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INTRODtJCTlON 

Through the deterioration of butterfat and the liberation of' free 

ratty aoida. certain objectionable flavors and odors are frequently pro-

duced 1:a milk and other dairy producta . It ia alntoat universally agreed 

among workers in the field of dairy manufacture• that rancidity and 

tallewine1a are caused by rat dewriorat1on. According to Rogers and 

auoci tea (12), rancidity is due to the hydrolyeis of' fat and the 

liberation of the tree fatty ac1da of lower molecular weights and tallowi

ness is due primarily to the oxidation or oleic acid. Fishiness is also 

closely aaaociated with the decooq,osit1on of fat. ork cited by Rogen 

(12) has eatabliahed the te.ct quite conoluaively that fiahineaa ia cau.aed 

by the ~drolysls of lec1 thin reaul ting in the production or trim.ethyl• 

amine which is reaponai ble tor the fishy tlavor. 

Butterfat contains a relatively high peroentage of' the ratty acida 

of lower molecular weights and aince water 1a always present in appreci

able amounts in most all forms. of dairy products . the auaoept1bil1ty to 

ey-drolya1s 1s veTy great. Data obtained by Holland et al (10) 1n the 

analysis of ae<ntral aamplea of butter ahO'lfed that oleic acid canpri••d 

from 25.273 to 40. 313 per cent (a.verage 31. 895 per cent) of the fatty 

acids of butterfat. A high percentage of law molecular weight fatty 

acids in the preaonce or n .ter and a hiih pe roentage of ole!e acid :make 

butterfat ore susceptible to deterioration than ost all other fats . 

Th action of en.syaea and free acids i n the presence or water and 

the action of certain m1croorganiam8 are responsible fo.r the liberation 

ot free ratty aoida . The 11pe.aea are the ensym.es that have the property 

ot hydrolyaillg butterfat. Pasteurization renders this group of enzymes 

partially. if not totally inactive. Since the majority of the fluid milk 
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is paateuri1ed and marketed before appreciable amounts of acid have had 

time to d velop. little di f"ficulty with rancidity ls encountered 1n thie 

product. 

The aituation in the butter industry is somewhat different. The 

bulk of the cream which is uaed tor butter production usually attaina an 

age of several days before it is marketed. During this time., it is kept 

i n the raw atate, and in moat casea , at temperatures favorable for rapid 

bacterial growth. Extreme condit10!l8 of this type are found i n the 

Soutmreat during the •rmer months . Titre.table acidities ranging from 

o. 75 to 1.25 per eent are common. Recent surveys in which tho author 

aaaisted show that cream in this 1nlnediate section or Oklahoma not only 

had hig h titratable acidities, but also, in many cases, high fat acidi-

tie • 

A n,lat1vely large amount or 11 tera.tnre ha.a been published on the 

neutralization of th titratabl e acidity of er for butter ma.king , but 

comparatively SlllAll amount o.f ter1al is a.va1l.able which deals spe

cifically with the neutralh&tion of the free fatty acids of cream. In 

view of this fllot. some work ha.a boen done at this institution to deter-

mine the effectiveness of various carunercial neutralizers upon the 

neutralization of' free fatty &o1da of ere having high tat acidities 

due to the action 0£ lip-0lytio mlc.roorganisms . Wide variations wel"9 

encountered between the effectiveneaa of theae neutralizers upon the 
with 

neutralisation of th fat acidity. In workini the relation of volatile 

acidity of butterfat to ra.ncidi ty, Fouts (7) found that the diff.erent 

organisms studie-d varied considerably 1n the percentages or total rat 

ao1da thAt were volatile and non-volatile. In view of these f'aota, the 

belief' wu .advanced that • om.e or the individual ratty acida were more 



raaiatant to neutralisation than others . and a l so~ that the resistance 

offered by these ao1da perhaps varied with the different neutralisers . 

It waa this belief that l ed the author to undertake the probl em presented 

here . 

Since the time allotted tor this study was lim1te , only two 

neutralizers were studied w1 th regards to their effeotivenesa upon the 

nine more il?tportant fatty acids of butterfat. Chemically pure calcium 

hydroxide and sodium carbonate were used in th se experiments . It 1a 

bel1eved that since theae two neutraliiera are repreaentatiYe of the two 

typea ot neutralisers uaed commercially that a rather accurate picture 

of the general effeot1'99neaa of neutraliiation upon the various fatty 

acids 1s presented. 



HISTORICAL 

It has been known for several year~ that th acidity of butter 

greatly affecta ita keeping quality. Salted butter with a high acidity 

of'ten develops a fishy fuvor within a short timo under oom.'!lel!'Ci&l 

storage conditions . Hunziker (11) r ported tho development or a fishy 

flavor in a sample of butter after tirteen days of storage. 

