THE LKESISTANCE OF SPECIFIC FATTY ACIDS WHBY ADDED
T9 CREAM TO LEUTRALIZATION BY SODRIUL CARDONATE

AN CALCIUX HYZROXIDE



THE RESISTANCE OF SPECIFIC FATTY ACIDS WHEN ADDED
TO CREAM TO NEUTRALIZATION BY SODIUR CARBONATE
AND CALCIUM EYROXIIE

PAUL E, JOHNSON !
Bachelor of Bfllm
Texas Technological College
Inbbock, Texas

1939

Submitted to the Depsrtment of Dairying
Oklshoma Agricultural and Mechanical College
In partial fulfillment of the requirements
for the Degree of
NASTER OF SCIENCE

19%0

........



ORT4RON4
MGRICOLTURAL & MECEANIGA, cougg
LIBRAR Y

OCT 24 1340

1250796

% of Graduate School



I.
II.
I1II.

Iv,

V.

Vi.

VIiI.

nIxI

TABLE OF CONTENTS

Introduction scecsescccccsscescoscvccsesocsssvscncasconcs
Historical .cccecccccccscesscscsensccscnccncssennacnnnes
Statement of problem cssceccccssscssssssenncssrssnsscnne
Plan of procedur® .cccescsscsscssscsssssnscsssssvsancones
A, Preliminary phase .cscccccccccccscssseccssncsens
B. Experimental phase ..seccccsccsccccscosesssonses
C. Determinations e.cecessccccncesccccanccsncrcene
Discussion of results .seessseccsvsscsscccscscssnsssenenes
A. Comparison of resistance offered to neutrali-
zation by the individual fatty acids .secesvesscs
B. Comparison of the effectiveness of calcium
hydroxide and sodium carbonate in reducing
fatty acids c.cccccccccccrsscccscsnscccccncncncs
Conclusions .sececcccessscesssccssscassssnncesnansssconne
Acknowledgmonts sesscssscnscscnssscssinnssssrnsnnssannss

u“nw“ ci“d (AR E R R R R R R R R R R R R R A R R R R R R N

iv

10
16
18

20



INTROIUCTION

Through the deterioration of butterfat and the liberation of free
fatty aeids, certain objectionable flavors end odors are frequently pro-
duced in milk and other dairy products. It is almost universally agreed
among workers in the field of dairy menufactures that rancidity and
tallowiness are caused by fat deterioration. According to Rogers and
assooiates (12), rancidity is due to the hydrolysis of fat and the
liberation of the free fatty acids of lower molecular weights and tallowi-
ness is due primarily to the oxidation of oleic acid. Fishiness is also
closely essociated with the decomposition of fat. Work cited by Rogers
.(12) has established the fact quite conclusively that fishiness is caused
by the hydrolysis of lecithin resulting in the production of trimethyle-
amine which is responsible for the fishy flavor.

Butterfat contains a relatively high percentage of the fatty acids
of lower molecular weights and since water is always present in appreci-
able smounts in most all foms of dairy products, the susceptibility to
hydrolysis is very great. Data obtained by Holland et al (10) in the
analysis of several samples of butter showed that oleic ecid comprised
from 25.273 to 40.313 per cent (average 31.895 per cent) of the fatty
acids of butterfat. A high percentage of low molecular weight fatty
acids in the presence of water and a high percentage of oleic acid make
butterfat more susceptible to deterioration than most all other fats.

The action of engymes and free mcids in the presence of water and
the action of certain microorganisms are responsible for the liberation
of free fatty acids. The lipases are the enszymes that have the property
of hydrolyzing butterfat. Pasteurization renders this group of enzymes
partially, if not totally inmctive. Since the majority of the fluid milk
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is pasteurized and marketed before appreciable amounts of acid have had
time to dewvelop, little di fficulty with rancidity is encountered in this
product.

The situation in the butter industry is somewhat different. The
bulk of the eream which is used for butter production usually attains an
age of several days before it is marketed. During this time, it is kept
in the raw state, and in most cases, at temperatures favorable for rapid
bacterial growth. Extreme conditions of this type are found in the
Southwest during the warmer months. Titratable acidities ranging from
0s75 to 1.25 per cent are comnon. Recent surveys in which the author
assisted show that cream in this immediate section of Oklahome not only
had high titratable acidities, but also, in many cases, high fat acidi-
ties.

A relatively large amount of literature has been published on the
neutralization of the titratable acidity of cream for butter meking, but
e comparatively small amount of material is available which deals spe~
cifically with the neutralization of the free fatty acids of creem. In
view of this fact, some work has been done at this institution to deter-
mine the effectiveness of various commercial neutralizers upon the
neutralization of free fatty acids of cream having high fat acidities
due to the action of lipolytic microorganisms. Wide wariations were
encountered between the effectiveness of these neutralizers upon the
neutraligation of the fat acidity. In wrk:l:}?ha relation of volatile
ecidity of butterfat to rancidity, Fouts (7) found that the different
organisms studied varied considerably in the percentages of total fat
acids that were volatile and non-volatile. In view of these facts, the

belief was advanced that some of the individual fatty acids were more



resistant to neutralization than others, and also, that the resistance
offered by these aclids perhaps varied with the different neutralizers.

It was this belief that led the author to undertake the problem presented
here.

