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STUDIES ON TEE OXIDATION OF BUTTER FAT
INTRODUCTION

During storage, substences conteaining fat tend to undergo chemical
changes resulting in objectioneble flevors. The nomencleture describe
ing these flavor defects varies to some extent with different industriese
For example, in the general field of fats and oils the term "rancidity"
designates these off-flavors irrespective of the chemical changes
involved. In the dairy field, however, differentietion is mede depend=-
ing upon the specific chemicel reaction. Here the term "rancidity" is
used to denote only those flavors resulting from & hydrolysis of fatty
glycerides with the ultimete production of free fatty acids, whereas
the terms"oxidized" end "tallowy" are used to characterize those flavors
resulting from the oxidation of the unsaturated fatty acidse

Economic losées resulting from chemical spoilage of butter during
storage has stimulated considerable research on fat oxideation. Inves-
tigators have observed that metals, light, air, acidity of the cream,
salt, storage temperature, and chemical composition of the fat are
among, those factors affecting chemical deterioration of the unsaturafed
fatty acids. The knowledge gained through these investigations has
resulted in numerous changes in commercial practices. For example,
replacement of copper equipment with stainless steel has resulted to
protect the product egainst metel contamination. Also, particular
ettention has been given the protection of fats from excessive exposure
to light end aire Accurate standardization of cream acidity, salt
control, and the use of low storage temperatures are all practiced to

improve the keeping quality of butter.
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Even though many studies have been conducted dealing with fat
oxidation, there are certein phases which are in need of further
investigation. There is a necessity of further studies upon the
development of a simple, reliable, acceleration method for determin-
irg the stability of fats toward oxidation. Also, within recent
years, certain changes in manufacturing methods have occurred due to
the development of new equipment as well as to an effort on the part
of plant operators to hasten the processing procedure. One such
change has been in the direction of high temperature heat treatment
of the cream. In some cases, these transitions of processing procedure
have come about without much consideration of their possible effect
upon the keeping quality of the product during storage. Because of
the incompleteness of available information regarding the influence
of certein of these changing trends in processing procedures upon the
chemical deterioration of the fat, studies in this connection seemed

especially appropriatee
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REVIEW OF LITERATURE

l. Mechanism of Fat Oxidation

Many theories have been presented concerning the chemical
changes involving the oxidation of butter fat. Although there are
differences of opinion as to the first products of oxidation, all
workers are in agreement that the double bonds of the unsaturated
fatty acids are the points of oxidation.

Peroxides: Holm (50), Powick (91), Smith end Wood (112), and
Tschirch (122) believe the first reaction is a formation of fatty
acid peroxides by direct combination of the active oxygen with the
double bonds of the unsaturated fatty glycerides. This reaction

is presented by Holm (50) as follows:

0-0

C-C=C=C= + 02 —_— '
Unsaturated Oxygen =C=C=C=C~
fatty glyceride Peroxide

These workers assume that after their formation, the peroxides then
rearrange into moloxides end ozonides with subsequent formation of
aldehydes, acids, and other substances.

Staudinger (113) and Miles (78) are of the opinion that the
first step in the oxidation process is a formation of a highly
reactive substance referred to as & moloxide or dative peroxide.
Miles (78) suggests that, in eddition, there is a connection
between the energy content of the molecular valence electrons and
the oxidation reaction. The first step in the oxidation is thought
to be & combination of the valence electrons of the fat molecule to

the active oxygen molecule as follows:



Unsaturated Oxyzen
fatty glyceride 0

-CH=CH~ + 0y —_— == CH~
N/

0
Dative peroxide
These unstable dative peroxides are thought immediately to rearrrnge
to form more stable peroxides or other compoundse.

Oxides: Browme (11) sussests a combination of oxygen with the
double bond forming a fatty oxide with e simultaneous liberation of
en atom of active oxygzene The active oxysen is then thought to act
upon the glyceride causing the formation of free fatty acids,
aldehydes, carbon dioxide, weter, and other by productse

Ozonides: Gortner (41) suggests the possible formstion of ozonides
by the addition of ozone at the double hondse This reaction is pres=

entad by Gortner as follows:

-CH=CH- + 0z e=——» -CH-CH= rearrangemeng -CH CH-
Unsatureted v ! '
fetty Ozone O=0::0 O—0
glyceride Ozonide Czonide

These ozonides, since they are highly reactive, will readily decompose
into hydrogen peroxide, acids, and half aldehyde acids. Other workers
(106) suggest the breaking of peroxides into oxides and a molecule of
ective oxysen, the active oxycen then combining with another peroxide

forming an oronide wkich rearranges into acids and aldehydess

Water formation: In a more recent study, Mattill (75) found water

to be en importent oridation product, and presents the following hypo-

thetical equations:

-CHp-CHp=CH~CH- <= -0- — =CH=CH-CH-CH- < H20
) ) 1 1]
0—0 Active 0==0

Peroxide oxysen Unsaturated Water

peroxide
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The new double bonds formed by the above reaction are believed to
undergo further oxidative changes, thus:

-CH=CE-CH-CH= 4 03  =————3  =CH-CH-CH-CE= ——u)

T ? ? t 1 t

0—0 0—0 0—0
Peroxide Oxygen Double Peroxide

-CH-CH-CHO <4 =CHO

o
0=—0

Peroxide aldehyde Aldehyde

The mechanism of fat oxidation has been summearized by Mattill
(75) who states: "No all-inclusive theory of autoxidation can yet
be formulated. Once the obscure induction period is past, events
seem to follow thick and fast in greatest confusion, but like the
devastating speed end apparent disorder of a blitzkrieg, everything
nevertheless goes according to plan. The plan is flexible and is
in part dictated by the events themselves. Further careful study

is needed to indicate what the events are and why they take place."

II. Accelerated Methods for Determining the Stebility of Fats.

Even though meny methods have been devised and used to deter-
mine the relative stebility of oils and fats toward oxidation, one
is yet to be found that is entirely relisble. However, all fat
stability tests that have been used to any great extent are basi-
cally the sames The oxidation is accelerated under carefully
controlled conditions, thus reducing the induction period from
several months or weeks to a few days or even hourse The catalysis

of the oxidation process is usuallf achieved by heat, utilizing
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either a hot 1liquid bath or a hot air oven, although in some
instances some catalyst other than heat may be used; i.e.,
light or metals.

Fat stability apparatus method: One method used in commercial

laboratories for determining the relative stability of different fats
was devised in Swift's Leboratories by King et al (62). In this
method the samples of oil or fat to be tested are placed in to a test
tube which is held in a constant temperature oil bath. Washed air is
passed through the liquid fat at a constant rate in order to maintain
an air-saturated condition in the oile Samples are tested at definite
time intervals to determine the end of the induction period. This
method has been used successfully by Bull (17, 18, 19), Musher (83),
and Stebnetz and Sommer (114, 115), and Freyer (40) reports on the use
of this apparatus in eleven commercial laboratoriese

The precision of the fat stability apparatus to detect the rela-
tive stability of different fats toward oxidation has been a matter
of considerable gquestione. The result of a three year committee study
presented by Freyer (40) indicates that the testing of cooperative
samples in 11 different laboratories by this method gave inconsistent
results. Even by allowling 17 per cent average tolerance of induction
period time, about one-fourth of the laboratories reported results
outside of this liberal range. Four of the laboratories participating
presented consistently uniform data, but these laboratories were among
the first to adopt the use of the method and, therefore, had consider-
able more experience. Two of the laboratories reported inconsistent
results at first, but after using the method for about a year, reported

results that were in agreement with the other laboratories. However,
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two laboratories failed to show acceptable results even after two
years experience. Freyer (40) suggests that the lack of agreement
between the different laboratories was apparently due to insufficient
experience with the method and feels that even though the method is
not perfect and has many limitations it still is the best accelerated
procedure known for determining the relative stability of fats and
oils toward oxidation.

Hot air oven method: Barnicoat and Palmer {4), Bird (8), Dahle

and Nelson (33), and Ritter and Nussbaumer (36, 97, 98, 99, 103, 104)
have made use of hot air oven methods to determine the susceptibility
of fat toward oxidatione. Ritter and Nussbaumer (96, 97, 98, 99, 103,
104) held fat for eight hours in an oven at 104° C. in 10 cm. petra
dishes.s At the end of the eight hour incubation period the peroxide
value was measured to determine the relative stability of the fatse

In their work with the oxidation of butter fat Barnicoat and
Palmer (4) decanted the butter oil into straight-sided crystallizing
dishes. These dishes were then heated in an air-stirred water-jacketed
oven thermostatically controlled at 80° C. for six hours. The alde-
hyde value was then used to determine the degree of oxidation of the
oil. Because of the simplicity of the method, Bird (8) mede use of
an oven method in his studies of the stability of vitamin A-containing
fish oils. In this work he exposed small, fairly uniform samples of
fish o0il to the atmosphere at temperatures above normal. Samples were
taken at intervals from the series and vitamin A determinations made
to determine the stability of the fish oil.

Dahle end Nelson (33) used a 60° C. hot air oven in their oxida-
tion studies of butter fat. Equal volumes of fat were placed into

test tubes which were held in the incubator in a basket. Although
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the temperature of different tubes did not vary as much as one degree,
the induction period of different tubes varied as much as four days.
In this connection, Lea (70) points out that temperature control is
essential in all rapid oxidation methods where elevated temperatures
are used and further states that 1° C. variation in tempersture may

introduce as much as a 10 per cent errore

III. Method of Measuring Fat Oxidation.

Considerable effort has been expended to establish a method for
quantitatively determining the oxidation of fats. In general, it may
be said that a method for detecting fat oxidation should have the
following characteristics: (a) simplicity, (b) reliability, (c)
specificity in reaction, and (d) sensitivity to such a degree as to
detect minute oxidative changes in the fat, if possible, before the
end of the induction period.

Numerous methods have been used to detect the oxidation of fats
and oils but many have failed to conform, even within reasonable limits,
to the qualifications listed above. Among the less satisfactory methods
mey be included tests for unsaturation, the acid value, and the Kreis
teste

Investigations of Brown and co-workers (15), Nelson and Dahle
(84), Overman and associates (87), and Swanson and Sommer (118) indi-
cates that changes in iodine absorption of butter fat expressed as
iodine number do not correlate with initial oxidative changes respon-
sible for flavor changes. However, Swanson and Sommer (118) found
that a lowering of the iodine number of the phospholipid fraction
accompanies the development of oxidized flavor in milk. Briggs (10)

found close relationship between the iodine number decrease and oxygen
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absorption of butter fat. Henderson and Roadhouse (49) show a rela=-
tion between iodine number and induction period of fat from cows on
normal end submaintenance rations. Stebnitz and Sommer (115) show
that, in general, the greater the unsaturation, as measured by
iodine number or thiooyenogen-iodine number, the less stable is the
fat toward oxidation. Wiley and Gill (126) point out that the thiocy-
anogen number, as determined by the usual method, is more inaccurate
than the iodine number to determine the degree of unsaturation.
Attempts have been made by numerous investigators to use the
acid value as a means of detecting the end of the induction period
(6, 10, 125). Generally, these workers have concluded that this
method is not sensitive in detecting the end of the induction period.
The best known and probably the widest used qualitative test for
detecting oxidative changes in fets and oils is the Kreis test. The
Kreis test has been investigeted by Holm and Greenbank (51), Kerr
(60), Kerr end Sober (61), Mettill (75), and Powick (91) with the
conclusion that this test cannot be used as an accurete quantitative
methode. The accuracy of the test for detecting oxidation of fats,
unless the color is examined spectroscopically, i1s questioned by
Taffel and Revis (120) and Mettill (75) beceuse the reaction is not
specific for epihydrin aldehydee
Other methods have been tried but their merits have not been
entirely establisheds Holm (50) used a dye reduction method in his
studies of keeping quality of butter. Bickford and Markley (7) and
Greenbenk end Holm (45) developed methods for determining the rate of
oxidation of vegetable oil by meking use of a fading methylene blue
chloride-fat systems Another method utilized by Clark and Rugg (21),

in working with soy bean oil, made use of & speciel drop-spreading
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pressure method to detect oxidation. It was found that the readings
increased continually with the drop-spreading pressure method,
whereas the peroxide value increased to a maximum and then decreased
with inocreasing oxidation.

Thus far only three methog have been found to possess at least
the major desirable characteristics of a useful method for measuring
fat oxidation; nemely, (a) the peroxide value, (b) the fat-aldehyde
value, and (¢) oxygen absorptione

Peroxide value: The peroxide method is based upon the measure-

ment of peroxides by titration of the iodine freed by the fat in a
chloroform-acid solution. Taffel and Revis (120) utilized a method
for measuring the peroxides in fat based upon the reaction presented
by Lea (67) and perfected by Wheeler (124) into the present commonly
used peroxide method. Greenbank and Holm (47) used a modification of
this method. Much use has been made of this method to detect oxidative
changes of fats and oils (3, 33, 37, 52, 53, 63, 68, 69, 70, 71, 91,
97, 99, 101, 102, 111, 115, 117, 124, 125),

Several workers have found this method to be a desirable means
of determining the degree of oxidation of fats (8, 10, 23, 46, 62,
72, 96, 98, 100, 116, 120). The early work of Taffel and Revis (120)
and Wheeler (124) reveals that reproducible results can be obtained
with this method. Wheeler (124) found the development of peroxides
to proceed eny appreciable change in iodine number of cottonseed or
corn oil during oxidation.

Briggs (10) found that during the induction period of butter fat,
changes occurred which resulted in the formation of small amounts of

peroxides. It was concluded that the estimation of these peroxides
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gave the best indication of the extent of oxidation. Stebnitz and
Sommer (116) observed that the production of peroxides ordinarily
precedes the appearance of a tallowy flavor in the oxidation of
butter fat; however, the tallowy flavor was not always apparent at
the same peroxide value. These investigators believe the peroxide
value to be an excellent criterion of the degree of oxidatiom,
especlally to detect the end of the induction period.

Ritter and Nussbaumer (100) concluded that the best method of
determining the keeping quality of butter fat is to determine the
time required for the peroxide content to reach a value from five to
ten. Lowen et al (72), working with fish oil, observed a close
correlation between increases in peroxide value and the development
of off-odors. Bird (8) found peroxides to develop in fish liver oil
at the same time the vitamin A is destroyed and concluded from this
that either a peroxide or vitamin A determination was a satisfactory
index of oxidatiom.

Others have found limitations of the peroxide method (4, 10, 21,
32, 72). Dahle and Josephson (32) found no relationship betwsen the
peroxide value of stored butter and the score of the butter.
Barnicoat end Palmer (4) concluded that the peroxide test was of
little value when applied to buttere. Studies of Briggs (10) indicates
that the development of peroxides do not correspond well with the
absorption of oxygen. Stebnitz and Sommer (116), Clgrk and Rugg (21),
and Wheeler (124) point out that the peroxide value goes to a maximum
and then, upon further oxidation, decreasese

Fat-aldehyde method: Another determination of fat stability

that has received considerable attention recently is the fat-aldehyde

test, devised by Schibstead (108). This method is based upon the color



intensity produced by rosaniline hydrochloride combining with a fatty
glyceride aldehyde through the SO, linkages Schibstead (108) found
considerable correlation between the oxygen absorbed by butter fat
oxidized at 100° C. aﬂd the fat aldehyde value. These findings are

presented in the following table:

Oxidation of butter fat at 100° C,

Duration of Oxygen absorbed Fat
heating per gram of aldehyde
(hours) butter fat value

o 0 1.2
5 14 74040
10 20 890.0
15 30 9650
20 38 25740
25 - 25840
30 40 1060
35 - 3860

Extreme oxidation in this case resulted in decreased aldehyde values.
Lea (70) states that from the theoretical standpoint the fat aldehyde
test should provide the best measurement of oxidatione

This method has been used by numerous workers in fat oxidation
studies (4, 70, 108, 125). Wiley (125) found fair correlation between
the aldehyde values and the peroxide values of stored butter but
decided that the aldehyde value was the most sensitive in detecting
oxidative changes. In his work with the oxidation of stored butter,
this worker observed that, on the average, low oxidation values were
secured from high score butter and hizh oxidation values for low score
butter, but that individual trials showed wide variations in fate-
eldehyde valuese. Barnicoat and Palmer (4) determined the fat-aldehyde
test to be only an empirical test, accurate to within about five per

cente.



Oxygen absorption methods: Many investigators have used oxygen

ebsorption methods of determining the stability of fats (10,37, 39,
44, 46, 52, 57, 74, 77, 79, 87, 108). Overman et al (87) in their
studies of storage butter found a definite relationship between the
quality of butter and the rate of oxygen absorption by the butter fat.
Greenbank and Holm (44) devised a method, which was leter improved
by Mattill (74) and again by French, Olcott, end Mattill (39) of
autometically measuring the beginning of oxygen uptake. The latter
workers (39) considered samples of fat to have equal stability if a
difference of not over one hour induction period time existed between
the two samplese.

Evans (37), Johnston and Frey (57), Monagehn and Schmitt (79),
and Meyer, Kass, and Burr (77) have used the Barcroft-Werburg apperatus
to study the oxygen absorption of fats and oilse. This method is essen=-
tielly the method devised by Greenbank end Holm (44) with the exception
that & constant temperature water bath is used. The samples are mechan=-
ically agitated and the volume of oxygen absorbed is measured accurately
with carefully gradueted manometers at definite time intervalse.
Recently, Johnston and Frey (57) made a special study of this method
of measuring the induction period of fats, especially at temperatures
between 50° C. end 110° C. From their extensive investigations, these
men concluded that it was possible to measure, with considerable pre-
cision, the induction period of fats at any temperature within the range
studied. A comparison of the induction period of sesame and cottonseed
0ils indicated that results obtained would agree within one to three
per cente Vibrans (123) believes that this method is useful in research
work but will not be generally used as a routine method for determining

the reletive stability of fats and oils.



IV. Influence of Heat Treatment Upon Oxicdation.

Butter 0il: Extensive investigations have been carried out to
determine the influence of a high temperature heat treatment upon
the oxidation of numerous fats and oils (43, 63, 96, 103, 109).