Several investigations have been conducted fer tho purpose or 

determining the eff ct or tho neutralize.ti.on of cream upon tho acidity 

of the resulting butter . Hunziker (11) w s perhaps among the first to 

atte.."lpt such a study. Re reported tblt when the cidi t:, of a sample or 

cream. 11aa reduced from. o. 70 to 0 . 24 per oent, tho acidity of th butter 

was reduced fra:n o •. 15.0 to 0 . 119 p-er cent ( ee.loulated as l ctio acid). 

When a portion or thia neutralized cream was paateurhed at 145° F. £or 

SO minutes the eidity 'DB further reduced to 0.19 per o t and the 

eidity of the butter 1tas reduced to 0 . 060 per cent . At the end or a 

seven11onth storage period a sa.mpla of butter fro the :r.aw portion of 

this oroam had a fisey fl.Avor and scored 84. the butter t'rc:m the cream 

that was neutralized only. had a sli~ht rancid !'lavor and scored 89, 

while a sample of butter rron e. portion of the oraam th$t waa neutrali&ed 

and pasteurised had a clean flavor and s.oored 90 at the end of the sewn

month period. 

ore recent 1nveatigat1ons of this kind were conducted by Gould and 

Townley (9) . They inveatigated the innuence of various n82tral1&ers 

upon the acidity of butter and butterfat. The data obtained frcrn this 

experiment sh.ow that the ac1di ty of' butter and butterfat decreases with 

aucceasi ve reductiO!la 1n the acidity of cream. These data also shaw a 

wide variation in the effectiveness of the neutralizers in reducing the 



cidity of butter and butt&rfat. They (9) stata thats 

"In general, th limes war l ess officiont in reducing the acidity 
of' the butter tba.n were the other neutralizers, at least throughout 
the calculated range of o. 25 to o.os per oent. tt 
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In working with the correlation between the pH of th or and the 

pll of tho resulting butter. Breazeal et l (4) obtained more i'avorable 

results with soda neutralisers than they did with lit:14a neutraliz rs . 

1hen the pH of the butter plotted against the pH of the neutralized 

cr eam !'ran which it we.a ohu.med, smoother c.urvos w re obtained in the 

trialf! with soda t n in th tri la with lime n utralizers. Tho pH of 

tha butter f'ran the cream that was neutralized by tha lime took a sudden 

-riao fra.n 6 . 25 to 7. 0 while the pH of the croam varied only fran 6. 3 to 

6 . 6 . en a portion of the same cream s noutralized with a soda , a 

smooth eurve was obtained throughout th.e range of 5 . 5 to a.o. 

In working with samples of' oream with relatively high fa.t acidities , 

Fouts (6) obtained data which agree very favorably with that cf Gou l d 

and Townley (9) with regards to the effoctivoness of neutralization of 

cream upon the acidity of butterfat. The titrato.ble acidity of' these 

samples ranged from 0. 47 to 0 . 82 per cent and th fat acidities ranged 

'fran 1. 2 to 5. 9 . After neutralization. the acidity of the oream ranged 

fr o . 23 to 0 . 27 per oent and the fat acidities of the resulting butter 

wer-e decreaaed to a range of 1 . 0 to 1. 5. In another phase of this experi-

ment he also found the.t sodium carbonate was ore affective than magnesium 

oxi de 1n reducing fat acidities at points ·Of neutralization of the cream. 

abow 0. 10 por cent . At tho and point, magnesium oxide was more of'fective . 

The data of Gould and Townley ( 9) show that caustic soda was the only 

alkali used that was more affective tl n magneeium oxide in reducing fat 

acidi.ties at this point . Th results of f'Urther investigations made by 
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Fouts et al (8) show that progressive neutralization of or am reduced 

the acidity of the resulting butterfat. but that thb deoreue waa not 

d1reotly proportional to the per oent decrease in the acidity or the 

cream. When high acid cream was neutralized. the reduction of the aoidi• 

ty of the fat -.as very slight until an appreciable amount of the acid.1 ty 

0£ tho cream we.a neutralized. Bird (2) stated that there is sol!le corrct• 

lation between the reduction of the acidity of cream and the acidity of 

fat. A8- the aeid1 ty of cream h reduced,. the acidity of the fat is like-

wise rttduced. 

The result. of the work of Bendixen (1) indicate that there was a 

direct relationah1p between the ratio of the acidity of the butterfat 

to the acidity of the butter and the flavor score of butter. As this 

ratio ( acid value of tat X 1ool increased the tlavor score decreased. 
aold value of· 6uttir 'I 

Both, the ratio and the flavor cr1 tic1snu,. indicate that there was rat 

deterioration. 
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STA'l'EUEN'l' OF PROBLEM 

This probl em we.a undertaken for the purpose of obtaining in£or

mation regarding the resistance or the nine more common tatty acids or 

butte:r:tat. when added separately to cream, to neutralisation by calcium 

hydroxide or sodium carbonate . 
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PLAN OF PROCEDURE 

Preliminary Phase 

Before attempting this problem. 1 t was necessary to find some means 

by which the various fatty aoida might be added to the oream moat •no• 

ceasfully. It 11as desired to keep the condition of the crea.~ aa near ita 

natural state a.s poaaibl e . and yet, obtain a thorough distribution of 

the fatty aci ds. Several mot.hods were tried but onl y the one which 

pro""'d most auoceaatul will be described here. 