Since the time allotted for this study was limited, only two
neutralizers were studied with regards to thelr effectiveness upon the
nine more important fatty acids of butterfat. Cpemically pure calcium
hydroxide and sodium carbonate were used in these experiments. It is
believed that since these two neutralizers are representative of the two
types of neutralizers used commercially that a rather accurate picture
of the general effectiveness of neutralization upon the various fatty

acids is presented.



HISTORICAL

It has been known for several years that the acidity of butter
greatly affects its keeping quality. Salted butter with a high acidity
of'ten develops & fishy flavor within a short time under commercial
storage conditions. Hunziker (11) reported the development of & fishy
flavor in a sample of butter after fifteen days of storage.

Several investigations have been conducted for the purpose of
determining the effect of the neutralization of c¢ream upon the acidity
of the resulting butter. Hunziker (11) wes perhaps mmong the first to
attempt such a study. He reported that when the acidity of a sample of
cream was reduced froamn 0,70 to 0.24 per cent, the acidity of the butter
was reduced from 0.150 to 0.119 per cent (caleulated as lactic acid).
When & portion of this neutralized cream was pasteurized at 145° F. for
30 minutes the acidity was further reduced to 0.19 per cent and the
acidity of the butter was reduced to 0,060 per cent, At the end of a
seven-month storage period a sample of butter from the raw portion of
this cream had a fishy flavor and scored 84. The butter from the cream
that was neutralized only, had a slight rancid flavor and scored 89,
while a sample of butter frem a portion of the cream that was neutraligzed
and pasteuriged had a clean flavor and scored 90 at the end of the seven-
month period.

More recent investigations of this kind were conducted by Gould and
Townley (9). They investigated the influence of various neutraligers
upon the aeidity of butter and butterfat. Tpe data obtained from this
experiment show that the acidity of butter and butterfat decreases with
successive reductions in the acidity of cream. These data alsc show a

wide variation in the effectiveness of the neutralizers in reducing the



acldity of butter and butterfat. They (9) state that:

"In general, the limes were less officient in reducing the acidity

of the butter than were the other neutralizers, at least throughout

the calculated range of 0.25 to 0.06 per cent,."

- In working with the correlation between the pH of the cream and the
pH of the resulting butter, Breaszeale et al (4) obtained more favorabdle
results with soda neutralizers than they did with lime neutralizers.

When the pH of the butter was plotted against the pH of the neutralized
crean from which it was churmed, smoother curves were obtained in the
trials with soda than in the trials with lime neutralizers. The pH of
the butter fram the cream that was neutraliged by the lime took a sudden
‘rise fram 6.25 to 7.0 while the pH of the cream varied only from €.3 to
€.6. When a portion of the same cream was neutralized with a soda, a
smooth curve was obtained throughout the range of 5.5 to 8.0.

In working with samples of cream with relatively high fat acldities,
Fouts (6) obtained data which agree very favorably with that of Gould
and Townley (9) with regards to the effectiveness of neutralization of
cream upon the aecidity of butterfat, The titratable acidity of these
samples ranged from 0447 to 0.82 per cent and the fat acidities ranged
from l.2 to 5.9. After neutralization, the acidity of the cream ranged
from 0.23 to 0.27 per cent and the fat acidities of the resulting butter
were decreased to a range of 1.0 to 1.5, In another phase of this experi-
ment he also found that sodium carbonate was more effective than magnesium
oxlde in reducing fat acidities at points of neutralization of the cream
above 0,10 per cent. At the end point, magnesium oxide was more effective.
The date of Gould and Townley (S) show that caustic soda was the only
alkeli used that was more effective than magnesium oxide in reducing fat
acidities at this point. The results of further investigations made by



Fouts et al (8) show that progressive neutralization of cream reduced
the acidity of the resulting butterfat, but that this decrease was not
directly proportional to the per cent decrease in the acidity of the
cream. When high acid cream was neutralized, the reduction of the acidi=-
ty of the fat was very slight until an appreciable amount of the acidity
of the cream was neutralized, Bird (2) stated that there is some corre-
lation between the reduction of the acidity of cream and the acidity of
fate As the acidity of cream is reduced, the acidity of the fat is like-
wise reduced.

The results of the work of Bendixen (1) indicate that there was a
direct relationship between the ratio of the acidity of the butterfat
to the acidity of the butter and the flavor score of butter. As this
ratio (':‘:%%’% X 100) inereased the flavor score decreased.
Both, the ratio and the flavor criticisms, indicate that there was fat

deterioration.



STATEMENT OF PROBLEM
This problem was undertaken for the purpose of obtaining infor-
mation regarding the resistance of the nine more common fatty acids of
butterfat, when added separately to eream, to neutraligation by caleium
hydroxide or sodium ecarbonate.



PLAH OF PROCEDURE
Preliminary Phase

Before attempting this problem, it was necessary te find some means
by which the various fatty acids might be added to the cresm most suc-
cessfully. It was desired to keep the condition of the e¢ream as near its
natural state as pouiblg, and yet, obtain a thorough distribution of
the fatty acids. Several methods were tried but only the one which
proved most successful will be described here,

Fresh sweet creem of good quality was standardized to 33 per cent
fat and pasteurized at 145° F. for 30 minutes. It was then cooled to
70° F., inoculated with lactic acid ferment culture and incubated at
room temperature until the titratable acidity had resched spproximately
0.80 per cent. Formaldehyde was then added at the rate of one part
formaldehyde gas to 2,000 parts of cream so that further action of
microorganisms would be reduced to & minimum.