Greenbank and Holm (43) found thet heating butter fat to 100° C.
reduced its keeping quality; the reduction in keeping quality being
proportional to the length of time the fat was exposed to the high
temperature. Schulz and Storck (109) heated butter oil to 90° C.
and found that the oil thus treated kept well in storage for two
years. Kochling and Taufel (63) and Ritter and Nussbaumer (96, 98)
observed that the heating of butter fat from 150° to 250° C. reduced
its induction periods Ritter and Nussbaumer (96, 98) report a
decrease in initiel peroxide vealue of stored fat when heated to
195° to 250° C., whereas, storage of the heated fat caused merked
increases in peroxide value. They suggest that high temperatures
destroy the antioxidant properties of the fat, thereby reducing the
length of the induction period. Ritter and Nussbaumer (103) revealed
that butter oil filtered at 100° C. oxidized less readily than the
same oil filtered at 42° C.

Butter: The influence of heating butter upon its keeping quality
in storage has been investigated by Patil and Hammer (88) and Ritter
and Nussbaumer (101).

Patil and Hammer (88) worked with ghee, & product made by heat=-
ing unsalted butter over a low fire until most of the water is evapo-
rated from the butter, followed by filtration to remove the curd.
These workers observed that ghee made using temperatures of 130° to
140° c. kept much better in storage than other lots heated at 110° to

120° Ce.



-15-

Ritter and Nussbaumer (101) found that at 104° C., butter o0il oxidized
to & greater extent in 8 hours than did butter in 24 hours. This difference
was not due to water since the results were not materielly affected by the
addition of water. Butter fat from properly cooked butter showed slower
increases of peroxide number than butter fat from non-heat treated butteres
The authors believe this difference to be associated with the phospholipid
content of the butter serum which was shown by Ritter (94) to be concentrated
in the serum of the butter.

Milk and Creem: At present, pasteurization temperatures from 62.9° C,

for 30 minutes up to as high as 148.8° C. flash are used in commercisl dairy
plants to pasteurize cream for buttermekinge Numerous workers have discussed
the influence of heet upon milk and cream (12, 13, 16, 30, 38, 42, 48, 58,
81, 90, 93, 95, 105, 125, 128, 129). Hunziker (55) gives a complete discus=
sion of the different types of pasteurizers used for commerciel pasteuriza-
tion of cream.

Mortensen (81) and Guthrie end co-workers (48) observed that creasm
pasteurized at 73.9° and 76.6° C. resulted in butter of superior keeping
quality to lots of the same cream pasteurized at 62.9° C. Wiley (125), in
an extensive study of the influence of pasteurization temperature upon the
oxidation of stored butter, observed that heat treatment does have a defin-
ite influence upon the rate of oxidation of butter in storage. Date taken

from Wiley's work (125) are presented below:



Influence of pasteurization temperature
of cream on keeping quality of butter.

Pasteurizing: Fat alde-:Grade before:Grade after: Acid value :Acid value
temp . © F.*3;hyde value: storage storage :before storage:after store.

Unsalted
150 : 0.2 : 9345 1 89.0 : 0.31 t 0473
175 H 0.03 H 9345 H 9100 H 0.20 H 0620
200 H 0.0 H 93.5 H 91.5 H 0020 H 0620
Salted
150 H 0.8 H 93.0 H 9065 H 0.32 H 0042
175 H 0.13 H 9345 H 91,5 : 0.22 s 0.22
200 s 0.08 : 93.0 3 91,5 s 0.22 s 0022

* All heat treatments were flash.

These results show that the oxidation of the butter in storage, as
measured organoleptically and by the fet-aldehyde value, varied
inversely with the temperature of pasteurization. The marked increase
in acid value of butter made from cream pasteurized at 65.5° C. led
Wiley (125) to suggest that the enzyme lipase may be responsible for
the greater susceptibility of the fat toward oxidation when the lower
pasteurizing temperature was useds Wilson and associates (128) later
substentiated the findings of Wiley (125) in their studies with the
Reid flash, Cooney flash, and vat pasteurizers. Platon and Olsson
(90) observed that flash pasteurizetion at 90° to 96° C. gave butter
with & higher keeping quality than pasteurizing at 80° to 83° C,

In a further study of the influence of pasteurization upon the
oxidation of butter in storage, Wiley (125) compared the effect of
pasteurizing sweet, ripened and acidified creams at different tempera-
tures. The results of these experiments show that the higher tempera-
ture heat treatment reduced the rate of oxidation of the butter in

storagee.
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Brown (12, 13), Fabricius and Bird (38), and iWilster (129) have
made studies of & vacuum processed cream using a machire known as the
"Vacreator." Generally observations have been that butter made from
creem pasteurized by this process, in which the creem reaches a tem-
perature from 88° to 96° C., kept better in storage than did butter
from the same cream vat pasteurized et a lower temperature (38).
Wilster (129) reports that at the end of one month storage,the butter
from vacreated cream had depreciated 14.8 per cent less in score thean
butter from the same cream vat pasteurized at lower temperaturese
Furthermore, after four months storage this same butter from vat
pasteurized cream had depreciated 37.0 per cent more in score than
that from cream processed at higher temperatures in the vacreator.

A summaery of the data presented by Fabricius and Bird (38) shows a
significant difference in flavor score of fresh butter from vacuum
pasteurized cream over the vat pasteurized creem. This seme differ-
ence existed after storage at -17.70° C. for six months.

Roberts, Coulter, and Combs (105), using a laboratory high tem=
perature pasteurization apparatus, pasteurized cream at 126.6° C.
flash and in a vet at 71.1° C. for 30 minutes, and observed no appre-
ciable difference in the keeping quality of the butter.

Several workers have noted that hizh temperature pasteurization
of milk prevents the formation of oxidized flavor in milk (18, 30,
42, 58, 95). To enable a more complete understanding of the increased
stability of milk toward oxidation Gould end Sommer (42) and Josephson
and Doan (58) have carried on extensive investigations of sulphide
production. In their extensive study of the effect of heat upon the

cooked flavor of milk, Gould and Sommer (42) revealed that sulphide
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liberation takes place in cream held for three minutes at 66° to 68° C.
It was found that as the temperature of milk was increased above 80° C.
the tendency toward development of oxidized flavor was less pronounced
while heating to temperatures above 84° C. almost entirely prevented
the development of oxidized flavor. Cooked flavor did occur at these
higher temperatures, the intensity of which depended upon the tempera-
ture of heat treatment.

V. Influence of Certein Metels With and Without Heat upon
the Oxidation of Butter Fat.

That metal ions in milk, creem, or butter will catalyze chemical
deterioration of the products with the production of fishy or oxidized
flavors has been long realized (56, 107). The exact reaction involved
in this acceleration of oxidation is unknown, although one general
suggestion given by Hunziker (55) is that metels may act as oxygen-
carriers forming metallic oxides which come into contact with the un=-
saturated fat giving up oxygene.

Metals in milk and cream: Davies (34, 35), Dahlberg and Carpenter

(29), Krauss and Washburn (65), and Rice and Miscall (92) have investi-
gated the metal content of various deiry products. Davies (35) found
that normal milk contained about 0.5 ppm. of copper whereas pasteurized
milk (34) varied from 0.4 to 4.0 ppm. copper, with most of the samples
exemined ranging from 0«6 to 1.3 ppm. of copper. The iron content of
milk varied from 1.7 to 3.8 ppm. Dahlberg and Cerpenter (29) found
normel milk to contein 0.131 ppm. copper whereas the iron content was
0.379 ppme Krauss and Washburn (65) studied the seasonal variation of

copper and iron finding from 0.14 to 0.17 ppm. of copper end from 0.34
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to 0.53 ppm. of iron. The variations between the figures presented
by different workers may be partly due to different analytical
methods as well as to different sources of the products examined.

Rice and Miscall (92), present date to show that the metals do
not go with the fat itself, although Davies (35) noted that with
special methods of separation there were higher concentrations of
metals in the cream. Davies (35) attributes this to the adsorption
of metals by the complex proteinates at the fat-zlobule surface,

Effect of heat and metals on milk and cream: Barnicoat and

Palmer (4), Brown, Thurston, and Dustman (14), Gould and Sommer (42),
Hunziker (55), and McFarland and Burgwald (76) have studied the in-
fluence of heat treatment of milk and cream upon metallic-induced
oxidation.

Brown and associates (14) and Gould and Sommer (42) have found
that copper added after pasteurization is more effective in producing
an oxidized flavor in milk than adding the copper before pasteuriza-
tion. Gould and Sommer (42) found that when milk containing 1.4 ppm.
copper was heated it was necessary to use temperatures of at least
84° to 86° C. momentarily in order to have a marked retardation of
oxidized flavor development, whereas normal milk showed the same in-
fluence at 76° to 78° C. Brown et al (14) are of the opinion that the
copper combines with the proteins and in this way is inactivated as a
catalyst. Gould and Sommer (42) suggest either that the copper may
combine with the protein that liberutes the heat-labile sulfur prevent=-
ing the liberation of the sulphides at the temperature of sulphide
liberation in normal milk, or that possibly the copper may combine

with liberated sulphides preventing the cooked flavor from being



noticeable until greater amounts of sulphides are liberated. Working
with frozen cream, McFarland and Burgwald (76) found they could pre-
vent the development of oxidized flavor during storage of frozen
cream, even in the presence of copper, by heating to 77.7° C. for 5
minutes.

Metal content of butter: Several workers (35, 46, 54, 59, 127)

have studied the metal content of butter.

Davies (35) found that butter made in the laboratory contained
about 0.5 ppm. copper and 1.0 ppm. iron. It was found by Davies (35)
that the amount of metals entering butter from cream is dependent
upon the curd-nitrogen content of the butter. Keilling (59) determined
the copper content of commercial pasteurized butter and found it to
range from 0.76 to 7.0 ppme The copper content of first grade New
Zealand butter was found by Williams (127) to vary from 0.2 to 0.25
ppme. with the iron content ranging from 0.5 to 1.0 ppme Horrall and
Epple (54) found commerical butter to range from 0.14 to 4.0 ppm.
copper, depending upon exposed copper equipment.

Effect of heat and metals on butter and butter oil: Barnicoat

and Palmer (4) and Ritter end Nussbaumer (98) have investigated the
influence of metals upon the oxidation of butter. Barnicoat and
Palmer (4) observed that the addition of metals (005 to 0.25 ppm. Cu)
to butter granules before working caused no significent increase in
oxidation of the butter. These workers are of the opinion that it is
the oxidation of the lecithoprotein membrane surrounding the fat globe
ule that causes the accelerated oxidation in the presence of metalse
The addition of copper to oxidized butter was found by Ritter and

Nussbaumer (98) to inhibit further peroxide formation especially in
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the presence of heat and light.

Considerable attention has been given the influence of metals
upon the oxidation of butter oil. Barnicoat and Palmer (4), Ritter
and Nussbaumer (97), and Briggs (9) have made studies of the influ=-
ence of metals upon oxidation. In other studies Battie et al (5)
and Smedley-Maclean and associates (110) found catalytic influences
when investigating the effect of cupric salts upon the oxidation of
certain fatty acids. Battie and co-workers (5) observed that the
action of cupric salts are only effective when the substance to be
oxidized is an acide. In an alkaline or neutral solution of succinic
acid little oxidation takes place.

Briggs (9) found thet metallic ions hastened oxidation of butter
fat at 100° C. In their extensive study of butter, Ritter and
Nussbaumer (97) observed that butter conteining 1 ppm. copper showed
greater peroxide formation than the same butter with higher concen-
trations of copper when heated for eight hours at 104° c. Presumably,
the copper not only hastens the formation of peroxides, but also
accelerates the rearrengement of peroxides into acids, aldehydes and
other substances. The addition of more copper to the oxidized fat
further decreased the peroxide value. 1In addition, these workers
(97) observed that copper accelerated the oxidation of butter fat
stored in the dark whereas, the same copper-contaminated fat in the
light, showed slower peroxide formation than the control fat. Later
(97), it was observed that the peroxide content of the copper contam-
inated fat decreased in spite of light, whereas the peroxide value of

the control fat continued to increasee
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VI. Antioxidantse.

Different fets vary in their stability toward oxidation, the
variation being partly due to natural impurities present in the fat
which tend to inhibit oxidation. These catalytic inhibitors are
generally referred to as antioxidants,

Theories of entioxidant action: Maureu and Dufraisse (82) and

Christiansen (20) were instrumental in developing explanations of
the action of antioxidants. The theory of Maureu and Dufraisse (82)
involves the formation of peroxides both from the peroxides of the
oxidized fat end from the aentioxidant. During the same reaction the
oxidized fat is converted into a lower oxide. The antioxidant per-
oxide and the fat oxide then reacts to give the original unsaturated
fat, the antioxidant, and oxygene. According to this theory, the
antioxident should act as a true catalyst, never being used up in
the reaction.

Christiansen (20) presents a theory in which the antioxident is
used up or destroyed during the reactione French, Olcott, and Mattill
(39) also indicate that the antioxidant is destroyed during the induc-
tion period or at least it is not effective during the period of rapid
oxidation. In line with this theory, Christiansen (20) believes there
is a progressive chain reaction with the oxidizable fat reacting with
the active oxygen forming a peroxide. Energy is liberated which is
then passed on causing progressive reaction until thousands of mole-
cules may become involved. In case an antioxidant is present, the
energy liberated from the formation of the peroxide is absorbed by
the antioxidant. Likely, the antioxidant is itself oxidized due to

its increased energy level. Since the oxidation reaction of the anti-



oxidant does not liberate energy, the energy chain reaction ceases.
This explanation would account for the extended induction period in
the case of fats containing entioxidants. Christiansen's (20)
theory indicates that en antioxidant must be a substance easily oxi-
dized.

Evans (37) suggests that antioxidants mey combine with some of
the oxidation catalysts present such as metals, thus preventing their
accelerating effect upon oxidation. French et al (39) believe that
all antioxidants act in the same manner since none are active after
the end of the induction period.

Acids: Numerous acids have been found by Bird (8), Dagneaux

(28), Greenbank and Holm (47), and Lea (69) to show inhibitive effects
toward the oxidation of fats and oilse

Extensive investigations by Bird (8) revealed that hydrochloric
acid as well as dry hydrogen chloride gas greatly reduced the induc-
tion period of halibut liver oile Phosphoric acid was found to re-
duce the induction period slightly whereas acetic acid had no effecte
Other acids studies were maleic, citriec, tertaric, furmaroic, suc=
cinic, sulfuric, and ascorbice. All these showed considerable inhibi-
tive effect upon the oxidation of halibut liver oils, while benzoic
acid showed little influenc;. Greenbank and Holm (47) have shown
that some unsaturated polybasic aliphatic acids, especially maleic,
are excellent antioxidants. Dagneaux (28) found maleic acid to be an
effective antioxident in powdered milke In studies with lard, Lea
(69) found lactic, glycollic, and maleic acids to be moderate anti-
oxidants whereas the polybasic hydroxy-acids, such as tartaric and

citric, were powerful antioxidants. Malonic and phosphoric acids
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were also found to be effectives

Saltss One would expect the action of salts to be closely

ellied to the catalytic effect of the metal ion of the salt. Bird
(8) and Lea (69) have studied the influence of salts upon the oxida=
tion of fatse

The work of Bird (8) with fish viscera oil indicates salts cane
not be used as antioxidants, since all salts, except sodium sulfate,
showed destructive effects on the induction periode The degree of
reduction of the induction period depends upon the metal ion of the
salt, with cobalt, copper, calcium, magnesium, tin, and iron being
the most destructive. Lea (69) found that sodium citrate and sodium
malonate acted as powerful antioxidants in lard.

Bases: Alkalies are generally believed to cause a decreased
stability of fats. Bird (8) found that en aqueous solution of alka=-
lies materially reduced the induction period of halibut liver oil,
but that dry alkalies had no destructive effect. This author believes
that dry alkalies do not destroy the natural antioxidants present in
oil, thus indicating that the destruction of the antioxidant sub-
stances is associated with the aqueous phases

Proteins and emino acids: Briggs (9) and Lea (69) have noted

that proteins exert antioxygenic influences upon the oxidation of
fats. Lea (69) has demonstrated that some of the aliphatic amino-
acids (glycine, asparatic and glutamic acids, and asparagine) are
powerful antioxidants. Corbett and Tracy (25) observed that when
condensed skim milk was added to cream to make a milk of four per
cent fat, the tendency to develop an oxidized flavor was reduced.

These workers suggested that some antioxident was liberated from the



milk protein during the condensing process which acted to prevent
oxidation. Later Corbett and Tracy (26) found tyrosine and the more
soluble esters of tyrosine to be effective in preventing oxidized
flavor in milk in concentrations of 0.02 to 0.04 per cent. DNormal
amyl ester of leucine was also an effective antioxidant whereas
glutamic acid gave no protection. Both of these compounds produced
objectionable off flavorse

Phospholipids: Dagneaux (28), Dahle end Nelson (33), and Ritter

and Nussbaumer (99, 101, 103) have observed that certain phospholipids
exert a retarding influence upon the oxidation of fatse

Lecithin was originally believed by Evans (37) to have an anti=-
oxygenic effect. Later, it was found by Ritter and Nussbaumer (101)
that lecithin had little or no retarding effect upon oxidation; but
that cephalin, an impurity in most commercial lecithin, showed strong
antioxidizing action. Ritter and Nussbaumer (99) observed that butter
phosphatides from buttermilk powder retarded oxidation of butter oil,
Further investigations by these workers (103) revealkd that filtering
butter at 100° C. gave butter oil with higher keeping qualities than
filtering at 42° C. This difference was thought to be due to the
regulation of the amount of phospholipids in the butter oil carried
by the water content of the filtered butter oil,

Thurston et al (121) believe lecithin to be responsible for the
oxidized flavor of milk rather than the butter fat, and Swanson and
Sommer (119) found the phospholipids to be oxidized when the milk
possessed an oxidized flavor.