Freeh sweet cream or good quality was standardized to 33 per cent 

fat and pa-eteurhed at 145° F. for 30 minutes . It w s then cooled to 

0 70 F •• inocul ated with lactic aeid ferment cul ture and incubated at 

room tEmperature until the titratable acidity had reached approxiltlate ly 

o. so per cent . Fonna ldehyde was then added at the rate of one part 

formaldeeyde ga.s t.o ~ ,ooo parts of cr~m so that t'Urther ac-t.ion of 

microorganisms would be r eduoed to a m1n1mum. 

The cream was than divided into 10 portions of 75 gm. each. One 

portion was US$d f'or each of the nine ratty acids studied and one was 

carried through as a blank determination. A definite a.mount of ea.ch of 

the fatty acids -.a added to the sample of cream provided for it . The 

acids were ti.rat added to portions of filtered. low ac1d1ty butterfat 

equal in weight to 10 per cent that of the ~ample ot cream to which it 

was added. In this case 7 . 6 €ill • of fat was uaed. Twice this amount 

(15. 0 ml . ) of distilled water waa added so that the mixture would be 33 

per cent fat . Before mixing. the portions of fat oon-taining the fatty 

oids. the distilled water and the cream were brought to 175° F. in a 

water bath. Thia temperature s used because it 1a well above the 

melting point of stearic acid which is the acid of the group having the 



highe•t melti?lg point. lltslediately atter mixing the -~r .. rat and 

ore-am. the mixture •• run through a. small band emul.si:n..,r.. The IU\plaa 

wre then incubated at 11.3° F. tor 18 hour~.. At this tenperature the 

butterfat waa 1n a l1qu1d at&te and it seemed that a thor0<ugh d1atr1• 

bution of the fa tty ae-1 da was obtained. 

At the end or the lB• hour inoubation period, the tlt"'t.ble &eidity 

of ea.eh sample of o-ream was d.etermined. The samples were then oooled 

and ohurn«l_ af'te.r which. the aoiditiea of the buttermilk and tat W!tre 

determined . 'The .i.t was prepared for the dete-rminat1cn .of lts acidity 

. . 0 
by first. melting the butter in an incubator at 113 F. and then up1.-

rat1ng of.f the fat into f'ilterlng apparatus .. Filtration ns. also carried 
0 

out in the incubator at 113 i'. 

The data obtained 1n the prellmimry pbaae are given in table I. 

'l'heae data were used ror calculating the amount ·of eaeh Atty •-eid to, b$ 

added to the cream of 1te ·r~1:pect1ve: se·riee. Atte.r Tipening. the per 

eent aoidity of the, eream •• O. S4 and the «1.cidity of the fat •a 0.1. 

Table l show.a that th.e -calculations tor la.uric ae1d were a li ttl• 

high.. this we.a, adjusted before the major part or these experl.ment• .. 

begun. The a.m.ount Qf butyric aeid added and the effect it had upo.n the 

aoldity of the cream are significant ae will be shown later. 
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Table I 

Reaults ot a Trial to Determine the Amounts of the 
Various Fatty Acids ieeded to Yield the 

Desired Fat Acidity 

(The f'at acidity oaloulated for oach S$lllple was 6.0) 

Semple Fatty I Grania e.oid I Acidity ' Fat 
llo. 1 acid I added ' of cream • aciditz 

1 :blank 0 . 000 I o.as I 0. 9 
2 abu~rlo 1 o. si.z I 1.35 I 1.S 
:s tc&J!roic o.aoo I 0 . 89 f s.o 
4 'C!f!'Zlie I 0. 308 t o.as I 8. 2 
5 :caEJ:ic • o.sso I o.ss t 7. 9 
6 sl aurio I o.ssa a 0. 83 10. s 

I 

0. 456 o.sa 7 i&tic I I 7. 6 
8 tio I o.s I o.84 a 1. 

' 0 . 534 ' o.84 I 1.6 
io • o.ss. t o.a3 & 7. 9 

Experimental Phase 

The cream used in the experimental phase or thla problem was ot the 

same qu 11 ty as tlvlt of the preliminary phaae and was treated in the 

same :manner. Since only one !'atty acid was dealt with at a time, no 

divisions ot the cream wer~ mad• before the addition ~f this acid. The 
. 

calculated amount of the deaired ratty acid was added to 2.400 gm. 

$8lllples ,of cream in the sam manner as described under the preliminary 
. 

phaae • . 
At the end of the 18-hour incubation period• the nd.xture waa di• 

vided into 24 one•hundred-gm,. ea.'n-ole•. Eleven of these samples were 

neutr lhed progressively with calcium hydroxide while 11 others were 

neutralized in the same manner 111 th sodium carbonate. The two remaining 

sample• were taken through the proceae as blank determinations. '1'be 

calculated points of neutralization were 0 . 75. o. so. 0.40. 0. 35. o.30. 