The oream was then divided into 10 portions of 75 gm. each. One
portion was used for each of the nine fatty acids studied and one was
carried through as a blank determination. A definite amount of each of
the fatty aclds was added to the sample of cream provided for it. The
acids were first added to portions of filtered, low acidity butterfat
equal in weight to 10 per cent that of the sample of cream to which it
was added. In this case 7.5 gm. of fat was used. Twice this smount
(15.0 m1.) of distilled water was added sc that the mixture would be 33
per cent fat. Before mixing, the portions of fat containing the fatty
acids, the distilled water and the ocream were brought to 175° P, in a
water bath. This temperature was used because it is well above the

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



highest melting point, Immediately after mixing the water, fat and
cream, the mixture was run through a small hand emnlsifier. The samples
were then incubated at 113° F, for 18 hours. At this temperature the
butterfat was in a liquid state and it seemed that a thorough distrie
bution of the fatty aeids was obtained.

At the end of the 18-hour incubation period, the titratable acidity
of each sample of cream was determined. The samples were then cooled
and churned, after which, the acldities of the buttermilk and fat were
determined. The fat was prepared for the determination of its acidity
by first, melting the butter in en incubator at 113° F. and then aspi~
rating off the fat into filtering apparatus, Filtration was also carried
out in the incubator at 115 F.

The data obtained in the preliminery phase are given in table I.
These data were used for calculating the amount of each fatty acid to be
added to the cream of its respective series. After ripening, the per
cent acidity of the cream was 0.84 and the acidity of the fat was 0.7.

Table I shows that the calculations for lauric acid were a little
highe This was adjusted before the major part of these experiments was
begun. The amownt of butyric acid added and the effect it had upon the
acidity of the cream are significant as will be shown later.
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Table I
Results of a Trial to Determine the Amounts of the
Various Fatty Acids Needed to Yield the
Desired Fat Acidity

(The fat aeidity caloulated for each sample was 6.0)

“Semple : Fatty 1t Grams seid : Acidity ¢ Fat
No. 3 aeid s___added s of cream : acidit
1 sblank 1 0,000 ” ' oTL.
 : tbutyrie 1 0.818 3 1.35 : Ted
3 1Caproic 3 OeB00 : 0.89 : 8.0
e

seaprie 3 . ] . % .
6 slauric s g?éﬁ s 0.88 : 10.5
7 tic 1 0.466 :  0.88 3 Teb
8 ) tic t  Oebls 3 . ] )
El istearic t  O.b34 ] 0,04 3 T+6
10 toleic +  0.654 s 0.85 T Te0

Experimental Fhase

The cream used in the experimental phase of this problem was of the
same quelity as that of the preliminary phase and was treated in the
same manner. Since only one fatty acid was dealt with at a time, no
divisions of the oream were made before the addition of this acid. The
caloulated amount of the desired fatty acid was added to 2,400 gm.
samples of cream in the same manner as described under the preliminary
phase.

At the end of the 18-hour inoubation period, the mixture was di-
vided into 24 cne~hundred-gm. samples. Eleven of these samples were
neutralized progressively with caleium hydroxide while 11 cothers were
neutralized in the same mamner with sodium carbonate. The two remaining
samples were taken through the process as blank determinations. The
calculated points of neutralization were 0.75, 0.50, 0.40, 0.35, 0.30,
0.25, 0.20, 0,15, 0.10, 0,05, and 0.00 per cent, All naitralizations

were carried out at 90° F. and the samples were held at this temperature
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for 15 minutes before pasteurization, The lime neutralizer used was
a 12 per cent calcium hydroxide and water mixture; the soda, & 10 per
cent solution of sodium carbonate. These an-thn strengths of the two
neutraligers cannonly recomended for commercial practices, The
semples were pasteurized at 145° F, for 30 mimutes,

During neutralization and pasteurization, all samples were held in
the same water bath. The bath was equipped with 12 small agitators of
the same design. They were driven by the same force; a 1/50 H, P,
variable speed electric motor,. Some 1dea of this machine mey be
obtained by referring to figure 1 which is an actual photograph of it.
Figure 2 is a close up view of one of the small agitators. This machine
proved to be very efficlent in this type of work., It was designed by
members of the staff and the suthor.

After neutralization, titratable acidities of each sample were de~
termined. Thoy were then cooled and churned. The churning was done on
a small experimental churn which was designed for holding twelve 8 oz.
jars. Figure 3 is an actual photograph of this churn. It consists of
the base of a treadle type sewing machine in an inverted position. The
!‘!'m. for holding the jars in position is mounted on the treadle. It is
driven by a small ‘nrhhlle speed electric motor., This machine was also
designed by & member of the staff.

Duplicate runs were made on the butyric, ceproic, caprylic, lauric,
palmitic, and oleic series. The results obtained in the duplicate series
in each case checked very favorsbly with the results of the original
series. Since good checks were obtained in those series on which dupli=-
cate determinations were made, and since & comparatively large number of
samples were run in each series, duplicate determinations on all series



Figure 1

Water Bath and Multiple-agitators for Handling 12 Samples




Figure 2
Cleoseup of Ome of the Agitators Shown in Figure 1



Figure 3

Small Experimental Machine for Churning Several Samples
at the Seme Time

71
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were not made. Durthermore, sll aclids on which duplicate runms werc not
sade reected in the originel runs very similar to one or nore of the
acids on which a duplieste run was mace.