In an attempt to determine the active fraction of oat and soy

bean flour Dahle and Nelson (33) found that the phospholipid fraction
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showed considerable antioxygenic propertiese.

Carotene: Considerable discussion has been given the influence
of carotene and vitamin A upon the oxidation of fats and oilse Bird
(8), Dagneaux (28), Monagehn end Schmitt (79), end Olcovich and Mattill
(86) have made studies of the influence of cerotene end vitamin A upon
the oxidation of fats and oils.

Monagahn and Schmitt (79) found thet carotene inhibited the
oxygen uptake of linoleic acid during the induction period, but after
oxidation began, the oxygen upteke was accelerated. Dagneaux (28)
states that carotene acts as a slight inhibitor toward oxidatione. Con-
trary to these findings, Olcovich and Mattill (86) found carotene to
act es a pro-oxidant end Bird (8) observed that vitemin A acts as an
oxicdation catalyst in fish oils, the accelerating effect depending
upon the concentration of the vitamin A.

Enzymes: Recently, enzymes have been used as e means of prevent-
ing oxidetion of milk. Anderson (1), Corbett and Tracy (26), Doan and
Miller (36), end Nelson and Dahle (85) report the use of trypsin to
prevent the development of oxidized flevor in milke Doan and Miller
(36) suggest that the enzyme acts upon the milk proteins liberating
reducing substances. Contrary to this opinion, Nelson and Dahle (85)
believe the protective action comes from the action of the enzyme upon
the fatty materisls rather than upon the milk proteinse

Avenex: More emphasis has been placed upon the use of Avenex, an
oat flour product, than upon any other entioxidant used to retard the
oxidation of fats and oils. Investigations by Peters and Musher (89)
indicate that the oxidation of lard, cottonseed oil, castor oil, corn

oil, and soybean oil can be retarded by Avenex. Conn and Asnis (23)
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show that it is possible to inhibit oxidation of the fat on potato
chips by dusting them with five per cent of their weight with Avenex.
Lowen &nd co-workers (72) observed oxicdetion of fish fats to be re-
tarded by oat flour, but not to as great en extent as in the case of
lard or vegetsble oils. During their work with frozen cream, MNaack
and Tracy (73) observed that en oat flour content of 1.5 per cent
protected frozen cream from developing an oxicized flevor.

Corbett and Tracy (24, 26), Corbett et 2l (27), end Dahle and
Josephson (32) have studied the spplication of Avenex to cream to
prevent development of oxidation in butter. These workers found that
oat flour prepsrations retarded the onset of oxidation, but did not
prevent it. Corbett, Tracy, end Hensen (27) observed that adding
Avénex concentrate to sweet creem at the rate of 0.15 to 0.3 per cent
of the fat retsrded the development of oxidized flavor, but did not
prevent it entirely. They noted further, that the addition of Avenex
concentrate to second grade cream was of more advantage in improving
the score than adding it to first grade cream.

Combs, Coulter, and Whitmen (22), Dahle and Josephson (31), and
Koenig (64) have compared the use of avenized parchment with standard
parchment wrappers for protection of butter prints from oxidation.
These workers found that the avenized parchment exhibit protective
action ageinst oxidetive changes especielly at the surfece of the
butters

Dahle and Nelson (33), Musher (83), Ritter and Nussbesumer (99),
and Schulz and Storck (109) found that oat flour preparations added to
butter oil retarded oxidation of butter oil in storage. The following

data are teken from Musher's work (83):
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Effect of Avenex in preventing oxidaetion of butter oile*

Treatment Stability (hours)
Control butter 01l eecececcccoccccoceccccccscce [
Plus 1% AVENEX ececcessscscccceccccccscccscncce 9
Plus 2% AVENEX eesescecsecccecosssccsscscocccansce 10.5
Plus 5% AVENEX evcececseccecccssescsecsvsveccocsoe 14,0

* As determined by fat stability apparatuse

The butter o0il used in the above trisl shows an abnormelly short induc-
tion period as measured by the method used. However, the same general

trend mey be expected with normel butter oile



SCOPE OF INVESTIGATION

Because of the need of further informstion regarding factors
that influence the oxidation of butter fat, this study was conducted
with the following intentions:

l. To investigate the methods of determining the stability

of fats,

2. To study the influence of heat trestment of (a) cream,

(b) butter, and (c) butter o0il upon the stability of the
fat to oxidations

3s To determine the effect of metals with and without heat

in (a) cream and (b) butter oil upon the ability of the
fet to withstand oxidations

4. To ascertain the influence of the antioxidant, Avenex,

when edded to cream and to butter oil,

5. To study the destruction of carotene with oxidative changess

Since there is 1little svailable informetion concerning the relia-
bility of the fat stebility and hot air oven methods, extensive stud=-
ies were made to determine the accuracy of the methods as well as a
comparison of the two methods. Also, extensive investigations were
carried out upon the influence of various heat treatments upon oxida=-

tion while only minor studies were made of Avenex and carotenee



EXPERIMENTAL PROCEDURE

Since many of the laboratory studies were of factors influencing
the oxidation of butter oil, it was necessbry to standardize methods of
preparation in order to eliminate, in so far as possible, all varieble
influences upon oxidatione

Source and general treatment of milk and cream: Raw milk used for

this work was obteined either from the College Creamery or directly
from the College Farme. In instances where raw milk was separated, the
milk was secured from the College Farm with particuler cere being teken
to prevent metal contamination. The raw milk was centrifugally separa-
ted into cream testing from 30 to 40 per cent fet. This cream was
either immedistely used for oxidation trials or stored et about 3° C.
until used. Where pasteurized cream was desired and slight metal cone
tamination was of no significance, sweet pasteurized cream separated
from mixed-herd milk and pasteurized at the College Creamery was ob-
tained. All raw cream used in any triel was pasteurized prior to
churning at temperatures of at least 62.8° C. for 30 minutes.

Methods of securing and purifying the butter oil: Cream was

churned in motor=-driven, two-gallon Daisy churns. These churns were
well tinned, and agitation was supplied by means of a wooden paddlee.
After the buttermilk was drained, the granules were washed either with
cold taep water or with distilled water dependirg upon the significance
of metal contaminatione.
When butter was desired, the granules were worked by hand with a

wooden paddle into a homogeneous mass and placed into pyrex glass beak-
ers. However, if only the butter oil was desired, the granules were

melted in a water bath at 50° C., the water &nd curd were siphoned off,
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and the butter oil centrifuged and filtered. Filtering was attained
in en incubator held between 40° and 50° C. 1In cese the oil was not
to be studied immediately it was refrigerated at 3° C.

Heat treatment of cream, butter, and butter oil: Laboratory

pasteurization of creeam to temperatures below that of boiling water
was accomplished in a round-bottomed glass flask suspended in a water
bath, and using & mechanical glass agitetor to stir the cream. To
attain temperatures above 100° C., creem in 2 liter Erlenmeyer flasks,
stoppered with cotton plugs (600 ml. cream per flask), was heated in
the autoclave for 30 minutes at the desired steam pressure after
allowing 15 minutes for the autoclave to reach the desired temperature
and pressure. Cooling was then accomplished by submerging the samples
in cold water. In every case the cream was aged in the same container
in which it was heated for a specified number of hours before churninge
The heat treatment of the butter and butter o0il to temperatures
below 100° C. was also accomplished in a water bath. Special care was
teken to protect the sample from light during the heating periocde To
secure temperature above 100° C., 200 ml. samples were placed into
250 ml. Erlenmeyer flasks stoppered with cotton plugs and heated in the
autoclave at the desired pressure for 30 minutes. After heating, the
samples were either immedlately cooled to the storage temperature or,
in certain cases where butter was involved, the butter was centrifuged
and the butter oil filtered.

Treatment and cere of glassware; Laug (66) and Stebnitz and Sommer

(115) have shown the necessity of using speciel care in cleaning glass=
ware used in fat oxidation worke. For this purpose these workers used

chromic acid cleanirg solution (H2304.K20r207). Hot water was found by
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Laug (66) to be effective in removing the cleaning solution from the
glass. Stebnitz and Sommer (115), in their work with the fat stabil-
ity epparatus, indicate that the best results could be obteined by
washing the tubes and then sosking them in cleaning solution over
night, followed by several consecutive leachings in distilled water
for a period of three or four deys. Laug (66) showed that several
successive leachings with distilled water were necessary to remove
all of the chromic acid from the glesse.

Speciel precautions were teken of the glassware used for all
determinations in these studies. The glessware was first washed in
a strong solution of tri-sodium phosphate, rinsed several times with
hot tap weter, and then held in chromic acid cleaning solution and
placed into lerge glass jars and rinsed six or more times with hot
tap water. After this, the glassware was rinsed with six or more
chenges of distilled water, each lot of water being allowed to re=
main over the glassware for 12 hours or more. Before use, the glass=
ware was thoroughly dried in a hot air oven. It was @lso found neces=
sary to treat the rubber stoppers used in the oxidation tubes of the
fat stebility apparatus with a strong alkali followed by thorough
soaking and rinsing in distilled waters

Methods of analysis: The peroxide determination was used to

measure the degree of oxidation of fats. The method used was essen=-
tially that outlined by Wheeler (124). To five grems of liquid butter
0il in a 250 ml. beaker was added 50 ml. of chloroform-ecetic acid
solutione This fat solution was allowed to react with 2 ml. of 50 per
cent KI solution for one minute, after which time 100 ml. of distilled

water was added. The iodine liberated from the KI wss then titrated



with standard 0.0l N. sodium thiosulfate solution using a soluble
2 per cent starch solution as an indicetor. The results are expressed
as moles of peroxides per 1000 grams of butter oil,.

The free fatty acids content of the butter fat wes determined
according to the method outlined by The Association of Official
Agricultural Chemists (2). Ten grams of butter oil are heated to
boiling in 25 ml. of neutral ethyl alcohol containing phenolphthalein.
This hot mixture is then titrsted with stenderd 0.05 N. NaOH solution
until a pink color persisted for at least 30 secondss The results ob=-
tained are expressed as acid degrees (ml. of 1N. NaOH per 100 grams of
butter oil), a value easily obteined by dividing the ml. of NaOH re=-
quired by 10 greams of butter by two. \

Carotene determinations were made by a modification of the method
devised by Moore (80). To 10 grems of liquid butter oil e added 10 ml.
of ethyl alcohol (95 per cent) end 10 ml. of benzine (distilled at 20°
to 21.1° C.)s After thorough mixing, the samples were placed into cold
water for 10 minutes, being shaken three times during this periode Dis=-
tilled water (10 ml.) was then edded to cause inversion of the phases
and the samples were centrifuged for 4 minutes at 1900 y.p.me The
color of the benzine-fat protion was messured photometrically, using a
one mle sample in an Evelyn photometer with a 440 filter. The carotene
content was expressed as microgrems per gram of fat,

Methods of accelerating fat oxidation: An accelerated method of

oxidation was used to enable rapid determination of the stability of
fatse In these studies two such methods have been compared end used,
nemely: (a) Swift's fat stebility apparatus (en eeration method) and

(b) hot air oven.



The Swift's fat stability apparatus was devised by King, Roschen,
and Irwin (62)e In this method, the fat to be oxidized was placed in
test tubes and heated to the temperature of boiling weter in an oil
bathe. A constant flow of air was maintained through esch tube of fat
being oxidized. As the fat reached the end of the induction period
samples were periodically taken from the apparatus and tested quanti=-
tatively to determine the degree of oxidation.

Another acceleration method used was a hot air ovene. In this
method definite amounts of fat in 100 ml. beakers were placed in a
thermostatically controlled hot eir oven having a mechanical air
egitator. As the fat oxidized, samples were taken from the oven at

definite time intervals and the degree of oxidation determined.
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RESULTS

Studies of the Perogide Method

The peroxide method in one or more of its modifications has
been accepted as a standardized procedure for determining the degree
of oxidation for a considerable time. However, since the quantity
of chloroform, acetic acid, and potassium iodide required for the
many determinations in this study was large and also relatively ex-
pensive, studies on the possibility of reducing the amount of solvent
and potassium iodide seemed especially appropriated. Furthermore,
the preparation of a fresh saturated potassium iodide solution for
each group of titrations as well as maintaining a solution of con-
stant strength durinz the determinations were other problems which
seemed to indicate the desirability of using a weaker solution of
this reagent if it were found feasible,

Variation in solvent: To study the influence of warying the

quantity of solvent used in the perozide determination four samples
of butter 0il were oxidized in the hot air oven to different per-
oxide contents. Duplicate peroxide determinations were then made
upon these four samples by three procedures. In one, the standard
method for the peroxide determination was used. This involved the
use of 50 ml. of solvente In the other two, lesser amounts of
solvent were utilized; in one 40 ml., and in the other 30 ml. The

results obtained are given in table 1,
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Table 1. Influence of volume of solvent upon peroxide valuese

Volume of solvent (ml.) : Deviation (per cent)
50 : 40 : 30 : (2)from(1l):(3)from(1l)
(1) s (2) (3) 3 (4) = (5)
4.6 H 4,2 H 3.1 H 8.7 H 3246
8e5 H 78 : 640 H 8.3 : 3060
1340 : 11.9 s 8.8 : 8¢5 : 32.4
24.4 H 2067 H 1701 H 1500 H 29.9

From the above data it is apparent that decreasing the amount of
solvent 20 per cent causes a decrease in peroxide value of 843 to 15.0
per cent whereas a decrease in solvent of 40 per cent resulted in
about 30 per cent decreases in peroxide values. From these results
it is evident that changing the volume of solvent definitely decreases
the peroxide values obtained.

Variations in concentration of potassium iodide solution: 1In

order to determine the possibility of using a weaker potassium iodide
solution than the recommended saturated solution, fat was examined
having widely different peroxide values, using & saturated, a 50, and
a 33 per cent potassium iodide solution. The results of these inves=-
tigations are given in table 2,

Table 2. Influence of concentration of KI solution upon
peroxide values.

Trial 1
Saturated : Thirty-three per cent solution
solution : : Deviation (per cent)
(1ml.) t 1mle 3 2mle s (2)from(1l):(3)from(1)
(1) : (2) : (3) : (4) (5)
5.8 H 4,5 H 4.6 H 224 H 2067
1l.1 H 8¢5 : 8¢5 : 23.4 H 234
17.0 H 1360 H 13.0 H 2345 b4 2365
3109 : 24.2 H 24.4 H 24.1 H 2345

(contd.)
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Table 2. (contd)

Trial 2
Saturated Fifty per cent solution
solution : : Deviation (per cent)
(1 ml.) : 1mle : 2mle : (2)from(l):(3)from(1)
(1) : (2) 3 (3) : (4) = (5)
5.8 H 5.7 H 5.7 H 1.7 H 1.7
11,1 H 10.5 H 10.9 H 5.4 H 1.8
17.0 : 1603 : 16.5 H 4.1 H 2.4
3109 H 29.4 H 29.9 : 7.8 : 6e3

When two milliliter of 50 per cent potassium iodide solution
were used, the per cent decrease from the control sample varied from
one to two per cent at peroxide values ordinarily determined in oxi-
dative studies. The decrease was slightly greater if one milliliter
of the 50 per cent solution was used. In the cese of the 33 per cent
solution, the percentage deviation from the saturated solution was

from 20 to 25 per cent. From these results it appears that 50 per cent
éotassium iodide solution can be used without introducing excessive
errors into the results. For this reason, the peroxide determinations
in all the following studies were made using two milliliters of 50 per
cent potassium iodide solution in place of the saturated solution

that is commonly recommended.

Comparison of sensitivity of peroxide value and acid degree in

detecting end of induction period: In conducting these studies on

fat oxidation data were secured which permitted a comparison of two
methods of measuring the degree of oxidation in the fat, namely;
(a) the peroxide value and (b) the acid degree. It appeared desir-
able to tabulate and analyse these data the results of which are

presented in table 3.



Table 3. Comparison of peroxide value and acid degree in detection
of end of induction period.

Peroxide Number Range in Average
value of acid acid
range samples degree dezree
0 -2 19 0.16 = 0.34 0e25
2 -5 13 0.16 = 0434 0.22
5 =10 6 0¢19 = 0.34 0.24

10 - 20 3 0021 - 0'31 0025

20 - 45 8 0¢34 = 0.45 0.45

These results indicate, generally, no close dependable correla=-
tion between oxidation as determined by peroxide formation and by
titration of free fatty acids. Samples showing excessive peroxide
formation had considerable higher ecid values, but often samples
having & peroxide value of 5 to 10 showed normal ecid degrees. Con-
sequently, titrations for the free fatty acids do not appear to be a

satisfactory method of detecting the end of the induction periode.

Acceleration Methods

Two methods of accelerating fat oxidation were used in these
studies. At the beginning of the experiments, an aeration method,
developed in Swift's laboratories and commonly referred to in litera-
ture as the "Swift's Fat Stability Apparatus," was used. However,
because of the complexity, this method and the limitation of the num-
ber of samples that could be oxidized at one time, this procedure was
later replaced by a hot air oven method,

Aeration Method:

Oxidation is accelerated in this method by air, the flow of
which is measured by a Sargent wet test meter. After passing through

the meter, the air is washed with distilled water and then passed
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through a solution of potassium permanganate to remove any reducing
substances present. After this treatment, the air is then measured
from central chambers through small capillaries into the fat. From
the fat, the air passes out into the atmosphere through an atmos-
pheric condenser that returns the condesible vapp¥ys to the fat. The
fat (25 milliliters) is contained in 2 x 20 centimeter test tubes
suspended in an oil bath which is heated by a surrounding boiling
water bath.

In studying the aeration method as & means of oxidation accel-
eration, trials were conducted to determine the influence of certain
factors and techniques on irregularities in the results secured as
well as to determine the precision of the method in detecting the end
of the induction period.

Temperature fluctuations of aeration method: Since variations

in peroxide values had been observed between samples taken from dif-
ferent positions of the oil bath at the same time there was some
question as to the uniformity of the temperature of the oil bath.
Consequently, one point considered was the possibility of errors in
speed of oxidation of the fat due to temperature fluctuations in the
oil bathe To ascertain the extent of differences that mizht exist,
the apparatus was allowed to heat for several hours and the tempera-
ture taken at different positions in the oil bath. Results of these
investigations are presented in table 4.