0.2s. 0 . 20. 0 . 1s. 0.10. o.os. and o.oo per cent. All nEU tral1zat1ona 

nre oarrled out at 90° F .. and the eampl s were h~ld at this temperature 



for 15 minutes bef'ore paateuriaation, The lime ne.utralber used was 

a 12'3 per cent calcium hydroxide and water mixture; the soda., a 10 per 

cent solution of aodim carbonate . -rhea are the •trengtha of the two 

neutralizers canmonly recommended for commercial p?e.ctioes. The 

0 samples wre pasteurized at 145 F. for 30 minutes. 

11 

During neutralization a.nd paateurbation, al,1 sampl,ea were held in 

the same •ter be.th. The bath a equipped with 12 small agitators of 

the samo deusigxi , ~e,y were driTen by the same force a a 1/.50 H. P. 

vuriable speed electric otor. Some idea 0£ this uoh1ne m..ay be 

obtained by referring to figure l which 1a an actual photograph of 1 t . 

Figure 2 is a oloae up new 0£ one of the small a gitators . This m.aohine 

proTed to be v cy efficient in this type of work. It was designed by 

members or the statr and the author. 

After neutr&lua.tion., ti tratable acidities or each sa.inple wore de-

termined . They were then cooled and churned. The churning was done on 

a small expe rimental churn which was designed for holding twelve 8 oz .. 

Jar• • Figurw 3 1a an actual photograph of this churn. It consists o£ 

the base of a treadle type ae'lt'ing •chine in an inve rted position. The 

frame for holding th jars in po.-ition is mounted on the treadl • . It 1e 

driven by a small nriabl e a.peed electric motcr. Thia machine was alao 

designed by a member ot the staff. 

Duplicate runs were made on the butyric , oaproio , caprylio , laurtc. 

palmitio,. a.nd oleio aeries . The results obtained in the duplicate aeries 

1n each case checked very favorably w1 th the resul ta 0£ the original 

aer1•• • Since good checks were obtained in those aeries on which dupl i -

cate detenninationa 119re me.de ,. and since a canparatively large ntmbeJ:" of 

aamplea Wltre run in each aeries. duplicate detenninationa on all aerie• 



Figure 1 

iater Bath and Kultiple-e.g1tators for Handling 12 sample• ~ 
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Figure 2 

Cloaeup ot One of the Agitators Show.o 1n Figure l 



Figure 3 

Small Exper1mental Machine for Churning Several Samples 
at the Same Tine 

.... 
If» 
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'Wero not Ul.f.\O't'h Furthormore, all acids on which duplicate runs were not 

rt'.OOe .ree.etfffl in tho o-rigil'.l.Cll runs vory s imi1a.r to one or more of the· 

acids. on which a duplicate run 'ffll.& made. 

Au.other pha&e of' this problem ~ondsted of' e.n experiment 1n which 

a mixture of the nine tatty acids considered in t!.is problem -.s used. 

'1'he G."noun~ of eaoh fatty aoid to use was calculated frm de.ta eitod by -

Rogers (12). Since toose nine fatty acids do not comprise all tho fatty 

acids oi" butterfat,. the sum. of their percentages does not total exactly 

100 per ce:rrt. Wnen converted to a 100-per•oent bash" the £ollo.71.ng 

p.ereentage ror e(lch acid was obtained: 

Eutyri.o 3.2 per oont 

Caproic 2.1 per cent 

Caprylio o.a per cent 

Ce.prio 1.1 por cant 

Laurie 6.2 per cent 

~is tic 20.2 per cent 

Palm1t1e 15.8' per cent 

Stearto 15.5 per cont 

Olo:tc 34.5 per eont 

'lhe tatty acids -.re weighed out and heattid toeether until all the 

crystals -w&re melted. Firte(jn ml. or this mixture fflls then transffJrrod 

'by means of&. hot pipette to low acid butterfat ~usl in weight to 10 

per cent that of the sample of' erew:!1 to whieh it was to be atkled. 'l'he 

1':l.t oonta1ning the mixturo or aeit:ls was a.d<l·ed to the oreo.rn in the same 

manner as bas alreaqy be~n described for adcing tho fatty acids to the 

eream sernples. 



Determinationa 

The following determine.tions were made on all samples of each 

aerlea1 

1. Origix..l aoidity of the cream. 

2. Acidity of the cream atter ripening. 

3. Fat acidity of original cream. 

4.. Fat acidity after ripening. 

5. Fat a.eidity •tter addition of' fatty acid. 

6. A.o1d1 ty ot oream after neutraliz-etion and paateur1sat1on. 

1. Acidity or buttermilk. 

a. Fat acidity at"ter neu~ral1£ation and pasteuri&ation. 