Arnother phase of this problem consisted of an oxperiment in which
2 mixture of the nine fetty ncids considered in this problem wes used.
Tho anount of sach fatty acid tc use was calculated fram data ¢ited by
Rogers (12). Since these nine fatty acids do not comprise sll the fetiy
aeids of butterfat, the sum of their percenteges does not total exmctly
106 per cent. Bhen converted to a 100-per-cent basis, the following

porcentage for each acid was obbainpd:

Butyrio 3.2 per cont
Caproic 241 per eent
Caprylic C.8 per cent
Capric 1.7 por cent
leuric 6.2 psr cent
Hyristie 2642 per cont

Palmitiec 15,8 per cent

Stenric 1545 per cont
Oleic 3.5 per cent

The fatty sclds were weighed out and heated together until all the
erystals were melteds Fiftesn mle of this mixture wns them transferred
by mosns of & hot pipstte te low acid butterfat esusl in weight to 10
per cont that of the sample of ¢reem to which it was to be added. The
fat conteining the mizxture of seids was added to the cream in the same

a2

menner &8 has elready beon desoribsd for adding tho fatby acids to the

erean sumples.
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Determinations

The following determinations were made on all samples of each
series:

1, Original acidity of the creanm,

2+ Acidity of the cream after ripening.

3. Fat acidity of original cream.

4, Fat acidity after ripening,.

5. Fat acidity after addition of fatty acid.

6. Acidity of cream after neutralization and pasteurization.

T. Acidity of buttermilk.

8. Fat acidity after neutralization and pasteurizatien.

Observations were made throughout the entire procedure and all
irregularities such as oiling off, difficult chuming and other
umatural characteristics were noted. Comparisons of the flaver and
odor were made between samples of butter of the same series at various
stages of neutralization with the same neutralizer. Seamples of the same
series that were neutralized with soda were compared with those that were
neutralized with lime. The fat acidities were determined by a slight
modification of the Aleoholic Potassium Hydroxide Method (A) of Bird and
Breazeale (3). Ten gm. of fat were weighed into 125 ml. Erlenmeyer
flasks. Twenty-five ml., of petroleum ether, 10 ml. of absolutel alecohol
and 10 drops of alcoholic phenolphthalein were added and the titrations
were made with N/10 potassium hydroxide in absolute alcohol, Tne first
definite color change was taken as the end point.

Fat acidity is expressed as the mmber of milliliters of normal
potassium hydroxide required to neutralize the free fatty scids of 100
gne of filtered fat using phenolphthalein as an indicator. This meaning



will be implied when the term fat acidity is used throughout this

theglis.
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DISCUSSION OF RESULTS
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The aim of this thesis is to present data showing the resistance

offered to neutralization by individual fatty 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 neutralization and the effectiveness of the two

neutralizers in the

reduction of these acids 1s in order, a brief review should be made of

sane of the physical characoteristics of this group

of fatty acids.

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

(12), gives some of the more important physical characteristics of these

acids. It will be noted that butyric acid is completely soluble in water

and that caproic acid is soluble to the extent of 0.882 gm. per 100 ml.

of water at 59° F. At 212° F., the solubility of caprylic acid is 0.25

gne and capric is 0.10 gme per 100 ml, of water, lLauric acid is very

slightly soluble and the remaining acids are insoluble in water.

Table II

Same Physical Constants of the Nine More
Common Fatty Acids of Butterfat

1 Melting : Boiling :  Golubility in
Aoid 3 int 3 int 100 ml. water
[+] H s 1 - m
roic i lé.; Fo & 5 g 882
3 1 ¥ §
Capric : 88.3° F. 3 514.4° F. 30.10 gm. at 212° F,
lauric : 110, . 3 572,00 F, ivery sl. soluble
gﬂl ic @ . o 3 =mmme-we 3ingoluble
1nitic : 145,40 F, § =——ew=== ginsoluble
Stearic 3 . e §| ===w=—-= 3ingoluble
Oleic t 060eB0 ¥, §| ==wm——== tinsoluble
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Large amounts of butyric acid were required to increase the acidity
of the fat in the butyric series to a point comparable to the peints
used in the other series. Table III shows that the addition of 23.0 ml.
of butyric acid to 2,400 gm. of cream increased the acidity from 0.70 to
1.35 per cent while the acidity of the fat was increased fram 1.0 to
5.7. This table also shows that caprolc acid increased the acidity of
the cream from 0.82 to 0,85 and that all the aeids of higher molecular
weights had little influence upon the acldity of the cream. The mixture

of fatty acids slightly increased the acidity of the cream to which it

was added.
Table III
Results of Adding Definite Amounts of Fatty Acids
to 2,400=Gram Samples of Creanm
Reid s i Acidity of oreem i Aoidity of fat
_odded 3 JAmount s Before : After : Before : After
6 1 25.0ml, ¢ 0,70 ¢ 1,36 1 1.0 & 5.7
roic 13 19.0 mle 3 Ooa_i 0.85 H 0._! 5 _5_.8
1ic 1 9,0ml, : 0,00 t 0,890 : 0.8 3 8.0
apric 1 10,0 ml. & 0,85 ¢ 0.86 3 0s7 3 740 _
Laurio 1 :t%.ﬁ ) 0.% 1 0,80 1 0.7 1 7,0
&giltdi.c : 12.0 s $ Os 1 Oe t 0.7 3 ios
Pelmitic s 17.0 Ei. T 0.89 1 0,90 1 0.6 & 7.4
Stearic 1 14.0 8t 0s90 ¢ 0,90 s 0.7 3 6.4
Oleic 1 19.0ml, 1 0,80 1 0,80 & 1,0 1 6.2
Mixture 3 15.0 mle @ 6.5 H OQE 3 . 3 m_