Table 4. Temperature of o0il bath of fat stability apparatus at
different locations.*

“Tube
number 1 4 6 9 12 15 18
Temperature

O Ce 9Te¢5 97e5 975 9748 9748 9747 9747

* Tubes numbered from left to right.
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These results show that the center of the oil bath is slightly
higher in temperature than either end which is likely due to the
effect of the heater that is located in the center of the bath;
however, such slight differences in temperature would doubtless have
no marked influence upon the accuracy or reliability of the aeration
epparatus.

Reliability of seration method based on peroxide value of

individual samples: In studies dealing with the aeration method of

rapld oxidation, variation between duplicate samples was ascertained
by determining the peroxide values of duplicate samples teken from
the apparatus at the same time. These values were then arrenged at
different peroxide values according to the deviation and are present-
ed in table 5.

Of the 163 duplicate determinations, 6.7 per cent showed no
variation, a little less than one third (30.7 per cent) had a dif-
ference between duplicate samples of from O.1 to 0.5 peroxide units,
whereas 28.2 per cent of the determinations showed variations between
0.6 and 2.0 peroxide units. About one-fifth of the comparisons varied
by a peroxide value of 2.1 to 5.0. In all, 65.5 per cent of the dupli=~
cate determinations varied not over 2.0 peroxide units. However, con-
sideration must be given to the fact that 65 per cent of the samples
had e peroxide value ranging below 10.0 and there appears to be a
tendency for the deviation between duplicate samples to increase di-

rectly with the peroxide value of the samplese

In order to determine if the peroxide numbers agree more closely
when a relatively short induction period is obtained for the fat, the

date in table 1 of the appendix were rearranged placing all duplicate
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taken from the apparatus before 13 hours in one group and those
teken from the epparatus after 18 hours in another group. The devi-
ation between duplicate samples in each group were then tabulated at
various peroxide values. These results are presented in tables 6
and Te

These two tables show that 73.1 per cent of the duplicate samples
taken from the apparatus before 18 hours varied from each other by not
more than 2.0 peroxide units, whereas only 51.2 per cent of these sam-
ples taken from the epparatus after 18 hours oxidetion showed varia-
tions under 2.0 peroxide unitse.

However, because the samples taken from the apparatus after 18
hours oxidation had, on the average, oxidized to a greater extent
than those samples taken before 18 hours, it is possible that the
above data would be more fairly represented by expressing them as per-
centage deviatione

Reliability of aeration method based on induction period:

Additional studies were made to determine the precision of the devia-
tion method in ascertaining the end of the induction period.

For this purpose, a sample of butter o0il was oxidized in the
aeration apparatus end the end of the induction period determined in
triplicate. Through interpolation from the oxidation-time curves,
the induction period of each triplicate determination was secured.

The results are shown in table 8.



Teble 8. Hours induction period of triplicate determinations of
the same fat as measured by the ameration method.*

hiax imum**

Trial Triplicates error
number a b c (per cent)

1 55 5¢3 5.4 3.8

2 10.0 9.3 9.0 11.1

3 11.0 10.7 11.2 4,7

4 2l.7 21.9 21.0 4,3

5 22.4 2l.1 2246 7.1

* Peroxide value of 5 was used as end of induction period.
** Per cent error calculeted from minimum induction period.
Complete deta presented in table II, Appendix.

These trials were made with fet baving an induction period range
from 5.4 to 22.3 hours in length, consequently, covering any induction
period normally encountered with butter fat. These data present a
meximum error for the five trials ranging from 3.8 to ll.l per cent,
with an average meximum error of 6.2 per cent. From the sverage mexi=-
mum error obtained, one may expect en everage varietion in induction
period of 0.3, 0.6, end 1.2 hours in fat having induction periods of
5, 10, and 20 hours respectivelye

Fot air oven method:

Different workers have mede use of hot eir ovens as a means of
accelerating fat oxidation. In meny cases however, consideration has
not been given to the possibility that the eccuracy of a hot air oven
method mey be greatly affected by various factors. Consequently, it
appeared desirable to ascertain the influence of certain factors upon
the rate of oxidation of fat in the hot eir oven so that the results
secured would be accurate, uniform, and relisble.

For these studies use was mede of a Cenco-DeKhotinsky triple wall,

thermostatically controlled oven having temperature control to within



¥1°c. The heating elements are shielded with ducts leading to the
sides of the oven where the hot air enters at about six and 12 inches
from the bottom of the ovene Two shelves were used, the bottom shelf
being six inches and the top shelf ten inches from the floor of the
oven. A centrigrede thernometer gradusted to 1° C. was inserted
through the top, the bulb of which extended to the top shelf of the
oven. To insure positive air agitetion, a Cenco air agitator was in=-
stalled in the top of the oven.

Preliminary studies on temperature fluctuetions: To determine

how temperature influences may effect oxidation of fat, three samples
of fat (50 ml. fat per beaker) were pleced upon the floor, the bottom
shelf, and upon the top shelf respectively. The oven was then regu-
lated at 100° C. without the air agitator running. At the end of 24
hours oxidation time the temperature of all nine samples was taken
end the peroxide content cetermined. The results of these prelimin-
ery investigations are given in teble 9,

Table 9« Preliminery trials with oveu method to determine the

temperature and corresponding peroxide values at
different positions in the ovene*

Position Sample Temperature Peroxide
in oven number (°c.) number
1 83 1.3
Floor 2 105 39.8
3 126 49,6
1 78 1.6
Bottom shelf 2 86 6.4
3 91 10.3
1 73 1.5
Top shelf 2 77 1.7
3 80 1.8

* No air agitation



- 47 =

These results show that the temperature of the oven varies wicely
and, consequently, influences the rate of oxidation at different posi-
tions in the oven. The floor of the oven is considerably higher in
temperature end vearies to a grester extent then any other position in
the oven. Also, the bottom shelf is higher in temperature than the
shelf four inches above it. Even individual samples on each shelf show
seversl degrees varietion in temperature between each othere. This pre-
lininary study indicates that if a hot eir oven method is to be used
some consideration should be given to tempersture control.

Wide distribution of samples on shelf: After finding such wice

temperature varietions in the oven, consideration was given to the
arrangement of samples on the shelves to obtein maximum temperature
control.

In the first series of trials, beskers of fat were spaced equal
distances apart on the bottom shelf, the outside rows being ageinst
the walls of the oven as is illustrated in figure 1, diagram I.
Thermometers were pleced into the fat end arranged so as to permit
reading of the temperature through the glass window of the inside door.
Because of leck of space, thermometers could not be placed into beakers
of fat on the top shelf. However, empty beakers were placed on the top
shelf in order to simulete normal operating conditions. After allow=-
ing several hours for an equilibrium temperature to be established,
at least three temperature readings were taken at two hour intervals,
Triels were conducted with and without air asgitetion. The average of

these readings are presented in table 10.
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Teble 10 Temperature of fat samples distributed widely over the
bottom shelf of the hot air oven.

No air Air

Beaker agitation agitation
number (° c.) (° c.)
1 99.1 97.8
2 102.5 99.1
3 105.4 10043
4 105.2 99.1
5 100.3 97.9
6 10345 99,2
7 105.0 9945
8 104.4 99.0
9 100.0 97.6
10 102.3 98.6
11 103.8 99.3
12 10349 99.3
13 99.0 99.3
14 101.8 99.8
15 101.7 99.9
16 10045 99.0

VWhen there was no air agitation a maximum tempersture difference
of 6.4° C. was observed. Samples having the highest temperatures were
beside the left side wall near the heating vent end beside the left
slide of the back wall, whereas the lowest temperatures were found near
the door and along the front part of the right wall. Those tempera-
tures taken while the air agitetor was running indicate much closer
temperature control. In these determinations, a maximum temperature
veristion of 3° C. was obteined as compared to over twice that value
in the trials with no &ir circulation. Again, as before, the highest
temperatures were obtained along the left and back walls whereas the
lower temperatures were observed along the front and right wallse

Close distribution of samples on shelf: Since the preceding

study showed the samples placed around the sides of the oven varied
appreciably in temperature, additional triasls were conducted in which

the samples were grouped compactly in the center of the shelf as is



shown in figure 1, diagram II. Furthermore, since there was some
question as to the influence of the presence of beakers on the top
shelf upon the temperature of samples on the bottom shelf, this
ang{e was also given consideration. Consequently, as before, the
temperature was teken with end without agitation and, in addition,
with and without empty beskers on the top shelf. The results of
these trials are presented in teble 11,

Teble 11. Temperature of semples grouped compactly in the center
of the bottom shelf.

Top shelf empty Beakers on top shelf
No air Air No air Air

Beaker agitation agitation agitation agitation
number (0 Cc) (0 Co) (O Co) (O C-)
1 10045 100.2 101.7 99.0
2 104.1 100,.9 105.2 99.1
3 10546 101.7 107.2 100.2
4 105.7 102.1 106.8 100.2
5 101.2 100.,0 102.1 10042
6 104.2 101.2 105.4 99.7
7 105.6 101.4 107.0 100.6
8 106.0 101.8 107.1 99,9
9 102.4 100.3 102.8 98.7
10 104.9 101.5 105.8 99.8
11 105.7 101.7 107.2 100.6
12 104.9 101.5 105.9 99.2
13 100.3 99.7 101.7 987
14 102.9 99.2 103.7 98.8
15 104.2 100.8 104.6 9945
16 103.9 101,.2 104.5 99.8

When the beakers are placed in the center of the shelf with no
beakers on the top shelf, & maximum temperature variation of 5.7° C.
wes observed without air agitation. This value is 0.7o Ces less than
was observed when the samples were distributed widely on the shelf,
Again, however, the samples with the highest temperatures were located
around the left side and back, whereas the lowest temperatures were

found along the front and right side.



Under the same conditions with air agitstion, a 2° C. maximum
varietion was obtained. This is 1° C. less variation than was secured
when the samples were widely dispersed over the entire shelf,

When beakers were on the top shelf there was an inorease in tem-
perature of approximately 1° C. throughout, both with end without air
agitation. However, the temperature variation was not appreciably
influenced as there was 5¢5° C. maximum veriation with neither beakers
nor agitation as compared to 5.7° without the beskers. When the air
was egitated, a 1.9° C. maximum variestion in temperature was found
when beakers were present as compared to 2.0° C. varistion when there
were no beakers on the top shelf. The slight tendency toward a lower
variation in esch instance is insignificant.

From these studies it was concluded that having the beakers in
the center of the shelf as in diegram II gave the most accurate results.
Consequently, all studies made with the oven method utilized this ar-
rangement.

Temperature of semples on the top and bottom shelves: All tem=-

perature measurements presented so far were teken from the bottom shelf,
because of lack of space between the top shelf and the oven ceilinge
However, a brief study was made of the top shelf temperatures by plac-
ing samples of fat into petri dishes and then inserting the thermo-
meters at an angle. Samples were spaced on both the top and bottom
shelves as shown in figure 1, diagrem III. The temperesture relation-

ship found in these studies is presented in table 12,
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Table 12. Tempersture of fat samples in petri dishes on top and
bottom shelves of hot air ovene.

Petri dish No eir Air
number agitation agitation

Bottom shelf

(o C.) (o C.)

1 103.7 99.6

2 105.8 99.9

3 102.86 99.9

4 105.3 99.8

5 10343 9945

6 103.1 9942
Top shelf

(o C.) (o C.)

7 9847 9843

8 101.4 99.2

9 977 97.6

10 101.3 9945

11 98.1 97.9

12 9845 98.2

This data shows conclusively that the bottom shelf is normally
higher in temperature than the top shelf. With the air agitator run-
ning the bottom shelf averaged 1.2° c. higher in temperature than the
top shelf. The same relationship existed when there was no air egita-
tion excepting there was 4.7° C. difference in temperature.

These additional data indicate, therefore, thet when the hot air
oven is to be used, consideration should be given to the fact that a
temperature difference may exist between shelves which may appreciably
affect the results,

Pifference in rate of peroxide formation on different shelves:

Additional trials were conducted to find the relation that exists be-
tween the rate of peroxide formation on the different shelves and the
corresponding temperature. In this study, 25 mls. of fat in 100 ml.
beakers were oxidized on both shelves. After definite oxidation had

teken place peroxide determinations were made on all samples.
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Because the temperature determinations of the fat samples on the top
shelf were made in petri dishes and the oxidation of the fat was
carried out in 100 ml. beskers, the temperatures of the samples are
comparably bubt not exactly accuratee This results since the petri
dishes were not at exactly the same position as the beakers of fat.
The results of these investigations are presented in table 13,

Table 13, Peroxide formation and relative temperatures at different
locations in the hot air ovene

“Bottom shelf Top shelf
Beaker Temperature Peroxide Besker Temperature  Peroxide
number (° c.) value nunber (° c.) value
1 : 99,6 : 565 : 17 : 9843 s 7.8
2 : 99.6 s 7.4 : 18 s 9843 : 4,7
3 : 99.9 : 4.4 : 19 : 95,2 : 5.0
4 : 99.9 : 6.1 : 20 : 99.2 : 3¢5
5 : 99.9 : 4.9 s 21 3 9746 H 36
6 : 99.9 H 3.6 H 22 H 97.6 H 200
7 : 99.8 : 4,6 : 23 : 9945 s 245
8 : 99.8 : 543 : 24 : 9945 s 30
9 : 99.9 s 4.8 : 25 : 97.6 : 3e3
10 : 99.9 : 3.8 : 26 : 9746 : 2.7
11 H 99.8 H 4,5 H 27 H 99.5 H 640
12 s 99.8 : 9.3 : 28 : 99.5 : 7.1
13 : 99.5 : 34 : 29 : 9749 : 2.7
14 : 9945 : 4.4 : 30 : 9749 : 3.1
15 : 99,2 : 540 : 31 : 9842 : 3e5
16 s 99,2 s 6.9 s 32 : 9842 H 9.4
Average :  99.6 : 5.27 : 98.9 : 4.37

The average of these relative temperatures showsthe bottom shelf
to be 0.7° C. higher in temperature than the top shelf. Corresponding
to this temperature difference, there is an average difference of 0.9
peroxide units: the bottom shelf has an averape peroxide value of 5.27,
whereas that of the top shelf is 4.37.

That there is a difference between the top and bottom shelves is
further substuntiated by the data presented in table III of the appendixe

These data constitute those secured on 784 samples in which one lot was



oxidized on the top and the other on the botton shelf of the hot air
ovene

The results show the average peroxide value of all samples taken
from the bottom shelf to be 8.10 whereas that of the top shelf is 7.16,
an average difference of 0.94 peroxide value. Further treatment of
these data shows 66.5 per cent of the samples from the bottom shelf
oxidized sooner than those from the top shelf, 27.3 per cent of the
samples from the top shelf oxidized before those from the botton,
whereas 6.2 per cent of the samples oxidized equally fast on either
shelf.

Length of induction period of top and bottom shelves: Further

studies of the results secured with the top and bottom shelves of the
hot air oven were carried out by utilizing the induction periods in-
volved. From the induction period curve, assuming & peroxide value of
five as the end of the induction period, the induction periods of the
samples of fat on each shelf were determined. A summary of these data
is presented in table 14,

Table 14. Hours difference in induction period of the same fat when
oxidized on the top and bottom shelves of the oven.*

Induction Number Hours difference in induction
period of period between top and bottom shelves
(hours) trials O - 1.0 101 - 2.0 2.1 - 3.75

10e0=1540 10 6 3 1

15.1=1765 17 8 9 0

1746=20.0 21 9 9 2

2041=2245 11 S 4 2

22.6=above 7 4 3 0

Percent 5060 42.5 Te5

* Complete data presented in table IV, Appendix.



These data show that 50.0 per cent of the trials on different
shelves varied from each other by not more than 1 hour induction
period time, 42.5 per cent from l.1 to 2.0 hours, and 7.5 per cent
had an induction period variation greater than two hourse. Further
analysis of data from the orizinal 66 trials, shows that 85.0 per
cent of the trials from the bottom shelf had the shortest induction
period whereas only 10.5 per cent of the trials from the top shelf
oxidized first. Thus, there were 4.5 per cent of the triels oxidiz-
ing with equal rapidity irrespective of shelf. The average length
of the induction period of the top shelf was 19,07 hours whereas the
bottom shelf had an induction period of 18.06 hours, en average dif=
ference of 1.01 hours.

The normal difference in induction period between the two shelves
is about 5.2 per cent. Even though the error between the shelves is
not great, it may materially influence the results in oxidative studies.

Influence of temperature upon rate and extent of oxidation:

Little consideration has been given the importance of temperature in
the formation and destruction of peroxides. Possibly some temperature
exists at which destruction of the peroxides will be at & minimum and
formation at & maximum, thus increasing the sensitivity of rapid oxi=-
dation methods. To determine the relative accuracy of accelerating
oxidation at different temperatures, two identical Cenco=-Dekhotinsky
thermostatically controlled hot air ovens were obtained, each heving a
mechanical air agitator. The same sample of butter oil was oxidized in
quadruplicate, first at 70° and 100° C., and then at 100° end 130° C.

A summary of the data obtained is presented in table 15,
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Table 15. Influence of temperature of hot air oven upon the rate of
oxidation and upon the uniformity of results.*

Average Maximunm Minimum Deviation between
Oven induction  induction  induction minimum and maximum
temperature period* ~period* period* Hours Per cent
70 142.0 152.0 138.0 14.0 9.9
100 2645 28.0 2545 245 9.4
130 345 3.7 3.4 0.3 11.6

*Peroxide value of 5 considered to be the end of induction period.
Complete data presented in table V, Appendix.

As would be expected, the lower temperature considerably extended
the length of the induction periode However, samples oxidized at 130° C.
showed a somewhat greater percentage error (about 1.5 per cent more)
than those oxidized at lower temperatures. However, the percentagze
deviations of induction period of the quadruplicate determinations at
70° and 100° C. are sbout the same, indicating that these lower tem=-
peratures of oxidation had little influence upon the precision of the
method in detecting the end of the induction period.