Obaenations were made throughout the entire procedure and all 

irregularities such as oiling f!)tt, difficult chuming and other 

um:ultunu oharacterietica were noted. Canparisons of the flavor and 

16, 

odor \1'9re made between samples ot butter of' the amne seriea at varioua 

stages of neutralization with the same neutral1.zer. Sam,plcs ·of the see 

series that wen n·eutralhed with soda were compared with those tha.t wre 

neutrall~ed with liJne.. The tat a-e1d1tiee were determined. by a slight 

modU'1cation of the Alcoholic Potaaaitan Hydroxide Jleth.od (A) o.f Bird and 

Breazeale ( 3) . Ten gm. of fat ,n,re 'Weighed into 125 • Erlemneyer 

fla.aka. 'l'Wenty•five ml. of petroleum. ether, 10 ml. of absolut.el alcohol 

nd 10 drops of alcoholic phenolphthalein were added and tho titrationa 

were in.de w1 th N/10 potus-ium hydroxide 1n absolu.t alcohol. 11te rtrat 

def'in1 te color change we.a taken as the end point. 

Fat acidity is expressed aa the number of milliliters of n-ormal 

potassi1.111 hydroxide required to neutraliu the free ratty acids or 100 

gm. o.f filtered fat using phenolphthalein as an indicator. Thie meaning 



will be implied when the term fat 1:u1idi ty is used throughout th.is 

thesic1. 

rt 
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DISCUSSION OF RESULTS 

The aim of this thesis ia to present data showing the resistance 

off'ered to neutralhation by individual tatty acids when added singly to 

cream.. Two neutralizers. calcium hydroxide and sodium carbonate, were 

considered. 

Before a discussion of the resistance of the individual fatty acids 

to neutralhation and the eff'ectivenesa of the two neutralizers in the 

reduction of th ae acids 1• in order. brief review should be made ot 

aane of the physical characteristics of this group of fatty acids. 

Table II which is a modification of the data presented by Rogers 

(12). gives aane of th more important physical characteristics of these 

aeida. It will be noted that butyric acid 1s eolllpletely soluble in 'Water 

&lld that caproic acid is aoluble to the extent of 0. 882 gm. per 100 ml. 

of water at 59° F. At 212° F •• the solubility of caprylic acid is o. 25 

r,n. and capric is 0.10 f!'Jll• per 100 ml. of water . auric acid is very 

slightly soluble and the remaining acids are insoluble in water. 

Aoid 
Butyric 
Caproio 
Ce.pry lie 
Caprlc 
Laurie 
Myrlstio 
Pal.mi tic 
Steario 
Oleio 

Table II 

Sane Phyaioal ·Constanta of the Nine Jlore 
Canmon Fatty Acids of Butterfat 

•• Melting a Boiling I Solubility in 
point ' point I 100 ml. water 

20.oo F. I 325. 5° F. ,aoluble 
17. 60 F. a 395. 6° F. 10. 882 QD:• at 59° F. 
61. 70 F. I 45s.a° F. s0. 25 gm. at 212° F. 
es.3° F. I 514. 4° F. ,0. 10 gm. at 212° F. 

I 110. 5° F. ' s12 . 0° F. 1ver1 el. soluble 

• 129. 20 F. I 

______ _,.. 
ainaoluble 

145. 4° F. • 
_____ .., __ 

a insoluble 
156. 7° F. I ------·-- a insoluble 

60. 8° F. I 
__ .. ______ 

11naoluble 
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Large amounts of butyric acid were required to increase the ac1di ty 

or the fat 1n the butyric series to e. p oint co11parable to the points 

used in th other aerie. Table III shows that the addition of 23.0 ml. 

of butyric a.c1d to 2,400 gm. or cream increased the aoidi ty b-am o. 70 to 

1. 3-6 per cent while the acidity or the f t was increased fran 1 . 0 to 

5. 1. Thi table also shows that caproic acid increa.a d the acidity ot 

the cream frun 0 . 82 to 0.85 and that all the acids 0£ higher molecular 

w.,ight-s had U ttle influence upon the acidity 0£ the cream.. Th mixture 

of fa.tty acid.a slightly increased the acidity of the cream to which i't 

was added. 

Table III 

Reaulta or Adding Definite Amotmts of Fatty Acids 
to 2 . 400- Gram Samples of Cream 

Acid I Acidity of cream 1 Aoidi~ ot ~at 
added • Amount • Bef'ore s After 1 Before• Arter 

Butl!:ic I 23. 0 ml. I 0. 70 I 1. 35 ' 1.0 I 5. 7 
gaproic I 10. 0 ml. ' 0. 82 I 0. 85 s o.s J 6 . 6 
CaE!ZliO I ~.o ml. I o.90 I 0. 89 I o.a I a.o 
CaEric I 10. 0 mle I o.as : 0. 85 I o. 7 7. 0 
Iaurio i 11. 0 Q!!• ' o.ao a o.so I 0 . 1 I 7. 0 
Myr1atic , 12. 0 12• ' o.a2: o.e! I 0. 1 : 7. 5 
Pabdt1o 1 17. 0 E • ' 0. 89 I 0 . 90 0 . 6 ' 7.4 
Stearie s 14 . 0 Q!!• I 0 . 90: 0. 90 0. 1 s 6 . 4 
Oleic ' 19. 0 ml. I o.eo 1 o.ao 1. 0 I 6. 2 
Mixture , 15. o ml. I o.a3: o.ss s o.e l 6. 3 