Data obtained by Ferg (5) show that when butyric acid was added to
cream at the rate of 0.5 ml., to 100 gm. of cream, approximately 80.0
per cent of the geid went to the water phase and approximately 20.0 per
cent went to the fat phase. This is, no doubt, due to & close physical
relationship between this acid and water. His data dencte that the
affinity of butyric acid for water is about four times as great as it
is for fat. In working with caproic ascid, Ferg (5) found that when

Q¢S5 ml, of the acid was added to 100 gm. of cream 77.4 per cent went to
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the fat phase and 22,6 per cent went to the water phase. IHe also found
that approximately 96.0 per cent of caprylic and capric acids went to
the fat phase, All of the remsining fatty ecids used in these experi-
ments were found to go completely to the fat phase.

An analysis of the data obtained from the experiments of this problem
revealed that certain of the fatty scids reacted to neutralization in a
very similar manner. Since this was found to be true, the acids were
divided into three groups so as to simplify the discussion of the results.
These groups are as follows:

Group I - butyric and caproic.

Group II = caprylic, capric, lauric, myristic, palmitic and stearic,

Group III - oleic.

Comparative Resistance of the Fatiy Acids

The date herein presented show that the resistance offered to neutral-
ization by both the fatty acids of Group I was slight. Figures 4 and 6
and table IV show that caprolc acid was @& little more resistant than
butyriec.

Figures § and 7 and table V should not be considered in a compari-
son of the resistance of butyric acid because the acidity of the cream of
this series was sbout twice that of the other series, These two figures
are intended to show the comparative resistance to the various fatty
acids to different fractiomal parts of equivalent weights of the neutrale-
izers. Since the titratable acidity of the cream of the butyric series
was about twice that of the other series studied a much grester amount
of neutralizer was required to reduce this excess acid. Thus, it was
impossible to compare the resistance of butyric acid with the other acids
with regards to the amount of neutralizer required.



Table IV

Per Cent of Fatty Acids Neutralized at Various Points
of Neutralization of Cream

t Original Points of neutralization of oream
Fatty 1 esoidi s Alkali : 0.50 3 0,50 t 0e25 § 0,20 § 0.15 3§ 0.10 3 0.06
acids s Cream 3 ﬁ? £ ~Per ccnt of fatty scids neutralized
f 3 s Ca.(OH 155.2 167¢8 171e4 370, 180,06 104.2 : 09.9
Butyric , 1.36 ; 5.3 ;o009 161e4 8720 180sD 108e1 307e2 30846 1 91.0
: 3 1Ca(0H)o 186,68 3727 175.8 1803 87.9 3 95,5
Caproic , 0485 ; 6.6 ,Fa.C0, 80.5 171e2 181,080 186,28 100¢4 1080 1 D845
' : 1Ca(O0H)o 12142 147.6 158.6 178.,1 185.4 1 93.6
Caprylic , 0.90 , 8.0 ,F5o55, 112,56 184,] 14744 165e8 181e80 10848 1 91.0
' s 3 Ca.( OH). 22,9 1 9.7 124.3 134,35 64,3 78,2  9l.5
sk Whiced Bl 70 128.6  147.2 1645 181,56 1915 1 9249
' : s Ca.( OH)o 2.6 119,65 144,0 158,56 177.5 183.2 : 90.1
aurie , 600, 70 piNE 126,6 160,1 170,56 181.8 18646 1 90,0 _
' : 1 Ca(0H)g 3120 3847 381le3 3773 88,7 1 94.7
Uyristlc ;, 082 , 75 |J5°00a 008 12108 340.0 157e8 t77.8 10647 1 8942
3 : 1Ca(0H)s ] 146,8 162.6 178.,0 183,56 1 91.6
Palmitio , 0,89 , 7.4 TG00, 106.8 180,00 t0745 101e4 1 02,1
] H 1 Ca(0H)so 137,55 342,2 176,0 87,5 1 92,2
Stearic ,; 0,90 , 6.4 ,Tig500g 130,1 169.1 179,48 87,5 & 91,0
' 3 1Ca(0H)s 116e2 150s1 15240 16645 1 BB
Oleio 080 & 6.2 ' 50s 117e0 10840 14842 16845 1 T0.8
' : sCa(0H)s 127.8 136.4 152.5 1681.8 3 79.2
Mixture [ 0,86 ' 6.3 )% 111.? 148, 158,0 161,90 176.1 1 2.4

12



jo0

80

70!

.