Inasmuch as the lower temperatures used have no great influence
upon the accuracy of the oven method, a temperature should be used with-
in this range that is best adaptable to the laboratory work. However,
too low a temperature extends the induction period to considerable
length, consequently the purpose of the rapid oxidation method would
be invalidated if too low a temperature is used. Therefore, a tempera-
ture sufficiently high to bring about rapid oxidation should be used,
Consequently, 100° C. was considered best suited for the purpose of
oxidizing butter fet because at this temperature oxidation normally
occurs within 12 to 24 hours. Therefore, all studies with this method

were made at 100°C,.
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Effect of sample size upon rate of oxidation of butter oil in the

hot air oven: Studies of the rate of oxidation of samples of different

sizes were deemed desirable to determine the consideration that should
be given this factor when using the hot air acceleration method.

For this purpose, 10, 20, 30, and 40 ml. samples of butter oil
were placed into 100 ml. beakers and oxidized in the hot air oven. Sam-
ples were teken from the oven at definite time intervals and the per=-
oxide content determined. Two trials were conducted with duplicate
samples being used in each trial. The results are presented in table
16 and are shown graphically in figzure 2.

Teble 18, Influence of sample size upon rate of fat oxidation in
hot air ovene*

Hours Size of sample (ml.)

oxidation 10 20 30 40
14 640 1.7 240 1.7
16 765 546 3e6 2.9
17 15.4 4.4 3683 249
18 1840 Te6 6ol 3.7
19 2246 11.6 11.5 660
20 2663 11.9 9.2 9.6

Average 16.1 7.1 6.0 4,5

* Results are reported in peroxide values.
** Values in peroxide number.

These results show that the size of the sample definitely influ-
ences the rate of oxidation, with the smaller samples oxidizing more
rapidly than the larger ones. Obviously therefore, the size of sam=
ple must be considered and maintained uniform in any oxidation work
with the hot air oven. Consequently, in all studies to follow, 25ml.
samples of fat were used.

Effect of surface area upon rate of oxidation in hot air oven:

Another factor, the surface area, was given consideration as a possi=-
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bility of influencing oxication. To determine the effect of surface
area upon the rete of oxidation of butter o0il in the hot air oven,

25 ml. samples of butter oil were pleced into glass conteainers having
62.5, 33.0, 23.7, 18.1, and 11l.3 square centimeters surface sree re-
spectively. These semples were oxidized in the hot air oven at 100°c.,
and the end of the induction period determined. The average results
of two trials are given in table 17 end are presented graphically on
figure 2.

Table 17. Relstionship of surface erea to the rate of oxidation in
the hot air ovene *

Hours Surfsce area in square centimeters
oxidation 6245 3360 23.7 18,1 11.3
13 3o 3%% 1.5 1.7 le4 1.5
14 T4 1.6 2.0 1.9 1.7
15 14.4 346 4.0 1.6 2.1
16 18.5 8el Te3 4.6 5.0
17 25.0 18.4 5.7 3.0 3.9
18 28.8 18.4 6.8 8¢5 6e3
Averaf;e 1662 8.6 4,6 360 364

* Results are reported in peroxide values,
** Values in peroxide numbers
As mey be observed from these deta, the rate of oxidation is defi=-
nitely dependent upon the surface area: the greater the surface area
exposed, the more repid the oxidation of the fat. From this, it may
be concluded that the surfece area must be kept constant when oxidizing
fat in hot eair ovens if uniform results are to be obtained. Therefore,

in the studies to follow, 100 ml. beskers were used exclusively,
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Reliebility of oven method on basis of peroxide value of indi-

vidual semples: Studies were made utilizing the oven method to

ascertain the degree of accuracy which mey be expected under care-
fully controlled conditionse. To determine the accuracy of the method
based on the peroxide number, duplicate determinations of the seme
fat taken from the same shelf were made. The results were recorded
and the devietions between the duplicates securede The data are
shown in table 18.

Of the 328 duplicate samples studied 79.5 per cent had & per=-
oxide velue below ten. Of this group, 80.8 per cent showed a devia=
tion between duplicetes of less than 2.0 peroxide units, 16.]1 per cent
varied between 2.1 and 5.0 peroxide units, and 3.1 per cent of the sam=
ples showed a varietion between 5.1 and 10.0 peroxide unitse.

Sixty seven of the samples, or 20.4 per cent, had & peroxide
value of 10.] or above. Of these, 52.3 per cent had & variastion be-
tween duplicates of less than 2.0 peroxide unitse

Of the total of all comparisons, 75.1 per cent showed a devietion
of less than 2.0 peroxide units, 18.0 per cent varied between 2.1 and
5.0 units, 4.9 per cent varied between 5.1 and 10.0 units, end 2.1 per

cent varied to a greater extent than 10.0 peroxide unitse



—

<O

xtpuaddy ¢IA ®Tqs] UT pesuesexd wviwp ©48Tdwo)

*gJoqumu epIxored UT SONTBA,,
*8UOT48UTWISL6D ©380TTdNDp B3¢ JO T310L 4

0°00T m 2°0 W 8°1 m 6°% W 0°8T M 799 m S°e3 m 3°S mawpov Jo %
m : : : : T
2% . 1 . ¥ . ¥ o ¢ : 2 : : :  pue T°03
3°9T m W 3 W 14 m 14 m 63 m e m T m 0°03-T°0T
8°48 m m m 8 m 1¢ m 99 m ST m 14 m 0°0T-T°S
5°93 m m m m 0T m 28 m €3 W 3 m 0°S -1°2
3°G1 m m m m T m e m 9¢ m ot m 0°3 -0
T330% JO %:8A0Q8 pus:Q*02-T1°0T: 0°0T-1°G: 0°G-T1°3 : 0°2-9°0 : G-1 0 ¢ enysa
% T1°03 @ : s : : : : epIxouasd

_*muﬁmsdm 93301Tdnp JO uo

Tra1Aeq

» UOAO I3 20U JO JT9YS ewus

woIJ ueyey seTduss s430FTdnp uesm}eq senTsA 8p

txoaed Jo uotTaByIASd °*S8T ©T198J



Reliebility of oven method on basis of induction period: Further

informetion was secured deeling with the hot air oven method in detect=-
ing the end of the induction period. In this connection, several
triels were run in which the induction period of a butter fat was de=-
ternined in quadruplicate by placing four samples upon each the bottom
end top shelves of the hot air oven. By assuming a peroxide value of
five as the end of the induction period, the induction periods of all
determinations were interpolaeted from the oxidation-time curves and

are presented in table 19.

Table 18. Hours induction period of quadruplicete determinations of
the same fat as measured by the hot air oven method.*

Hours induction period

Triel 3 :Maximum difference
number a b c d s+ Hours Per cent
l H 16075 18000 17075 17025 H 1025 702
2 + 24,50 24,00 25.50 25.50 1.50 6.0
3 s 34.00 32450 31.00 30.75 3+25 10.1
4 H 35000 33050 53.50 31000 : 2050 706
5 s 28425 27.75 30450 31.00 : 3.25 1l.1
6 H 30.50 306,00 31000 30650 $ l.OO 3e3
7 : 26,00 25425 27425 27.25 3 2400 TeS
8 : 27425 27.75 28.00 26.25 1.75 6e4
9 : 256,50 26450 27.00 25.25 1.75 6.7
lO $ 27.00 27050 29425 25025 H 4,00 1407
11 s 27.75 26.50 27.50 27.00 : 1.25 4,6
12 : 25.25 26.00 27.50 26.50 2+25 8.5

Average 2015 7.8

* Complete data in Table VII, Appendix

These data show a maximum difference between quadruplicate induc-
tion periods renging from 3.3 to 14.7 per cent with an average maximum
difference of 7.8 per cent. In terms of hours ss based on the sverage
results of this experiment, this method could be expected to very 0.78,
1.56, and 2.2%4 hours respectively for trials having induction periods
of 10, 20, and 30 hours. However, certain trials did show greater vari=-

etion than this: for instence, triels, 3, 5, and 10 showed a maximum

difference of 10.1, 1l.1, and 14. 7 per cent respectively,
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Comparison of aeration and hot air oven methods:

Because the studies so far have involved the aeration and hot
air oven methods individuelly at different times and with different
fats, it seemed importent that a direct comparison of the two methods
be made to permit the drawing of more definite conclusions. Conse=-
quently, the following experiments were conducted with this in view.

Rate and extent of oxidation of fat in hot air oven and aeration

apperatus at 100° Ce: In order to determine the relative speed with

which fat is oxidized by the hot air oven and aeration methods at the
same temperature, samples of butter fat were oxidized by the two
methods using the regular standardized procedures. The averages are
presented in table 20.

Table 20, Relative rate of oxidation of fat by hot air oven and
aeration methodse *

Hours induction period**
Trial Oven method Aeration method Difference (1) from (2)

number (1) (2) Fours Per cent
1 19,50 22400 2450 12,0
2 18,00 18,00 0,00 0.0
3 22.00 23,00 1.00 4.4
4 11.25 16.00 4,75 34.8
5 10.75 15.00 4,25 3340
6 15.75 21.00 5425 2846
7 14.00 17.00 3.00 19.4
8 13.75 21.00 7¢25 41.7
9 11.75 18.25 6.50 43.3
10 17.50 24,25 6.75 3243
11 13.75 19.25 5650 33,3

* The average of columns (1) and (2) was used to calculate the per
cent difference.
** Peroxide value of 5§ used to determine end of induction period
Complete data in Teble VIII, Appendixe.
These data show the induction period of fat in the hot air oven

to be an aversge of 4.25 hours shorter than that of the same fat oxi-

dized by the ser&tion method, an average of 25.7 per cent more oxida=-
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tion. As may be observed, this increased rate of oxidation in the case
of the hot air oven is not constant and ranged from 0.0 to 43.3 per
cent. However, seven of the eleven trials gave from 19.4 to 43.3 per
cent faster oxidetion in favor of the hot air oven.

One reeson for the seration method having a longer induction
period may be due to the use of saturated air to aspirate the fat. To
study this possibility, trials were conducted in which a portion of
the fat-contsining tubes in the apparstus was aspirated with eir pre-
viously dried by passing it through sulfuric acid. The remaining
tubes were asereted in the usual fashion by the use of saturated eaire
The average results of a typical trial (triel 1) are presented in
table 21.

Table 21 Influence of drying the air upon the rate of oxidation
of fat by seration method. *

Peroxide values

Hours Saturated Dry
oxidation air air
12.0 1.1 1.3
1645 1.5 2.8
17.0 1.7 8.1
1745 —-—- 14,2
19,5 5.8 ———

* Complete data presented in table IX, Appendix

These results indicate that the rate of oxidation is acceler-
ated from 10 to 15 per cent by drying the air used for aspirating the
fat. One additional observation made was that the drying of the air
possibly mey present a means of obtaining greater precision with this
method. More data are needed, however, before definite conclusions

maey be drawn in this connections



To study further the rate as well as the extent of oxicdaticn,

a sample of fat was oxidized both by the oven and eeration methods,
samples being taken at definite time intervals to detsrmine the
degree of oxidation. The results of two trials are presented in
table X of the Appendixz, and data of a typicel trisl (triel 1) are
protrayed in figure 3.

These curves show, again that fat in the hot air oven oxidizes
before that in the aeration apperatus. However, once the oxidation
starts in the aseration apvaratus it proceeds rapidly while the oxi-
dation in the hot air oven shows a gradual progressive rate of per=-
oxide formation. At the end of 48 hours there were no more samples
in the hot air oven so the extent of oxidation in this case could
not be studied further. However, in the case of the aeration method
samples were taken for a period of 144 hours. In this case the per-
oxide content incressed to & maximum at ebout 70 to 90 hours end then,
upon further oxidation, showed marked decresasess

Precision of hot air oven end aeration method in measuring the

end of the induction period: In order to obtain more definite infor=-

metion as to the precision of each method in detecting the end of the
induction period, curves were plotted of the induction periods of 11
duplicate determinations obteined with each methode From these curves,
the length of the induction periods of each duplicate determinsation,

to the nearest half hour, was secured. The results are presented in

table 224
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Teble 22. Induction periods of duplicate ssmples of fat oxidized by
hot air oven and aeration methods. *

Hot air oven Aeration method
Trial Duplicates Duplicates

number a b Difference a b Difference
1 19.5 19.5 0.0 21.5 2245 1.0
2 17.5 18.5 1.0 18.5 17.5 1.0
3 22.5 21.5 1.0 23.0 23.0 0.0
4 11.5 11.0 0.5 1€.0 16.0 0.0
5 11.0 10.5 0.5 14.5 15.5 1.0
6 16.0 15.5 0.5 2045 21.5 1.0
7 14,0 14.0 0.0 17.0 17.0 0.0
8 13.5 14.0 0.5 21.0 21.0 0.0
9 12.0 11.5 0.5 18.0 18.8 0.5
10 17.0 18.0 1.0 25.0 2345 1.5
11 13,5 ~ 14.0 0.5 _ 19,5 19.0 0.5

Average 15.27 15,27  0.55  19.50 19,54 0459

* Complete data presented in table VIII, Appendix.

The above data shows that in the trials run, the hot air oven showed
a maximum variation of 1.0 hours induction period as compared to 1.5
hours maximum variation for the aeration method. On the basis of per-
centage variation, the hot air oven varied 5.6 per cent whereas the aera-
tion method varied 6.4 per cent. However, the average percentage dif-
ference between the duplicates is 3.59 per cent in the case of the hot
air oven as compared to 3.02 per cent for the aeration method, an insig-

nificant differences,

Heat Influence on Butter and Butter 0il

Influence of heat treatment upon the oxidation of butter oil: To

determine the effect of high temperature heat treatment of butter oil
upon its stability toward oxidation, trials were conducted in which oil
was heated in the autnclave at six snd 22 pounrs pressure for 30 minutes.
Four trials were conducted in the case of the six pounds steam pressure
109.8°C. and three trials in the case of the 22 pounds pressure 127.,0°C.
Averages of these trials are given in table 23 and are presented graphi=-

cally in figure 4.
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Since the different fat samples had different length induction periods,
the trials could not be averaged according to hours oxidation. Con-
sequently, the trials were combined into one by averaging all samples
teken first, second, third, etc. These averages are tabulated accord-
ing to oxidation sequence; therefore, they represent the order of tak-
ing the samples as well as a definite oxidation time,

Table 23. Influence of heat treatment of butter oil upon its
stability toward oxidation. *

—— - - - e s

Oxidation Peroxide value
sequence Control 109.8%Ce = 30 mine. 127°C. - 30 min,
1 1.5 2.9 5.8
2 243 2.9 14.3
3 2.6 3e5 2945
4 3.0 5.5 28.0
5 5.2 4.5 56.1
6 9.7 640 58.8

* Complete data presented in table XI, Appendixe

These data show, generally, that heat treatment of butter oil at
the temperatures used in these experiments decreases its stability
toward oxidation. In the trials involving the six pounds steam pres-
sure, oxidation began more rapidly than in the control samples, ususally
by about one hour; however, the extent of oxidation was somewhat less
at the close of the experiments Those samples heated to 127° C.
(262.0° F.) oxidized about Ffive hours before the control samples and,
also, the oxidation proceeded rapidly to a much grecter degreee

Influence of heat treatment of butter upon the oxidation of butter

0il: To study the influence of heating butter upon the keeping quality
of the butter oil, a sample of butter was divided into three lots.

Lot 1 was filtered and the butter oil used as the control; Lot 2 was



filtered and the oil extracted and heated to 127.0° C. (262.0° F.)
for 30 minutes; and Lot 3 wes heated as butter at 127.0° ¢,

(262.0° F.) for 30 minutes and then separated into butter oil. 1In
trials 1 and 2 the butter o0il was filtered from the butter soon after
it was teken from the autoclave at a temperature around 80.0° C.;
whereas, in trial three, the heated butter was cooled to 45.0° C.
before filtering. The data of these determinations are presented in
table 25,

Table 25 Influence of heat treatment of butter and butter oil upon
the oxidation of the butter oil.

: : Peroxide Value
Trial Hours : s 0il : Butter
number : oxidation : Control : 127°C. - 30 mine. : 127°Ce. - 30 min.
1* H 10 H 0.9 H lol H 1.2
: 12 : 1.0 : 1.5 : 1.3
: 14 s 1.1 : 1.5 : l.4
H 16 H 105 H 2'3 : 307
H 13 : 1.7 H 3.2 H 5.7
: 21 3 32 : 9.6 : 16.3
3 25 : 10.8 3 2045 : 2245
2* H 11 H 1.0 : 103 H 103
: 13 : 1.2 : l.4 : 1.5
: 15 : 1.3 : 2.2 : 2.5
: 17 H 108 H Te5 H 37
: 19 : 1.9 : 6.2 : 7.4
: 20 : 4,9 : 11.6 : 10.5
H 21 H 3.9 H 1001 H 1409
3%k *x H 17 H l.1 H 6e2 H 0.9
: 19 : s Be6 :
3 22 s H 15.7 s
: 24 : : 12.8 :
s 26 : : 19,3 H
: 29 : 3.0 : s 2.0
s 31 s 4.8 : : -3e1l
: 33 : 5.3 H : 4.6
: 35 s 11.9 : : 5.7

* Trials 1 and 2 filtered while hot.
*x Trial 3 filtered at 45° C.
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In all cases, as was shown before,the heating of the butter
0il to high temperatures lessened its stsability toward oxidation.
However, in those trials involving the heating of the butter, some-
what variable results were securede In the first two trials, in which
t he butter was filtered at a relatively high temperature, the butter
oil was definitely less stable than the control butter oil, oxidizing
about five hours sooner. In these trials also, the butter shoﬁed
sbout the same resistance toward oxidation as did the heated butter
oil. However, in trial 3, in which the heat treated butter was cooled
to a lower temperature before filtering, the butter oil exhibited
slightly more stability toward oxidation than the control butter oile
Whether or not the difference observed in the butter trials are due to

the temperature of filtering would need to be determined by more com-

plete studies.