Data obtained by Ferg (5) show that when butyric acid • added to 

cream at the rate of 0 . 5 l. to 100 gm. of ere.am,. approximately 80. 0 

per cent of the acid went to the ~er phase and approximately 20. 0 per 

cent went to the fat phase. This is. no doubt, due to a close physical 

relationship between this aoid and water. His data denote that the 

affinity of butyric acid for water is about four times as great aa it 

is for fat. In working with oaproic acid. Ferg (5) found that when 

o.s ml. or the acid was added to 100 gm. of cream 77 .4 per eent 'W9nt to 
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the fat pba1e and 22.6 per cent wnt to the •ter pbAac. He alao f<JUDd 

that approximately 95.0 pev cent of oaprylic and ca.prio acids went to 

the .tat pbaae. All of the re:1aining fatty aclda Wied in tlleae Uperi• 

ments were found to g9 oompletoly to th rat phase. 

An analya1e of the data obtained 0-o the exper1-Jlta or thie prob1-

revealed tha.t certain ot th f•tty acids reacted to neutralisation in a 

vtty einlilar manner. Since this waa .found to be true, the aoida were 

divided into three group• so aa to simplify th-e dieoues1on or the N-aulta. 

These group• are aa rollCNrat 

Group t - butyrio and oap-ro1e. 

Group II • aapry11o. oaprlc, lauric. myrl•tic, palmitic and atear1o. 

Group III• oleio. 

Comparative R••iatance or the Fatty Ac1da 

The d&ta herein presented ahow that the resistance o.ff'ered to neutral• 

ication by- both the fatty acids or Group I elight. Figures 4 and 6 

and table IV show that capro1c aold w.a &. Utt.le mot-e reaiatant than 

butyrio. 

Figures 5 and 1 and table V should not 'be considered in a canparl

son of the rea1atance of butyric acid becau•e the acidity ot the cream or 

this aeries wa• about twice that of the other serle•• 'l'heeo two ftgurea 

are intend.•d to ehow tbs canparat1-ve ra•iatance to th_e variou.a ratty 

acida to different tractiolJAl part-a of equivalent nighta of the neutral• 

iz•n. Since the ti.'liratable aoidity of the or e of the bu:tyrio •r1ea 

was about twice ·that o.f the oth seriu atudied a much great.er count 

ot ~eutraliaer waa required to reduce this excese acid. Thua# 1twaa 

impossible to canpare the rea1atance of butyric aoid with the other aclde 

with regards to the amount oi neutralber requintd. 



Table IV 

Per Cent of' Fatty Acids Neutral11ed at Various Points 
ot Neutralization of' Creem 

1 Orlgi11&l - s • Points of neutralization of cream 
Fatty • aoidity s Alkali • o . 50 a o. ss I o.25 a 0. 20 1 o.15, 0.10 1 0 . 05 
aoida • Cream a Fat , 1 Per cent of fatty aoida neutralized 

• ---• 153. 2 167. 3 171.4 s79 . 7 180eO 184 . 2 I 89 . 9 
Butyric 1. 36 I 5. 3 161 . 4 ,12 .0- - ,-so~o ,-s-3.l -,-a-1.1-- ,ea;a -,- 91. 

Capro1c l o.as, a.6 I • 142 . 6 166 . 6 172 . 7 175. 8 t 80 . 3 187. 9 I 95. 6 
,40. 5 ,11. 2 ,a1 . a ,ss. 2 189 . 4 ,-si-;-,---,- 93-; 5 

s 1Ca(OH)2 ,12.s 121. 2 147. 6 i68 . 6 &78 . l 185. 4 , 9S. 6 
C&prylic. o.90. a.o ,Rt.~ ,12.s aS4. l 147. 4 163. 3 181. 8 188. 3 l 91 . 0 

Caprio • 0 85 1 7 0 ,22 . 9 1 s. 1 ,24.z 1M.s .e,.a 11s. 2 , e1.s 
• I • t I 7. 9 128. 6 147. 2 t64e3 181. 5 I 1. 6 I 92. 9 

