Webater t1- _autho:r ia ind~bted f.or valuable intor• 
. . 

ma.ti.on l"&_gardiug sane et' the chemical aspecta of this probl.an. 
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