Influence of Heating Cream on Oxidation

Influence of heat treatment of cream upon oxidation of butter

oil: Since recent trends have been toward high temperature pasteuri-
zation of cream, studies were conducted to ascertain the influence of
different heat treatments upon oxidation of the butter oil. 1In this
connection, two factors influencing oxidation were studies, first, the
influence of temperature and secondly, the influence of holding timee
In the first phase of this study, cream was heated to the

following temperatures: 62.8° C. (145.0° F.), 85.0° C. (185.,0° F.),
90.6° C. (195.0o F.), six pounds pressure (229.6° F.) and 22 pounds

pressure (262.0° F.). After cooling to churning temperature, the

cream was aged for 12 hours and churned. The butter oil was oxidized
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in £he hot air oven to determine its oxidative stability. The aver=-
ages of five comparisons are presented in table 26+ The rates of
oxidation of three temperatures, 62.8° C. (145.0O F,) for 30 minutes,
and 90.6° C. (195.0° C.) flash, end 109.8° C. (229.6° F.) for 15 min-
utes are presented graphically in figure 5.

Table 26. Influence of temperature of pasteurization of cream upon
the oxidation of the butter oils *

Number Oxidation N Peroxide value
of trials sequence 6248 Co = 30 mine 85.0°Ce = 5 mine
1 1.8 1.8
2 3.1 3.1
6 3 3.6 4.5
4 5.8 7.9
5 7.0 9.8
6 9.9 11.3
90.5 Ceflash
1 0.8 0.8
2 1.1 1.0
6 3 1.1 1.0
4 1.7 1.6
5 3.7 349
6 646 765
109.89C4=15 mine
1 0.9 1.2
2 1.2 1.3
3 3 1.3 2.0
4 1.7 4,1
5 362 77
6 5e4 15.2
127.0°Ce~15 mine
1l 0.8 348
2 l.4 846
2 3 1.3 9.5
4 1.7 9.9
5 25 18,7
6 Te8 19,2
127.0600-30 min.
1 1.7 Te3
2 2.9 13.9
7 3 3T 14,1
4 6.8 14,7
5 769 1845
6 10.6 23,1

* Complete data presented in table XII, Appendix
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These average values show that heating the cream either to
85400 C. (185.0°F.) for Five minutes or to 90.6° C. (195.0°F.) flash
had no significant influence upon the rate of oxidation as compared
to 62.8° C. (145.00 F.) for 30 minutes. Higher temperatures such as
were secured by the use of six and 22 pounds pressure, increased the
oxidative tendency of the fat, there being a direct relationship be=-
tween susceptibility of the fat to oxidation and the temperature to
which the cream was subjected. An examination of the data secured
from each trial shows the same general trend observable in table 26,
In the case of the higher heat treatment all the individual trials
showed a tendency for the cream with the high temperature heat treat-
ment to oxidize much sooner than that which was pasteurized at 62.8°C,
(145.0° F.) for 30 minutes. In this connection, the heating of cream
to 10948° C. (229.6°F.) for 30 minutes caused an average of three
hours shorter induction period, whereas heating the 127.8° c.
(262.0°F.) for 30 minutes resulted in an average induction period
difference of about five hourse

In the second phase of this study, steps were taken to determine
the influence of the holding period upon the oxidation of butter oil.
In this study, raw cream was divided into four lots which were heated
t0 9069 Co (195,0°F.) and held at this temperature for the following
periods: O, 5, 15, and 30 minutes. The induction period of the re-
spective fats was then determined by the oven method. Average results
for three trials run are given in table 27 and are presented graph-

ically in figure 6.
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Teble 27 Influence of length of heating period of creem upon the
oxidation of the butter oile *

Oxidation : Peroxide value

sequence ¢ Flash : 5S5mine 3 15 mine : 30 mine.
1 s 1.8 : 1.5 : 2.0 : 1.6
2 : 2.9 : 2.9 : 2.7 : 262
3 : 540 : 3.8 : 3.3 : 3.1
4 : 5.7 : 4,7 : 503 : 33
5 H 9.6 H Ted : 7.4 : 5.2

* Complete data presented in table XIII, Appendixe

The date show on the sverage, a tendency for the samples having
the longer holding periods to have a greater stability toward oxida-
tion than the cream that was flesh treated. This tendency for the
longer holding periods to stabilize the fat against oxidation was also
observed in each individual trial. The samples heated for the five
and 15 minute holding periods showed little difference in stability,
whereas the lots held for 30 minutes showed distinctly greater stabil-
ity than any of the other lots.

Effect of heat treatment upon metallic induced oxidation: A study

was made of the influence of metals upon the oxidation of butter oil
when the catalyst was added before and after pasteurization of the
cream at different temperaturese

In the first series of experiments, metal contamination was prior
to heat treetment. The cresm was divided into four lotse The first
lot wes pasteurized at 62,8°C. (145,0°F.) for 30 minutes and served as
the control. To the remaining three lots, five ppm. of copper were
added in the form of copper sulfate solution. One of these copper=
contaminated lots was pasteurized at 62.8°C. (145¢0°F.) for 30 minutes

snother at 85,0°C. (185.0°F.) flash, and the other at 90.6°C. (155.0°F.)
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flash. The stability of the butter oil of each of these lots of
cream toward oxidation was determined in the hot air oven. Average
results of two trials ere presented in table 28 and ere shown graph-
ically in figure 7.

Table 28+ Influence of heat treetment of cream upon metallic induced

oxidetion when metal contamination occurs before pasteuri-
zatione *

Peroxide value

Oxidetion Cogtrol : 5 ppm. copper
sequence :62,8 =30min :62.8°=20min :85.,0°-f1ash:90,6 =flesh
1 : 246 : 8e4 s 1.8 s 1.7
2 : 3.1 : 12.2 : 362 H 262
3 : Te6 : 12.0 : 4,5 : 367
4 : 8.3 : 15.9 H 5.4 H 5.4
5 : 9.7 : 19.7 s 6ol : 7.1

* Complete data presented in table XIV, Appendix.

These results show the expected marked increase in the rate of
oxidetion of the copper conteminated samples pasteurized at 62.8°C.
(14540°F.). Fat from the metal containing cream heated to 85.0°C.
(185.0°F.) showed slightly more stability toward oxidation than the
control cream whereas that cream containing metels heated to 90.6°C.
(195.0°F.) showed considerably greater stability toward oxidation
than the control lot. 1In earlier studies, the results of which are
presented in table 26, it was observed that such temperatures showed
no appreciable influence upon the stability of the oil as compared
to those semples pasteurized at 62.8°C. (145.0°F.). No explenation
is offered es to why samples heated to 85.o° and 90.6° C. in the
presence of metals show less oxidetion than when no metal was present.

The influence of adding metals after pasteurization upon the
oxidation of the butter oil was likewise studied by somewhat the same

procedure. In this experiment, the pasteurized creem was cooled to
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holding tempersture and the copper was added end thoroughly mixed with
the creame The cream was then aged for 12 hours before churning. The
average values of four triels are given in table 29, end are illustra-
ted by figure 8,

Table 29, Influence of heat treatment of creem upon metallic induced
oxidation when metel contamination occurs after pasteuriza-

tione
: Peroxide value
Oxidation : Control 5 ppme copper
sequence 16248°-30min.:62,89-30min.:85° = flash:90.6°-flash
1 H 2.8 H 703 H 304 H 302
2 H 3.1 H 9.0 : 402 H 308
3 H 4,9 H 9.9 H Te3 H 507
4 : 6.9 : 13.0 : 8.7 : 769
5 H 12.7 H 21e3 H 10.6 : 9.9

* Complete data presented in table XV, Appendix,

These data show the addition of metels to cream after pasteuriza=-
tion to be effective in accelerating oxidative changes regerdless of
the temperature used for pasteurization. Howeﬁer, the cream heated to
85,0°C. (185.,0°F.) and 90.6°C. (195.0°F.) show greater stebility against
metallic induced oxidetion than the samples of cream heated only to
62.8°C. (145.0°F.). Nevertheless, none of the samples having metel
contamination showed as much stability as the control samples. The
samples pasteurized at 90.6° C. (195.0°F.) showed the greatest stabil=
ity of those samples having metal contemination and was only slightly

less resistent to oxidetion than the fat from the control lote
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Studies on Avenex Concentrate

The antioxidant power of Avenex Concentrate was studied when the
Concentrate was added to filtered butter oil and to the cresam.

In studies dealing with butter oil, creem from raw milk was pas=
teurized, cooled, and aged six hours before churning. After filter-
ing the butter oil from the butter, five ppm. copper in the form of
copper chloride solution was added to half of the butter oil. Both
the control and metal containing samples of butter oils were divided
into equal portions end 0.015 per cent Avenex Concentrate was edded
to one portion of each. To be certain of thorough mixing, 300 mle of
a1l samples were placed into 500 mb Erlenmeyer flasks and shaken in a
mechenical sheker for 15 minutes. The butter o0il was then stored for
12 hours after which time it was oxidized in the hot air oven. Aver-
age results of three trials are presented in table 30. Since fhere
wes a difference of several hours between the induction periods of
the normel and copper containing samples, such a comparison cannot be
made from the average datd in table 30 but will have to be made from
individual triels in table XVI of the Appendixe

Table 30« Influence upon oxidation of adding Avenex Concentrate to
butter oile. *

Oxidation Normal butter oil 5 ppme copper

sequence No Avenex Avenex No Avenex Avenex
1 4.2 3.1 4.2 4.2
2 4.0 4.5 4.6 5.1
3 6.0 4.6 7.1 5.3
4 TeT 6.4 Te7 6.6
5 11.7 97 10.8 83

*Complete date presented in table XVI, Appendix.
**Values in peroxide numbere
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These averages, os well as the individuel trials, indicate a
slight retarding influence on oxidation by Avenex Concentrate when
added to both normal and copper containing butter oil. However,
this inhibitive influence is not too definite, the samples contain-
ing concentrate having about one hour shorter induction period than
those with no antioxicdante

Further studies were conducted in which 0.05 per cent Avenex
Concentrate was added to normal cresm and to cresm containing five
ppm. added cooper. A control seample wes included in each trial.

The cream was aged 12 hours after adding the copper and antioxidant,
then churned, and the oil filtered from the butter. The induction
periods of these samples of butter oil were determined and the aver-
age of three trials ere given in table 31,

Table 31. Influence upon oxidation of adding "Avenex Concentrate"
to cream after pasteurizatione*

Oxidation Normal cream 5 ppme copoer

ssquence No Avenex Avenex No Avenex Avernex
1 2e0%% 1.7 4.9 Sed
2 346 3.4 6.2 349
3 4.6 4.7 8.6 5.8
4 64 5¢3 9.4 6.1
5 6.8 5.4 11,6 846

* Complete data presented in table XVII, Appendixe.
**x Values in peroxide numberse
These results show no appreciable influence of Avenex Concentrate
upon oxidetion when added to normel creeme. However, in the presence of
a metallic cetalyst, the Concentrate did show an appreciable antioxi-
dant action. This tendency was uniform in all three individual triels,
with the Avenex-conteining semples showing about two hours longer in-

duction period than similar semples without the antioxidante
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Since the destruction of vitamin A in fish oils has been shown
to coincide closely to the peroxide formetion, the possibility exists
of a relationship between carotene destruction in butter fat and per-
oxide formation. If a close relationship does exist, determination
of the carotene content could possibly be used as a method of deter-
mining the end of the induction period. Studies of the carotene con-
tent of butter oil oxidized to differént peroxide contents at differ-
ent temperatures in the hot air oven were made. The results of these
studies are given in table 32 an average of which is shown graphically
in figure 9.

Table 32. Comparison of carotene destruction and increases in perox-
ide content of butter fate*

700 C. 1009 C. 130° C.
Peroxide Peroxide Peroxide
value carotene value carotene value carotene
0.0 8.14 0.0 8.14 0.0 8.14
1.1 4,42 Oe8 5.11 3.1 2038
1.9 3e37 1.4 4.14 4,1 1.32
25 2452 240 399 563 0.90
3¢5 1l.81 2.9 3e16 6e5 1.26
4,5 2011 5.0 1.81 T¢5 le22
78 0.72 T7¢3 1.09 8¢5 0.86
19.6 14,05 10.0 0463 9.5 0.63
37¢3 0455 13.4 0.74 12,0 Oigﬁ

* Carotene expressed as micrograms per gme fate

These figures and the curve show a close correlation between the
destruction of carotene snd the formation of peroxides, especially at
the lower peroxide values. The most rapid changes in carotene content
resulted before a peroxide value of three was reached. Beyond this

peroxide value the carotene content decreased steadily but slowlye.
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No significent difference was observed between the samples oxidized
at various oven temperaturess.

From the data obtained, it seems entirely feasible to use the
carotene determination as an index for quantitatively measuring oxi-
dative changes of butter fat. The carotene determination is especial=-
ly sensitive in detecting initial changes of oxidation; for example,
about 50 per cent of the carotene had been destroyed before a peroxide
value of 1.5 had been reached. The oxidation, as measured by the per-
oxide value, takes place slowly up to a peroxide value of l.5. Above
this value,the peroxide formation increases rapidly. Therefore, the
cerotene determination offers e more sensitive index of initial oxi-
dative changes of butter oil oxidized in the hot air oven than does
the peroxide value. However, this same relationship between initial
oxidative changes and carotene destruction may not exist if the butter
fat is allowed to oxidize under different conditions, such as the oxi-
dation of cream or butter in storage.

In all trials, the carotene content of the fat did not drop below
0+48 micro-grams per gram of fat even in extreme cases of oxidation.
This discrepancy may be due to the presence of small amounts of unoxi-
dized carotene or possibly other substances that may interfere with the

photometric measurement,
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DISCUSSION

Studies of the seration method of accelerating oxidation of
butter fat indicate that if proper technique is exercised this method
will give reliable results. Triplicate determinations of the induc=-
tion period of five fats having induction periods ranging from 5.4
to 22.3 hours in length revealed maximum errors in induction periods
from 3.8 to 1l.1 per cent. These results show even greater accuracy
than reported by Freyer (40) who found that by allowing 17 per cent
error in induction period, some of 11 different laboratories reported
results outside this liberal ranges.

The oven method, when veriable factors were controlled, also
permitted accurete determination of the induction period. Studies
involving quadruplicate determinations of the same fat showed a maxi-
mum difference in induction periods from 3.3 to 14.7 per cent,
results comparable to those secured with the aeration method. Addi-
tional data obtained by making a direct comparison of the two methods,
indicate no significant difference in their accursacye

The oven method used in this study gave much closer agreement
between duplicete ssmples than the method used by Dahle and Nelson
(33)s These workers oxidized butter fat in an oven at 60° C. in 50 mle
stoppered test tubess The samples were allowed to oxidize for 15 days
and samples were taeken at definite intervals for peroxide determina-
tions. The induction period of identicel tubes of the seme fat varied
as much as four deys; a 26.7 per cent variatione

Control of factors which may contribute to uneven oxidation is

necessary if an oven method is to he setisfactorily used. The factor



- 87 =

of temperature control is especially important. The position of the
samples in the oven, and the use of positive air circulation are
other necessary considerations as shown by the results secured in
this studye.

The temperature at which fat should be oxidized in an accelera-
tion method is a question of importance. Too low an oxidetion tempera-
ture will prolong the induction period, thereby invalideting the ad-
vantaze of the rapnid oxidetion method. £lthough 100° C. was found to
be a desirable temperature to oxidize butter fet, different tempera-
tures would necessarily be used with other fats having greater or less
stability toward oxidation than butter fat. Furthermore, it may be
advantageous to vary this temperature in the case of butter fat for
different size samples or for differences in surface area of the fat.

Since the rate of oxidation of fat in the hot air oven is influ-~
enced by the surface area per volume of fat, the splashing of fat on
the sides of the beakers must be carefully avoided. Such a practice
increases the surface area thereby increasing the speed of oxidation.

Even though the oven method is not perfect in many respects, it
does offer certain advantases over the aeration methode The oven
method appears to be as accurate as the aeration method and in certain
commercial laboratories would likely be even more accurate. It requires
fewer pieces of epparatus to cause contamination and the operastion pro-
cedure is more simples Furthermore, the apparatus necessary for the
oven method is relatively inexpensive and may be used in other labora=-
tory operations. However, before adopting an oven method, preliminary
studies should be made by each technician to determine the control

measures necessary to insure accurete results under his ovm conditions



- 88 =

and with the apparatus available. Individual ovens may vary greatly
as to air agitation and temperature uniformity, and consideretion
should be given to the possibility of such vuriationse

One point that should be mentioned in connection with any method
used for the acceleration of oxidation is that of cleaning and rinsing
the glasswere coming into contact with the fat. The test tubes, air
tubes, and condenser tubes of the aeration apperatus, and the beakers
or other fat containers used in the hot air oven, should be given a
thorough treatment so as to te certain that every trace of impurity
is removed. Thet the treatment of glassware used in oxidation studies
must be thorough and ripgorous is indicated by the work of Laug (66)
and Stebnitz and Sommer (115) who found that several rinsings with
distilled water were necessary to eliminate cleaning compounds from
the glass.

The fact that extremely high temperatures may effect destruction
of the natural antioxidant properties of butter fat or possibly pro=-
duce slight oxidation, is indicated by the results of the studies on
heat treatment of butter oiles This may be an important consideration
in the preservation of butter oil by heat sterilizatione

Heating the cream to temperatures above the temperature of boil=-
ing water caused considerable decrease in stability of the resulting
butter fat. Practical application of these findings may be made in
the case of the cream pasteurization processes involving extremely
high temperatures. However, in practice, when temperatures above
boiling are used, the exposure is instantaneous. Thus, the actual
treatment would be less drastic than in these trials in which the

steam autoclave was used and the samples were held at the designated
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temperature for 30 minutese

The studies of the effect of heat treatment of cream upon metallic
induced oxidation were particulerly interesting. 1In this connection
temperatures of 85.0° C. (185.0° F.) and 90.6° C. (195.,0° F.) were of
advantage in reducing oxidative chenges as compared to 62.8° C.
(145.0o F.) both when the metal was added before and after pasteuriza-
tion. These observetions are in line with the findings of Ritter (93)
who found that cream pasteurized at 90°C. did not develop fishy flavors
whereas that processed at lower temperatures was conducive to this
flavor changes

From the findings of Gould and Sommer (42) end Josephson and Doan
(58) the preservation action of temperatures of 85.0° C. (185.0°F.)
and 90.6° C. (195.0°F.) may be expected. These investigators found
that heating milk momentarily to 76.0° to 78.0°C. caused a formation
of highly-reducing sulphur=-compounds resulting in a lower oxidation=-
reduction potential and a prevention of oxidized flavor development,
Therefore, pasteurization of cream to temperatures from 8540° C.
(185.0° F.) to 90.6° C. (195.0° F.) should form sulphides, some of
which would remain with the butter after churning causing the butter
and butter oil to be more stable toward oxidative chenges during stor=-
age.