Laurie I 

·• 
I 

Myrbtic 1 -
P&lmitio 

I 

Stear1c -
Oleio 
-
Mixture 

I 

o.so. 1.0 

• 0. 02 1 7. 5 

1 2. 6 119 . 6 144. 0 159. 6 177 . b ,a~.z , 
s s .-2- -,tG.-6--,-D9~l -~~ • .,o.5 HJl . ~ ltif:> e t> a 
I 4 e0 112 . 0 138 e7 1_61 . 3 
I 9. 3 121 . 3 t40~0 i 57. 3 

o. a9 · 7. 4 ·=='=<&4 - ~-- ---·- a4e.s 
1 1 Nao C - • 9 • 8 1 32 • i "• 66 • a 
a . aG&\0&2 a ·, . s llti eB a37 . 5 

o.90 1 6. 4 1Na2c , 1.a ,21 . 9 ,a9. l 
0 . 80 a 6 . 2 le&\O.l1)2 I z. ~. I Ge l 116. 2 __ 

a ,Na~CO!t ·• 2. 2 1 5 , -4 117. 8 128 . 9 
0 85 a 6 3 aCa(OH)g I G. 8 a a. :s ,_27 . 8 a56 . 4 

• I • il'a,2003 I 7. 1 111. 9 148. 3 152 . 0 

N .... 
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Fatty I 

acid• l 

Butyrio 
I 
I 

Capro1o I 

' Caprylio I 

Caprio I 

I 
Lauria I 

t Myrietio. 

Palmitic; 

Steario 
I 

l 

• Oleio I 

M1.Xture 
l 

Table V 

Per Cent of Fatty Acids Neutralized by Equi"V"alent Weights of 
Alkali When Added to 100 ~ · Cream 

1.35 1 s.s 
• o.ss , a.e 
l 

0. 90 1 a.o 
I o.es 1 1. 0 

115. 6 128. 2 &47 . 6 168. 7 
130. 7 150. 3 ,so.o ,86. 2 

I 
0. S0 I 7. 0 

119. 2 129. 1 157. 8 176. 8 
132. l 147. 6 t'"f0. 3 184 . 0 

I 
0 . 02, 1.s 116 . 2 s22 . 5 161.0 181.7 

140. 0 167.2 181 . 5 s87.o -
o.a9: 7.4 

I 
0 e90 I 6e4 

• o.ao I s.2 

' 0 . 85 6.3 

191.5 
asI .o 
s89. 2 
t89 . 
194 , 7 
189. 6 
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The high acidity of the butyric aeries ,ras dua to the great4r 

affinity of' butyric acid for water than for butterrat. Large amounta of 

this acid had to be e.ddad to the cream of the butyr1c soriea in order to 

increase the f~t acidity to a pcint canparable to the points used 1n the 

other aeries. To overoane this condition, the author considered the 

poaaibility of adding butyrlc acid to low ucid eroam, but in so doing, 

the cream would not have been given the same treatment as it was in the 

other series . It was th.en. d cided to tr~at all sa.mplea aa near the 

same as possible. 

When the fat acidities of the butyrio and caproic series "Wre 

plotted against the ac1d1 ty of the cream at the various points of neutral

bation, straight diagonal line-a were obtained until low acidities wre 

reached . Figure 8 which was plotted frott tho data of the caproic s&r1es 

is a representative curve of the acids of group I. This figure also 

shows that the reaiatance of'fered by the e.cida or th1a group was very 

alight. 

The acids of group II resisted neutralization m.ueh more than the 

acids of group I. This resistance varied so:newhat between the acid.a, but 

this vari•tion did not follow any set rule. In all series, little 

reduction of these acids took place until low titra.tablo acidities or 
the cream were reached. At 0.25 per cent a.e1d1 ty of the cream, only 

two of these acids were reduced as nnch as 50. 0 per cent. In general, 

at o.15 per cent acidity of the cream, eo.o per cent of most of theae 

aoida waa reduced. This is significant. because 0.15 to 0. 25 per cent 

acidity is usually comidered the normal range ot neutralization <,f cream 

for butter making. Table Iv and figures 4 and 6 ahow that the oat rapid 

reduction of the acids or group II oJourred fran o . 35 down to 0. 15 per 
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Figure 9 . .i!.iffeet of Neutralization of Cream 'ith Calcium Hydroxide 
and Sodium Carbonate Upon .b,at Acidity hich Was Increased by Addition 

of Palmitie Acid 

cream was reached. Accordi ng to Rogers (12) , oleic acid cor.iprises an 

~veraee of 31.895 per cent of the fatty acids of butterfat . A cornpar-

ison of the resistance of oleic acid and th t of a mirture of acids 

used in this p1·oblen1 (mixed in propoi•tions b ased upon the averages found 

by Holland et . a l . (10} to occur in butterfat ) indicate the great in-

fluence of oleic acid u:pon the resistance of t ho f atty acids as a ,1hole . 

This mb:ture was !.)proximately 34. 5 por cent oloic ccid. 