£
o

Pey cent redu

W
=]

ien
-
T

Fi 9 4.— Per Cent Reduction of Fat Aciali{:u, in Cream COn{aininq Known Added FT::HL1
Acids When the Titratable Acidi’cul Was Decreased |:>L1 the Addition of Calcium H\.,droxide

jeo

Per cent reduction

Eszssssszsisssss B"d"'fr;"f' - - —— — — - - = I — 480
Caproic o )

——— Caprylic Wi : ':' I '
IS E“P'F —| . I
------ auric A o LKA B |
= = Mqualb | [ S - - i r - - F_ I | . 'li J: . - &)
— +—i| Palmitic ™ J_ ‘ 3 |
=—=————1 Stearic ANE | it
=i = Olele . o u -]- || T | y T .

Mixture = ek - Y e Xiiin ,{ 1T ST e
i ! -l =1
— e 'T i ‘
AT e R ] TWT I‘ t :: s . ]:1 =
.:- L I |I. 1| I i |
it 4 i R R R
U |‘p I e T 4 b .' 1
a1 ﬂ_ I. H I il I‘I ]: 1‘ L ! i '
:;___I 1] B 1] rH' 4 ol |11 W0 | J | b 40
' T |.l il' = . .'I il ) i |
:I H - -T"r'I [ ;: A d ! | [
L'r L0 1Y 5 1 - L = 11T Ll
ey ', Hﬁ ] rll J %II I ':' ‘” A T | T II =
| il il l' JH I
JofHHl | ] ] A LA Tl L UL L
[T AT - f L AL J 1| !.
i I Wk il ilnt |
i ‘:' Tl ! ! 1ll ¢ o - ; et ,|Jt. _I. o :' I 4= Ii 0
1t BT | ]— [[.IF:"‘“" {l T
1! T J‘—[~ lillu'l Il 111150 0 1 Ll LN Tl 2
Y - o AN —u T o 0 D il il e - ¥ e T o —
50 25 20 A5
Per cent aliaiT ot cCream




Jo

460

wn
O
reduction

|

5

o

c ent

Per

110

100 % TR R
2 " O Lo et 3 S shade ol
'Il ]; :
~ —_ = Fi = ; < I . ™ I.I ' l
| = kauric | o L e e I =§§ o ) 3 | g il
Bor—1 I — ——1 Myristic | | TR HH - Iif1 I ;
'. ! IR, Palmitic g E [T i M
[ 'l ———— Stearic T [k "' i 'l' T —
. —_— | ——— | 1 . I+ saw = i Vo
7ot e - i Tt it
o= HH ' i : ) | [
1 n (| U
i t22 = Al . ;
boi— - W EEE :EE T m— | '_'T ']V | |I= H 4
- ¥ 1N L ] ki B I ; =TI
188 ! ‘ = s 'l
S = Ll T . ' s A
EEE II| ; HI | I é% 1y ]
i ! Sl 22 WL
gz: I i 15 l : ' : FE (4 : ~
H i Wt i — =ees 1NN W I
: i £ A " I \ | = ] I ;
i - B = ; 2= ) N 210 K8
£ i 0 g by il 0 il i 222 1 W !
it e I | XM MR ==
£ T ¥ A Il =L
T L T H AT LT N THTRRIDH £ 0 Tl
HH o ; a5 5 Il i ; I.I i 1 L . : B | ||| 1
T i H 1 I' i !I '| lj,:j | i!l P | HIX llI i ll, . T T A

— W Y e S z = = = N, Sl i R T
.002 o4 006 .008 0010 L0012 0014

3 Esuivalfnt ot Alkali

Ficl. 5— Per Cent Reduction of Fat Acidi‘tul When Fractional Parts of Eauivdhnt Weiqhts of Calcium
Hu‘droxide VWere Added to (00 Grams of Cream Con'l:ainihcl Khown Added F_a'H:Li Acids




Table V

Per Cent of Fatty Aeids Neutralized by Equivalent Weights of
Alkeli When Added to 100 gme Cream

s Original ' f hnlont wel of alkali
Fatty : acidi ¢ Alkali 3 O. T O, 310,001010,0012 ¢ 0,0014
acids i Cream i Fat i TPer oant of futty acids neutralized
' ' 12244 108s0 1070 17840 179.4 192,1
Butyrie ,; 1.35 , 5.8 124,09 15745 165,0 s?§.4 187.0 19040
! 3 141,86 170,56 182,8 187.4 191.3 195.0
Caprole , 0.85 , 6.6 1507 18040 18645  300.,0 102.1 19247
H : 1 4,1 313.0 328,3 l52.3 171.6 l“.e
Caprylic ; 0,90 ; 8.0 118e6 127¢5 14648 15840 170.0 $87+8
: ! t 3¢4 115,68 328,2 1347,6 368,7 191,65
Caprie , 0,85 , 7.0 111,0 1807 100.8 80,0 18be2 391,0
: : 11le4 119,2 29,1 157.8 76,8 189.2
Lauric , 0.80 , 7.0 120,0 182,1 14746 1708 184,0 18946
] H 1 8.7 |16.2 122.5 161.0 lslo'? 19‘.7
Nyristie , 0.88 . ToB 118,1  140,0 1672 181.8 187.0 1856
; ! 110s1 317.9 35,6 72,3 :81.0 94,9
Palmitic , 0.89 ; 7.4 126,58 157+4 175s0 182.4 ‘6}1&. 19240
8 1 t 543 11644 12642 14742 16643 189,1
Stearic , 0,90 , 6.4 $16.1 3275 162.0 377+2 18846 190.0
' ' t S0 1 5.8 3 Tul 1122 184, $188.9
Oleie ; 080 , 6.2 i Deal 322.0 42,0  :51.8 337:g' 3700
: 1 $ BoT7 32648 146,56 158.3 166.9 1768
Mixture g 0.85 . 6.3 s