The sulphur compounds also would prevent oxidation by inactiva-
tion of metallic catelysts which may be present. This fact is espe-
cially pertinent to many processing plants practicing high temperature
pasteurization of creame The results in this study show that tempera-
ture of 85.0° C. (185.0° F.) end 90.58° C. (195.0° F.) have en inhibite-

ing influence upon metallic induced oxidation, especially when metal



contaminetion occurs before pasteurization. The findings indicate
the extreme necessity of preventing metallic contamination after
pasteurization in order to enable maximum stebility of butter against
oxidation during storagee.

Results secured with Avenex Concentrate agree with those obtained
by Dahle and Nelson (33) but do not agree in all phases with those
secured by Musher (83). The data herein presented show that adding
Avenex Concentrate to butter oil with and without metal contamination
created no great increase in stability of the oil toward oxidation.
Contrary to this, Musher (83) found the addition of from one to five
per cent Avenex to butter oil increased its stability against oxida-
tion from 180 to 280 per cent. The reason for this difference may
have been (a) Musher's use of extremely unstable butter oil, (b)
Avenex was used by Musher whereas Avenex Concentrate was used in
these studies, and (¢) Musher used much higher concentration of the

oat flour product than was used in these investigations.
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SUMMARY AND CORCLUSIONS

Preliminary studies were conducted of the peroxice method to
ascertein the possibility of decreasing the amount of solvent and
potassium iodide used. Data which were secured indicate thet the
amount of solvent cannot be reduced apprecisbly without decreesing
considerably the meximum peroxide value obtained. However, the
concentretion of the potassium iodide solution can be altered from
the recommended ssturated solution to a 50 per cent solution with
only & slight decrease in peroxide value.

Comparison of the acic degree end peroxice value indicetes
thet the acid degree is not sufficiently sensitive to be a desirable
method for detecting initiel oxidetive changes in butter oile

Investipgations were made to compare the seration and hot eair
oven methods of accelerating fat oxidstion at 100° C. Results
showed these two methods to be equally reliable when careful technique
was exercised and consideration was given the influence of certain
varieble factors. Under carefully controlled conditions, the differ=-
ences in the induction periods of the seme fet should agree within 6.4
per cent. This would emount to 0.€4, 1.28, end 1.92 hours difference
at 10, 20, snd 30 hours induction periods respectivelys

Air agitation, position of the samples in the oven, size of sam-
ples, and the surface erea of the samples are factors influencing the
eccuracy of the oven methode In the oven used, it was found necesssry
to use positive air circulation to enable minimum temperature varie-
tion between different samples on the seme shelf'e Also grouping of
semples in the middle of the shelf reduced the maximum temperature

varistion. The bottom shelf of the oven studies had e consistently
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higher temperature than the top shelf,

The induction period of butter fst as determined in the oven
method is influenced by the surfece ares egnd the size of sample. The
rate of oxidation incresses directly with the surfece area dnd inverse-
ly with the size of sample.

Studies were made of the oxidation of butter fat in the hot eir
oven at different temperatures by using two identical ovens reguleted
et 70.0° and 100.0° C. end then at 100.0° and 130.0° C. The tempera-
ture of oxidation was found to have little influence upon the accuracy
of the method, the results showing 9,9, and 9.4, end 11.6 per cent
maximum devietion respectively between 70.0°, IOO.OO, and 130.0° C.
Consequently, the temperature which should be used, in one which per=-
mits rapid acceleration of oxidation without undue destruction of per-
oxides. At the seme time, the rete of oxidation should be so governed
thet semples meay be removed for examination at intervals convenient to
the laboratory opersestors

The heating of butter oil to 127.0° C. (262,0° F.) for 30 minutes
in the autoclave markedly decreased its stability, wheress heating to
109.8° C. (229.60 F.) for 30 minutes did not eppreciably influence its
rate of oxidation as compared to non-heated butter oile Butter, as
such, sppears to be much more stable against oxicative changes than
the filtered butter oil.

Pastevrizetion temperatures of the creem up to and including
90.6° C. (1954,0° F.) did not decrease the stability of the resulting
butter oil. In fact, longer exposures of the cream to 90.6° C. (195.0°
F.) appeared to increase the stability of the butter oil slightly,

although the data were somewhat varieble,
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The addition of five ppme copper to cream before pasteurization
did not increase the rate of oxidation of the butter o0il when pas-
teurization temperatures of 85.,0° C. (185.,0°F.) and 90.6° C. (195.0°
F.) were used. However, the fat from similerly treated cream that
was pasteurized at 62.8° C. (145.0° F.) oxidized considerably sooner
than the controle

When metel contamination occurred after pasteurization, the cop-
per containing seamples oxidized more rapidly than the control at all
temperatures studied. However, in the case of samples heated to
85.0° C. (185.0° F.) and 90.6° C. (155.0° F.) this increase was only
slight wheress at 62.80 Ce (145.0o F.) the increase was considerables

Although heeting cream to 85.0° C. (185.0o F.) and 90.6° C.
(195.00 F.) had no harmful influence on the stebility of the butter
0il, temperatures of 109.8° C. (229.6o F.) and 127.0° C. (262.0°F.)
decreased the stability of the butter oile. The higher temperature
was especielly effective in this connectione

On the basis of the results of this study, pasteurization tempera-
tures for creem of approximetely 85.0°C. (185.0° F.) to 90.6° C.
(155.0° F.) should be used from the standpoint of reducing the cata=-
lytic influence of metallic conteminatione

The addition of 0.015 per cent Avenex Concentrate to butter oil
retarded only slightly the rate of oxidation of the butter oile When
0.05 per cent Avenex Concentrate was added to cream efter pasteuriza-
tion, the retarding influence on oxidetion was only slight when normel
cream was used. However, when metal contaminated cream was used, the
influence of the entioxidant was more pronounced.

Comparisons were made of the carotene destruction and peroxide
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formation by determining the carotene content of butter fat at wvarious
peroxide values. £veraze results showed thet by the time the peroxide
velue hed increase~d to 2.0, the carotene content decreassed from 8.1 to
3.4 micro~-grams per zram of fat, =« decrease of 58.0 per cent of the
total carotene. This indicates the possibility thet the carotere
determinetion mey be & more sensitive index of the initial oxicdetion

of butter oil than the peroxide value.
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Table IV. Relative length of hours induction periods of top end
bottnm shelves of hnt sir oven. *

Top Bottom *  Top Bottom :
shelf shelf :Nifference * shelf shelf :Diffarence
18.0 : 17.0 1.9 * 17,0 : 15.5 : 1.5
17.0 H 17.5 : -0e5 * 19.0 H 17.0 H 2.0
19.0 H 18.0 H 1.0 * 21 o0 : 19 o0 2.0
16.75 : 15.25 : 1.5 *  22.0 s 20425 1.75
15.5 : 1540 045 * 14,75 ¢ 1640 -1.25
15025 H 14.'.75 H 0.5 * 2275 1900 H 375
15.26 : 14,50 : 0.75 * 20475 19.5 : 1.25
16o5 H 15.25 H 1.?5 * 18.75 17025 H 105
1545 : 15.25 : N+25 * 1845 16.5 : 240
1545 15.0 : 1.590 * 18.0 17.25 : 0.75
13.25 : 13.0 s 0425 * 16.25 : 1640 0.25
13675 s 12.75 : 1.0 * 16,75 : 15.75 1.0
2340 : 194,50 : 3.5 * 17,0 : 16.75 0.25
14:05 H 12.0 H 205 * 20-25 H 19075 005
11.5 : 11,0 : 0.5 * 19.95) s 2040 =045
2040 19.0 1.0 * 21.0 20475 : 0.25
14,0 12.75 : 1.25 * 20425 20.75 s =045
16.0 14.D : 2.0 *  25.0 : 21.5 3eH
1840 16.25 : 1.75 ¥ 18.5 :  18.0 0.5
17.5 1640 1.5 *¥ 2240 : 19.0 3.0
17.0 15425 : 1.75 * 22640 s 20.0 2.0
2005 H 1900 : 105 * 2000 : 19.0 : 100
19.0 s 20675 : -1.75 * 2040 : 18,75 : 1.25
2040 : 2040 : 0.0 * 2040 19.D : 1.0
19.9D : 19.0 : 0.0 * 2260 2240 0.0
2400 H 22.0 : 2.0 * 23.5 H 2200 ].5
2105 : 20.0 : 1.5 * 2240 H 21‘9 1.0
2005 H 19.0 : 0.5 * 21025 20.0 H 1025
2540 : 23.25 : 1.75 * 23,75 s 23.25 : 0450
23.0 H 21075 H 1.25 * 26.0 2500 H 1-0
2600 25025 H 0.75 * 2305 H 23.25 . 00?.5
250() H 23025 H 1075 * 19.0 H 20425 : ‘-1025
20.5 H 20075 H =-0.25 *

* Peroxide vualue of 2 considered end induction periode
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42.8

1.7
3‘5
348
7.0

1.6

1.9
246
4.7

22

2.7
346
5.6

1.9
5.8
9.3

24
26
28

oo

130% Ce

4.1

4.4
6.9
8e7

10.4

3.8

7.3
8e3
12.4

6e2
8.4
11,2

8.4
11.7

L

&

*Values renorted in peroxide number,
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¥ken from the szma shelf of the hot air oven.

Difference :
between
a end b

rs

Trials determining variat
a

samples of fat ta

Peroxide wvalne

Hours
oxidation

Table VI.

H O Ny
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A WD D N
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NN Oy
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M
e o
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8
17.7

8o 7
15.9

4.1
0.4

12.3
Te3
4.2

16.9

8e7
TeT
740
1509

24
22

o~
&~

11.5
14.8

Te7

2.8
1.0
87

18
24
14
14
14
14
14
14

4.5
1.7
1.2
2.1

18.1
16.0
18,8
20,2
17,1

3'1

19.8
15.4
19.2
19.2
8.4
6e5
4.3

14
14
14
14
14
13
12
17
14
12

1.5
2.1
240
2.7
1.4
0.2

2845
1843
13.3
13.4
16.5
22.2

5.3

4,1

19.8
19,5
15.4
15.4
19,2

349

1.7

11

5.5
4.8

Te5
4.0
4.6

o

Oe

10,2
2040
942
14.7
N1
0.7
1.6

37
2542
49.1

6.7
10.4
13.0
34.3
3443

1.3

3.9
1040

1540
29.1
369
8.9
11.1
25.1
49,0
1.2
4,6
11.4
- (continued)

24
36
12
20
24
35
43
15
19
23

065
5.8
7.6
375
0.0
2e3
340

18.0
43.4
393
7.9
9.4
17.3
21.5
Te7

Teb
23.8
3548
7548

7.9
11.7
14,3
15.4
4642

1.5
13.5
17.5

22
26
48
14
18
22
26
48
17
21.5
27




Difference
between
a snd b

2345
53,1
0.7
4.4
5.6

a
346
39
5.7
5.7
53
6e3

2245
348

Peroxide velue
40,8

Hours
soxidation
35
43
10
12
12
10

.
.
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Differ=nce :
between
e and b
1.3
12.2
5.2
0.2
1.9
l.4
0.9

18.5
39.1
55.7
l.4
1.8
1.7
5.8
34
2.3
3T
8.1

(continued)

a
1.5
3e5
4.4
245
2¢5

17.2
1.5

Peroxide vulue

2649
5045

Hours
oxidetion
27
39
43
11
11
12
11
15

Table VI.

w0 <A

o o
~ o~

7e8
4.9

24
24

2.0
1.8
1.7
0.5
0.7

5.7
6e3

16
24
24
24
24

0.7
0.7
0.9
0.8

5.5
70

6e3
5e3
6e3
6.3

24
24
24
24

8.0
5.8
70
5.4:

6e3
643

72

o

NeJ

5e¢5
4.5
53

6e3 2.9
6e3

24
24
4

® O
~ -

24
24
24
24
24
24
24
24
24
24
24
24
24

l.4
l.4

737

14.1

7e9
Te9
7.9

1.1
4.7

Ted
12.5

€3
7e9

24
24
24
24

« o o o
~ O q!

14.

3e3
1.5

4.6

(2}

1.8
26

3.0
749
6.1
S5e3

7.9
Te9
749
7e9

2.4
3.0
4.0
0.7

643
5e5
4‘9
11.9

Te9
Te9
7e9
7.9
7.9
7.9

24
24

2.2
0.2

5.7
55
4.4
4.9

7.9

(2N

0.9

4.5
4.8

S5e3
5e¢3
S5e3
53
53

1.2
2.1
0.8
1.7
040

6.7
T.4
B.1
360

53
5¢3
5.3

24
24
24
24
24
24
24

w

@)

24
24

5.3
348
9.8

(o)
(@]

4.5

53

1.5

563
5,3

5¢3 3.4 1.9
540

5¢3

24
24

D49

5¢3

H O O o

N OO~

78
5.0
3e6
2.5

4.4
4.4
4.4

24
24
24

l.6
O.3
0.9
2e4

6.9
4.7
3eD
2.0

543
4.4
4.4
4.4

1.1
1.5
1.7
1.3

C.9

640
2.7
3¢5
3.4
1.9

(continued)

4.4
4.4
4.4
2.1

24
24
18
18

l.4
1.7
2.7
1.3
5.0
1.2

3.0
2.7
7.1
3'1
9.4

4.4
4.4
4.4
4.4
4.4
2.1

24
24
13




Difference
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9.7
10.3

a
2.6

Peroxide value

12.9

20
22

Fours
toxidation
16
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1.5

Difference
between
a eand b

0.1

(continued)
11.4

a

Peroxide value

12.9
11.

Hours
oxidetion
20
22
22
1€

Table VI.

©

D~

11.9

10.5

o>

042
0.9
0.2
2.7
1.5
0.0
0e2
3.0

1.7
342
2,1
369
3.4
3.0
l.4
1.6
1.8
5.0

l.4
l.4
2.3
263
6.6
1.9
2.8
5.8
1.6
2,0
240
Tel

16
16
22
22
25
26
26
29
26
29

8.1
0.2
1.4
2.7
5T
0.2
0.1

20,0
1.2
1.8
8.0
1.9

T3
1.%
1.8
1.9

l.4
203
6.6
5.6
2.8
6.8
648
1.6
240
Te1

11.9

22
25
25
26
29
34
34
26
29
29
31
34
34

2.0 1.9

2,0

26
26

5.7
0.2

12.8

~i

2.8
1.9
1.3

2.1
1.7
842
4.4
9.0

Ged
10.3
37
37

30
32
30

28
242
0.2
1.7

242
1.7
8.1
11.5
Se5

2,0
4,5
4,5
Ged
10.3
10.3
20].
3e7
7.2

25
28
28
32
32
28
32

O 9 M W

~ O

a, @
™M~

S ]

o o
a2

24
24

9.3 2.1
107 L]

5.0

Te2
2.1

(continued)

348

26




(continuec)

Teble VI,

Difference

Difference :

between

Peroxide velue Dbetween Hours Peroxide velue
soxidation

Hours
oxicdation

e and b

a

a snd b

a

0.5

1.3

32

28

8.0
12,2

28
30
30

9.7

12.2

C
[Sp)

1.6

13.8

(o))

3e4 2¢5

26

12.8

12.2

6e7
6.7

30

5.8

€e7
15,0

1l6.8

5.4

26
26

13.8 1.2

15.0

32
26
28
28

5.4

4.2 l.2

5.9

5.4
€4

0.6

5.8
8e7

13569
9

32

9.0

30
30

ot

8.4
o2

4.9
4.5

a,

2.0
14.4

32

4.6
1.8
0.2

9.8

9.0
4

243
2.3

24

14.4

1.7

245

243
4.3
4.3
10.0

24
26
26
28
24

26
23

3.0

[\

13.4 3e4

10.0

249
6.3
242
4.2

3e7
0.9

4,6

(]

25

1.1

3]

24
26
28
28

l‘?
0.8
0.2
0.0

6.0
1.6

22

22

1.7

1.7

22
Total semples

327
Averase

o5

7.84




246
87
9.7

10,2

2.4
6.1
11.4
10,5

nadruplicatex

)
X
2e7
5.1

12.9
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2.9

10.8
200

Hours
oxidation :

18

kccuracy of oven method in detecting the end of
16

induction periode
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Teble VII,

' !
(]
. ~ |
' {
Yo voldoo N~ mloo s ele o xledow
...C......00.'00..0.0..0.00....00
1‘9~zu1¢1u:u1.1*1;:u9~9u1‘avn¢1‘1+3.Q21 N~ g NI o
— — = “ - 1; —~ -
! [}
| ' '
- L1 e .e . o L1 L1} .o L] (1) (1) e .o o .‘ .. - .. . .. . . ' o (1] (1] .
1 | !
| | |
| 1
W ool O N W weo Nlo - 5“5,8 s~ o wld oo o C It w
e @ el e o o6 o] 6 o o ol e o o o' @ 0o o o o o o e[ 6 o o o] e o+ o e 0o o
113]351_11262141.11271371’,1242450u434.
~ —! ~ — —~)
ﬁ \
’ —
1] L1 OOW (1] LX) (1) - L] 1] .. .. L] . Ll
)
! !
ONC|lrwAT|On ool o oo e = g N o
.........O.‘..Q.....~...0‘..._.0.0“.
OO N Ol AN OO N %43.5 oGl 5.9"5 W o ol
~ —
.
A
~ L}
L 1] «
N OO TADL O~ ~N ~N~ o0kl e~
.......‘..........l.-........“....
12611251117.24Q»8124725801l.393_6689
m — —
. . (1 L] L] 1] . ‘ Ll L1) .o L1 L1 (13 (1) L1 1 L] 1] L] (1] L] . .
]
o wlo o~ <o oo~ Qo oo o © o i o clsto a olo o o cvto
P IS BEOLE (AVENAV BN AR AN (aV BN AV BN AT SRl [aN B VN Io RN CAN [V B AV 3“229H322?32233.2
1
!
|
ee eoloe eo oo eolee s es ecfee oo ee seles o ol . e e aele
\
|
'
a3 <t Te) O o~ 0 (o}

11.1
3.4
6.0
T8
245
403
840

.
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15.0
l.7
3.2
4.3
5.0
243
2.9

5.8
6.7
2.0
2e3
4.5
2.9
4.9
10.0

25,8 :
22 :
1.7
Te3

13.4
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&

28

30

26
— B

26

28
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* Values reported in peroxide n
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Table VIIT. Precision of the oven and aeration methods of detecting
the end of the induction period.