Comparative .L!,:ffectivaness of Calcium Hydroxide 
and Sodium Carbonate 

Chenu.ca lly pure calcium hydroxide and sodium ca.rbonat e were t he tvro 

neutralizers used in this problem. These tHo neutralizers were chosen 

because they are representative of the tno types of neutra lizers in 
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Sodium carbonate ""° little .. oro offeet1ve than c·· c1 eyarox1d 

in tho 11a ct1on o_ the no of Gl"()'U!) I , vor., both · lizcrs 

did all 1n ro 001 o t as.o eidS. ohous t , t ood!um c boMte 

l"Odncad caproto , o1d ~.o!'O re.pi 1 -,.. t a un b.Yt.tr :it.le. , t o.,.:)o 

or co t aaid1ty o.i. t • cro , about " pe:r e -mo c - ie acid ,.1 s 

re :ce l by t:t>o sod th::111 by tho lil:.'lo. 

·. cionpc.rioon ot butyric o proio cid"" o:t Ficaro , ith tho so, 

7 a.hcm.o tt t 'both ncntri~lizo.ra , ro eq ,,, ~ o "'ie.'ont 

·ts. 

'l?ho tho.cl f'o:r: deto1~sd nN tho tt at vo- eo of the t n-oot lloorn 

'no t s per eent or the fat 

ton.a ·r-" cti . l art - of tb.i> q 1ival.o11t • · il,.hts 

ao.i re-

duood by n e i-on f:-,cttonal part ot o.n oq · v ·lmit t. 

<'Hlt'veS , co i llm. the data of ,blo V.,. rolocul~. ·rei t 

of e ci • d:ro:d.de io 14 n.d di C ' a.tluto i lOG.. Stnee both 

nout uro .... vs.lent. t.h o. uival! nt i o t of et.lei l(,rllr~~i 

ie 37 o so . lllll e :1.rbount0<, 3 . 

! r 1'0n.Co 1 t. off-0e-tt r.n:.e:m o .. e. loi .. m ;rd:ro:d.de ar.:i o . 

ca !wmte in wt~·· li!1... ~o. ratty ci ot' .. '. n s s:,w!1h''-t 

.,., ~· ter tlJ. n _t in C-Toup Tho co<.lim: c1: bo.nu s a l1ttlo nore 

ct ct Vi ranee of 

r:eutr za.t io 

·eeti vo t,: t!,.o eo n . 

:r,n,-son: ti or all t , c i 



nt~r of e'q_Ul:1;:-al.ent fflJi!!liits , th$ so® wa.s l'm.1.Ch mre· ef'f'a.c,tiw ttnt1l 
' ' 

'betrieen the two lmtttl'all~s; such ~a ool.'Ubility in t7titer and tll.e .ab:1U~ 

to ~ombt.ne 11th cortain 00,.~t!tuont~ at <1r~. Sodiu..lll curbonata is 

h!~lly sel11ble in water whil:0 ealoium l.Wdr~ is @11 sll~ly 

soluble,... Oala1Utii byd;ro.xi.d6 oambi~10:e with ~in in appJ.'eoiablo amounts 

t'rlt.Jl.e oodiU&1 earb~1 to doou n,rt,. 

In. Oro~ III, 01"' the olaie so:t'iea,. ~dim) en::rbonate was le-ss 

otrioiattt t.ball e€ilctum. eydi'O:ii:ide in reduct.~ thir! ac:14:i whil.a, in the 



tion by either 

c!Dt nc tt.nn butyric ·· eid to 

lizauion. Cmlci n frro-xido o a little lea"' err ciont than 

ood1 n ro :no1 , thin .... eid"II 

All the sat to · tt.:r acid.a of 

capro1c eid thut ro-ro used in this atu offaro eons1de ble .rosutn 

to utr l1 tio~ Sodi c cr-bomto s rm-o e.rroctive t n co.J.cino 

ey6ro:d o. in the nou li tion of t oo cida i hill tho nor.m.l r 

Oloic aid offored th g ~test rosist nee to .noutr:: li~t1on ot 

oftieie t 

-rger etioml rtn of -u.1 o.lont ichto of cu.lei }W oxido 

th n a itu:i carbona recuire<l to nout liz.e tlll:l 

1 is to the .toot 

aci ds used. in this atuay rallo bot· 1een the u or t e lli - r a,loc l r 

in 1e eo 

that ole1e ~.td is rgel;:,,. reopons1blo tor tho rests to nout .. 

1zntion o!'fo-roo by tho fntt"J Mi s in butt.art t • 

• • • : f: : : ! . : .". • • J. . : . •". 
~ : : : ./.: • t •• • : • • • : .. : .... • • 

• • • .. • - " • " - • • ') . J ..... l •• ·~ • 



The author t1ial'!.es to take thio 'OJ.i1r0rttmity to exp're'sa 

his Gine~a a::ppree1ation to Dr.. a.. t .. !'outs fo-r the Il'J:l:DY h&l 

ful \GUggeatiOl:lS and the 801danee B1,ven tbrougn.ou.t 'thie. otuey 

and d\.trUlg the proparatton of this tmais. 

The author ts greto.tul to lir. 1 ._ I ., !rel.th and tw. w. l-,,.., 

:Kr·ienke tor their helptul. st~gostions during the :p.rogt>o~ of" 

this S'tcudy'4 
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