5.0 3 940 149,0 15648 6740 178,28

Ve



—_—— 0t

0 R
IBEIBOBORRELINI
8 O |

100

2 3
o P4 Judd  4ad

60

Cream

of

OQr:htT

9 6.— Per Cent Reduction of Fat Acidihi in Cream Containinq Known Added Fc':{{xi

cent

Fi

Acids When the Titratable Acidihj Woas Decreased bLi the Addition of Sodium Carbonate




“o1}INPD & ueo 4e4

° o Q o o] < Q o
S & o ~ 9 o o ¥ ~ o o
! |
~ _ s 4
j=1 | ! [ | | | | | |~—
—— I — — —
L S = = = = = =) = = = = s e BT e Yo Sl ~ == ——as.= S
[P W— 4 g — | —t
———— =+ = - — —— — —
S I It S R R et Lk =6
— - —— - ————— e — — m— p—— — - — - — — - — . — p— ]
—..|||i||llllul e e e e L e e e e |
E = = —— ] == = =
T TIT TTIT T IO TT sme T T
B L L L L L L L L L L el ] 1 IBOEREAINONAEEDEST

|

[

|

|

I

[]

|
000

e 25 ' = - - — — = —

L LI TIT IITTITTITTT "
J 1 1IT1TTl B LLELL T L L L

[
| _
. Sl = SEE
L e
_ |— — b — = ] ——— — = ——
T el — | pp— = ;. —— i
| === . — —— | — _ =
= o
Q
(msnesssmpiaBNABRawInS & &) ......__1—|.-1.
(B ISPRENHEII SRS RENIEE @S I mEIEmEEAEA
_
[
| |

' l.l
|
I
r )
y
006

bt L L L LI LIT Y S ]
1 T

004

ure

aprqlft
Palmitic
Stearic
Olel«
Mixt

Louric
Mqristl'c,

&
4 Capric

U 9
L0
a
e
s B
MmO

==

[issemeurenmenrinsEESEmE .
T LILIEL LT DL :..4,_..:.%“‘ b

64
40
30

Uenonposa 3JuUad 424

Alka |

oT

Equivalent

-

F—ic,. 7.— Per Cent Reduction of Fat Aciditul When Fractional Parts of Eauiv::lent Weights of Sodium

Carbonate Werve Added to |00 Erams of Cream Containinq Known Added F_c:ttq Acids




27

The high aeidity of the butyric series was due to the greater
affinity of butyric acid for water than for butterfat. Large amounts of
this acid had to be added to the cream of the butyric series in order te
inerease the fat acidity to a pcint camparable to the points used in the
other series, To overcome this condition, the author considered the
possibility of adding butyric acid to low acid cream, but in so doing,
the cream would not have been given the same treatment as it was in the
other series. It was then, decided to treat all samples as near the
same as possible.

When the fat acidities of the butyric and caproic series were
plotted against the acidity of the cream at the various points of neutral-
ization, straight diagonal lines were obtained until low acidities were
reached. Figure 8 which was plotted from the data of the caproic series
is e representative curve of the acids of group I. This figure also
shows that the resistance offered by the acids of this group was very
slight.

The acids of group II resisted neutralization mueh more than the
acids of group I. This resistance varied somewhat between the acids, but
this variation did not follow any set rule. In all series, little
reduction of these secids took place until low titratable acidities of
the cream were reached. At 0.25 per cent acidity of the cream, only
two of these acids were reduced as much as 50,0 per cent., In general,
at 0.15 per cent acidity of the cream, B0.0 per cent of most of these
acids was reduced. This is significant. because 0.15 to 0.25 per cent
acidity is usually considered the normal range of neutralization of cream
for butter making. Table Iv and figures 4 and € show that the most rapid

reduction of the acids of group II ocscurred from 0,35 down to 0.15 per
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Figure 8, ZEffect of Neutralizatian of Creamw Caleimm Hydroxide
and Sodium Carbemate Upon Fat Acidity Which Was & by Addition
of Cappoic fecid,

cent seidity of the eream, Mgure 9 was plotted from the data obtained

' in paimitic series, but it is represenbative of the type of curve that

all the scids of Croup II present., It will be noted that & sudden

drop in the curve takes place at epproximately 0.35 percent acidity of

the eroam &nd continues to drop rapidly until approximately 015 per cent

seldity of the eroam is reached, Roughly 70.0 per cent of these scids

ave reduced within this 0,10 per cent drop in the aeidity of the croame
Oledic acid offersd the greatest resistance of all the ecids

used in these exporiments. It will be noted from Figure 10 that only

a smll part of this ceid was reduced before 0.20 per cent scidity of the
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Figure 9, Effect of Hs';rtralimtiun of Creem With Caleium Hydroxide
and Sodium Carbonate Upon Fat Acidity Which Was Increased by Addition
of Palmitic Acid
cream was reached. According to Rogers (12), oleic acid comprises an
average of 31.895 per cent of the fatty acids of butterfat. A compere
ison of the resistance of oleic acid and that of a mixture of acids
used in this problem (mixed in proportions based upon the averages found
by Holland ete al. (10) to oceur in butterfat) indicate the great ine
fluence of oleic acid upon the resistance of the fatty acids ae a whole.
This mixture was approximately 4.5 per cent oleic acid.
Comparative Effectiveness of Calcium Hydroxide
and Sodium Carbonate
Chemically pure calcium hydroxide and sodium earbonaste were the two

neutralizers used in this problem. These two neutralizers were chosen

because they are representative of the two types of neutralizers in
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Percent acildity of cresn
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Figure 10, Effect of Neutralization of Cream With Culeium Hydroxide
and Sodium Carbomete Upon Fat Acidity Which Was Increased by Addition
of Olede feid :

gemeral comercial use. Gould and Towmley (9) made a rether ox-
texslve study of the effectiveness of several types of commereisl
neutralizerc upon the reduction of the fatty acids. They concluded
that, in general, the soda newtralizers were more effective in reducing
fat seidities thrn were the lime neutrelizers at points ebove 0,05 per
cent acidity of the cream. Their date show that a somewhat greater
roreentage of the fatty seids were reduced by the limes than by the sodas
&% the neoutral point in all cases excopt the one in which esustic soda
vas used, The data herein presented agree very feovorably with these
conelusions in cll sories except that of oledie, In this series, the
calojun noutralizer was more officient thon the sods,



Sodium carbonate was a little more offective than caleium hydroxide
in the reduction of the acide of Group I, however, both neutralizers
did well in zeducing these acids, Figwe € shows that sodium carbonate
redused gaproic acid more rapidly then did calciun hydroxide. At 0,30
per cent acidity of the cream, about 12 per cent more csproie acid was
reduced by the soda than by the linme,

A comparison of butyrie and caproic acids of Figure § with the samo
ecids of Flgure 7 shows that both neutralizers were equally efficient
with respect to oquivalent welchtse

The method for determining the effectiverese of the two neutralizers
muummmm-utoamnuﬁtmmmwmnm
aeid reduced by & Imowm amount of neutreliszsr; then to plot this pore
centage against the various frectionsl parte of the equivalent weights
of neutrelizer, This being dome, the per cent of the fatty acid re-
duced by e given fraetional part of an eguivelent weight was read directly
from e cwrves in compiling the data of Teble V. The moleculer woight
of ealcium hydroxide is 74 and sodium carbonate is 106, Since both
seutralizers ave bivalent, tho squivalent weight of celeium hydroxide
is 37 and sodium earbonate, 53.

The difference in the sffectivenass of caleiun hydroxide ard sodimm
carbonate in neutralizing the fatty occids of Croup IT was somevhed
greater than it was in Group I, The sodium carbonate was & 1ittle more
effective in moducing this group of acids within the normel renge of
neutralisation. At the neutral poins, however, the lime was more
effoctive than the soda. mumwmmhmﬂ;mu
roprosentative of all the acids of Growp II,



Table V and Figures 5 and 7 show that in the case of the same
muber of eguivalent weights, the soda was mwh yore effeetive until
large amounts of each neutralizer were added. /e the emounts increased,
the lime becarme more offective on the equivalent weight basis. These
differences are very likely due to physieal end chemical differences
betwoan the two neutralizers; such as solubility in wuter and the ability
to cambine with certain constituents of cream, Sodium cardbonste is
highly soluble in weter while caleiun hydroxide is only slishtly
soluble, Caleium hydroxide combines with cassin in appreciable amounts
while sodium carbomate does not,

In Group III, or the oleic series, sodium carbonate was less
efficiont than caleium hydroxide in reducing this scid, whils in the
other two groupe, 1t was morc officient, From an acidity of 0,10
per cent in the eream dewm to the newtral point, the superiority of
the lime over the soda was very evident, as will be noted in Figure 10,
In the cass of the same muber of squivalent weights, the sodium
carbonate was more effective then caleium Mydroxide in reducing oleic
acid until large amounts of each neutralizer were used, BHven though
the limo was supericr to the sode, its efficiency in the reduction
of this acid was not satisf=ctory gincoe a very small per cent wag ro=
auoed at the lowsr limit of crvesn nevtralization wnder commereisl
conditions,



COMCLUSIONS

Butyric acid offered little resistance to neutrelization by either
ealeiun hydroxide or sodium carbonate,

Caproic acid offered slightly more resistance than butyric zcid to
noutralization, Caleium hydroxids was a little less efficiont than
sodium carborate in reducing this acids

All the satursted fatty acids of molecular weighte higher than
caproic acid that were used in this study offered considerable resistense
to neutralizetion. Sodium carbonate was more effective than caleiwm
hydroxide in the neutralization of these mcids within the normel range
of noutralizations

Oleic acid offered the preatest resistance to neutralization of
all the ecids used in this study. OCslefun hydvoxide was more efficient
in the neutralization of this acid than sodium carbonate.
then sodium carbonate were required to neutrelize the same percontage of
eithor of the fatty scids studiede This is probably dus to the fact
mamwwmmmwwmammuas
whiilo sods doos note

mmmummwamwmm
acids used in this study falls between that of the higher molecular
weizht saturated ratty acids and that of oleie acids This indiecates
that olsic scid is largely responsible for the resistance to neutral-
ization offered by the fatty acids in butterfat.
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