Oven methodx : Aeration method*
Hours  : 7% - :  hours Tty
oxidation : & : b : oxidation : a : b
- T TTTTTmermTm T Trial I TTTTTTTTTT T
11 : 0.8 H -—— : 19 : 1.3 : 1.3
16 : 23 : 2.2 : 22 : 4,1 : 8;3
22 : 8.5 8.9 : 23 : 7e2 : 11.2
23 3 9.3 665 : -——— : -——— : —-——
25 : 8.9 8e¢3 : -—- -—- -——-
Trial IT
11 : 0.7 -— : 19 : 5.3 : 6.7
16 : 4.7 : 243 : 20 : 11.8 : 11.5
22 s 38 : 9.0 : 21 : 21.2 : 1845
23 : 10.4 : 6e2 : -— : -—— -—-
25 : 9.1 14.7 : - : ——— —-———
Trial III
18 : 2.7 : 3.5 : 22 1.5 1.9
22 3 4.5 : 5.2 : 24 8.1 9.0
24 : 8.7 : 9.3 : -— -—- ———
Trial IV
10 : 1.2 : ——— : 16 : 2.0 : 1.8
11 : 1.5 : 1,7 : 17 : 4.5 : ———
12 : 3.7 : 366 : 18 11.8 12,7
Trial V
10 H Soq 4.4 H 13 H 107 H 100
l] H 4.4 508 . 15 6.3 205
12 : 7¢6 5.5 s 18 : 14.5 19.1
Triel VI
13 : l.56 1.5 : 17 1.5 : 1.5
15 : 205 3.4 H 19 H 1.4 H 205
16 . 507 703 H 21 H 4,3 H 806
Trial VII
13 : 3.8 2.6 H 15 104 107
14 : 5.1 5.5 16 1.6 l.4
15 Te3 6.7 : 17 6e2 6e2
Trial VITI
11 H 103 101 : 19 : 1-5 H 108
12 : 4.5 4,1 : 2045 : 2e4 2.4
13 3.7 4.4 : 21 8.4 10.1
Trial IX
1]. 309 503 H ]8 H 4-8 H 3»6
12 H 503 H 6e5 H 18.5 H 5.7 H 5.5
13 H 804 H 8.1 H 19 : 16c4. H 1807
Trial X
14 s 1.7 : 1.4 : 20 6.0 : 1.6
16 : 107 H 207 22 1.9 H 107
17 : 4,3 : 2.8 : 24 3.7 : Te3
Trial XI
11 : 1.3 : 1.5 : 18 : 1.7 1.8
12 : 2.1 : 4,0 : 19 : 10.4 : 4.3
14 : Teb 5.5 s 19,5 4,8 18.1

* Velues reported in psroxide numbers,
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Table IX. Influence of drying the eir upon the rate of oxidntion

of fat by eeration methed,

Air dried

With Fip304%

c :

Hours : Controlx :
oxicdation : a : b : a
Tria

=

~N O o

L ]

(o2

.
==

[ ]

N NN
L1
=
[ ]

1 : . s s 12,
17.5 : : : : 15,
19.5 : 5.8 : :

Trial
19.0 : 1.0 : : 5.0
19.5 : : : 1.3
2040 : : : 1.0
205 : s : 1.0
210 : : : 1.1
2240 : 1.3 : s 34,1
24,0 : 1.7 : :
2640 : 1.3 : :
2840 : 1.5 : H
30.0 : 4.4 :

Trial
20 : 1.0 : : 1.2
21 : : : 1.2
23 : 1.3 : : 1.4
25 : : : 1.4
27 : 1.5 : : 2.2
29 : 3.1 : : Te0
31 : 2.1 : :

II

—
=
.o (1] oo H .o

: l.4

: 263 :
. 1.8 H
: 5.6 H
: 4,7 :
s 6.7 H
: 59 :

I I
L]

O QR N®H O

® 60 90 00 0 90 oo

1.3

*Values reported in peroxide numbers,.
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Table X. Comparison of rate and extent of oxidetion with hot air
oven end aeration methodse

Hours Trinl Ix Trial TII*
oxidetion tven Aerstion Oven Leration
12.0 4,7 -—— -—- -——
12.0 -—— 2.5 —— -—
1345 ——— 8.1 —-— —_——
14.0 8e7 -—— - ———
1405 —-—— 2508 hadaded an an em
15.0 —_—— -—— 1.5 1.5
15.5 -——- 3360 ——— -———
16.0 9.3 328 -——— ——
1740 -—— 5767 1.8 1.9
18.0 10.3 76e2 -——— ——
19,0 ——— 49,5 349 ——
19.5 - -——— —— 4,3
2040 1345 87.4 ——— -
21.0 badadd 11302 - = Eadadod
21.5 ——— - 10.4 a2
2240 18.4 103.4 - ——
2340 ——— 130,121 10.9 48,0
24,0 17.5 156.2 —-——— -
2640 29.4 15349 -— -——
2740 —-——- ——— 18.5 8243
35.0 - - 26.3 14309
3640 3845 162.5 -——— ———
39¢N —-——— ——— 3645 16843
43,0 ——— - 44,3 182.2
4840 5345 196.4 4643 21746
6040 —-——- —-—— —— 174,5
720 —-—— -——— —-—— 184,1
84,0 -——— -——- —-——— 24245
9640 ——— —— —— 139.4
108,N -—— —-——— -——— 124,5
12040 —-——— —— —-——— 10945
132.0 -——— —— -——— 69.8
144.0 -—— -—- -——- €4.1

* Values reported in peroxide numherse
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Table XI. Influence of heat treatment of butter oil upon its
stability toward oxidetione
Trial Fours : Peroxide value
nwiber : oxidation i Control : 6:/=30 mine : 22:=30 mine
1 22 : 263 5.8
23 : 4.9 s 7.1
24 : 4,3 : 10.5 :
25 : 6.8 : 12.8 :
26 : _13.0 10.7 s
2 26 : 1.3 : 1.4 : 79
28 : 1.4 : 1.5 : 12.3
30 : 6e7 : 42,3 : 3945
31 : 2.9 : 249 : 44,2
32 : 2¢2 : 2.9 : 55.8
33 : 12.9 : 8.0 7268
3 52 H 1.2 H 105 : 6e3
33 H 1.5 H 1.7 : 1406
34 H 203 : 107 H 19.4
35 : 2.1 H 4.8 : 20.8
38 : 349 246 : 29.1
37 H 14-04: Te9 H 3565
4 26 : 1.3 -—— 32
27 : 1.7 -— 1640
28 s 1.3 12.7 300
29 : 1.3 1.3 19.1
30 102 104 -
31 l.4 3 1.5 8344
32 1.7 : 1.3 -—
33 1-7 H 202 6703
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Table XII. Influence of high temperature pustewrizetion of creem
upon oxidation of butter oil.

Trial s hours : Peroxide volue

number : oxidation : 62e8°Ce=3) mine : 859 Ce=5 mine

1 : 12 0

H 14 10-
18 : 2.
lg : 6e
20 H De
22 2
24 2

B N0~ 3» O
DO WD
L] [ ) L] L ] (] L ] L]
I3, IV I JEUC IRUS IS PO

e
.
N

2 : 13 : 6.0
H lr:) H 1105
16 : 10.2
17 : 14,9
18 : 15.0
19 : 18.2 :
20N : 23.5 :

=

S IRV IR SIS e . BEK IRTN
[ ] ® L ]

H OO, Nd

3 s 12 1
H 14 1

: 16 : 1

17 : 1
1

3

4

e o

: 19 :
: 21 :
23

4 : 10 H
: 12 :

: 14

15

16 H )

17 H 140

..
NO OO
[ ] ]
A DLl m O
£

5 : 12 1
: 13 2

: 14 : 3

s 15 : 5
. . 6
8

0

186
17 :
18 : 1

6 : 11 : 0

: 13 : 0

: 16 : 1
: 18 : 1
: 720 : 2
: 22 4
: 23 6

.

AN OO N0
o0 os oo oo oo as
RO HHO




Table ¥II (continued)

Triel :  lours : Peroxide velue
number : oxidation 1 B2.8°C,=2) mine : 90.8°C,=Fflash

1 : 10 069 0.9
H 12 1.‘1 103

: 14 1.7 l.4

: 18 303 106

18 11.3 4,9

20 14.8 TR

22 31,9 16,4

2 : 10 0.2 : 0.8
: 12 1.9 : 1.1

H 14 le2 H l.4

: 16 1.0 : 248

: 18 3.0 H Tol

21 12,3 : 12.0

23 19.3 H 21.1

3 : 10 07 : l.1
: 12 0.2 : 1.2

H 14 H 1.1 l.6

: 16 : 1.5 : 24

. 18 . 109 6-1

20 H 363 9.4

22 : Te5 12.2

4 : 11 1.0 1.0
: 13 : l.2 1.1

15 H 1.2 l.1

17 : 1.5 1.5

19 : 1.9 1.6

: 21 369 2.7

: 23 9.9 Bel

5 : 11 0.9 1.0
: 13 1.1 1.0

15 : 1.2 1.2

18 : 1.6 1.6

20 : 2.5 1,9

22 : 4.2 8.1

24 : 10.0 9.8

€ H 11 0.9 H 1.0
H 13 l.2 H l.2

: 15 : le4 H 1.5

: 17 : 2.0 1.8

19 : 5.1 : 5.7

21 : 8.0 H 12.3

23 : 12.56 16.2

(continued)
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Teble XII. (continued)

Peroxicde value

62.8vC0-30 mine

Fours
oxidetion

Trial

o

°
.

numher

[SATE LIS o RS P o

11
13
15
17

.

19
21
23

20.6

020_.3886
® o o
1120&6

11

.
.

13
16
18
20
22
24

4

.
[ve}
—~

R S B I B
[ ] L ] L ] L]
- W
— o

N YO~O

11
13
15
17
19

21
23

©O

1z,

- 15 mino
6.7
16,0

2=

1t
i

2

10
12

1.9

17.6

18.0

3364

33.1

44.4

2Qu033
11329

14
16

18
21
23

—~

—~

10

12
14
16

18

20
22

(continued)




Teble XII. (continued)

Triel : Fours : Peroxide value
numher : oxidetion 1 62.8%Ce=20 mine. : 22%=320 mine
1 : 12 : 0.9 : 1.0

: 14 : 1.5 : l.4

: 16 s 2.7 : 3.4

: 18 : 6.1 : 6e2

: 20 : 10.9 : 10.3

: 22 H 1207 : 16,4

24 : 12.6 : 17.8

2 : 13 : 6.0 : 6.1
H 15 H 1105 H 1802

H 16 H 1002 H 22

: 17 : 14,9 : 13,9

H 18 : 15.0 : 908

H 19 : 1802 : 1208

: 20 : 23.6 : 17,6

3 : 12 : 1.0 : 2.9
: 14 s 1.1 : 9.6

s 16 : 1.3 : 12.2

: 17 : 1.5 11.6

H 19 H 1.6 18.?

: 21 : 3.1 1745

23 : 4,8 : 2648

4 : 12 : 1.6 : 11.7
H 13 H 200 . 1507

14 : 3.6 18,5

15 : 5.5 13.3

16 : 6.6 17.4

17 H 8.3 . 2106

18 : 1006 1800

5 : 10 : 0.9 : 6.0
: 12 : 1.6 : 17.6

: 14 : 2.4 : 18,9

: 15 : 6e3 17.3

: 16 : 8.0 : 25.8

17 : 12,3 : 24,6

6 : 11 0.7 1.2
H 13 009 200

16 H 1.2 60‘.1.

18 : 1,2 11,5

20 . 2.0 H 20.8

22 : 4,8 23.4

23 : 5e3 : 21.1

(continued)



Teble XII. (continued)
Triel : Hours : Peroxide value
number : oxidation : 62,8YCe=20 min, : 225=%0 min,
7 : 10 : 0.9 : 22.2
: 12 : l.4 : 33.3
: 14 : 1.7 : 31.9
H 15 H 3.3 H 29,0
s 18 : 11,3 : 2742
: 20 : 14,8 : 45,2
: 22 : 319 : 44,5




Table XIII. Influence of pasteurization holding time of cream
on the oxidation of butter oil,

Eours Peroxide wvalue -
0x1dation:90.69Ce=1a5h:30e6%Ce=5 Mine:90.6%Ce~=15 mine:90¢6%C+-20 mine
Trial I
18 H 1.8 H 1-8 H 107 H 1.6
21 : 32 : 366 : 2.1 : 2.7
22 . 806 H 4.9 : 306 H 5.0
23 : Tel : Tel : Te? : 37
24: : 12.5 H 9.4: H 6.9 H 4:.6
Trial II
24 : 2.4 : 2.4 : 3.0 : 2.1
25 : 4,2 : 3.7 s 4.4 : 2.5
26 : 4,7 : 4,9 : 4.6 : 3.8
27 H 6.6 : 5.0 : 6.7 : 4,1
28 H 1201 : 9.3 . 1105 H 704:
Triel III
19 : 1.1 : 1.2 3 1.2 : 1.2
21 : 1,3 : l.4 : 1.5 : l.4
22 : 1.6 : 1.5 : 1.6 : 2.6
24 : 3.3 : 2.1 : 2.0 : 2.1
25 : 4,2 : 3.6 : 3.9 : 3.7
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Teable XIV. Influence of heat treatment of cream upon metallic
induced oxidation. Iletsl added before nasteurization.

Lours Peroride value
oxidation : Control 162e80C4=30 mine: 85 Ce=flash :9048 Ce=flash
162,8%Ce=30 mine: 5 pepem. Cuy : 5 neneme Cue: 5 pepeme Cu

Trisl I

20 : 2.0 H 907 : 1.9 : 108

22 : 2.3 : 12.€ : 3.0 : 2¢5

23 : 6.9 : 13.2 : Sel : 4,0

24 : 8'3 : 1707 H 5-5 H 507

25 : 9.2 : 25.2 : £.1 : B.8
Triel IT

18 H 3.1 H 701 H 106 : 1.6

20 : 349 : 11.7 : 263 : 1.8

21 : 843 : 10.7 : 3e9 s 33

22 : 8e3 : 14.1 : 5.2 : 5.0

23 : 10.1 : 14,2 : 6e5 H 563
Trial III

15 : 9.8 : 15.9 : 10.1 : 7.1

16 : 5.7 : 1£.0 : 4.8 : 4,1

17 : 75 : 14,8 : 8.3 : 4,8

18 : 12.8 : 18.7 : Te6 : £.8

19 : 2047 : 2640 : 16,2 : 10,8




Tehle XV. Influence of heat treetment of cream upon metallic
induced oxidetion. lletel added after pasteurizetion,

: Peroxide valnue
Eours Control 2528 Coe=30 mine: 85 Ce=flash :90.69C.=-flash
0y 1dntion:€248%Ce=30 mine: 5 neneme C1s ¢ 5 pDepeme Cue: 5 pereme Cuo
Triasl I
16 : 1.7 : 3.4 : 1.7 : 1.8
29 : 1.9 : 5.9 : 3] 2.1
21 : 4,4 : B2 : 5.6 : 4,2
22 : o4 : Q.1 : Te9 : 5.1
23 : 9.3 : 13.5 : 9.0 6e7
Trial II
17 : 1.5 : 562 : 1.8 : 1.8
20 : 2.1 : T.7 : 2.8 : 3.4
22 s 3.9 : 8.3 : 5.5 : 5.1
23 : 5.8 : 10,7 : 8.0 : 5.6
24 : 11.6 : 17.5 : 8.6 : 10.1
Trial ITI
22 H 201 : 604 H 109 H 109
24 : 262 3 9.9 : 2.5 : 3.0
26 : 3.5 12.5 : 6.1 : 6.8
27 : 4,8 : 16. : T8 : 12.4
28 H 1008 H 23,9 H 11'6 H 1109
Trisl IV
20 : 5.7 14,3 : 9.0 : 7.4
22 : 6.3 : 12.5 : 8.3 : 6.6
23 : 7.2 s 12.3 : 12.0 : 6.9
24 : 10.2 : 15.5 : 11.2 : 8e3
25 : 18,9 B N2 : 13.3 : 10,8
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Teble XVI. Influence upon oxidetion of adding "Avenex Concentrate"
to butter oilex*

Fours : Yorme1l burter oil : 5 nnm. conner
oxidetion : o ‘wenex : Lvenex : In tvenex ¢ ifvenex
Trial I
19 : 1.7 : 1.6 : 2.0 s 1.6
21 : -——- : -— : 2.4 : 249
22 : —-—— : —-— : 2.5 : 2.0
24 : -——— : -——- : 4.4 : 2.7
25 : 3.1 : 2.6 : 6.4 : 30
26 : 3.9 : 263 : - : —-———
27 : %62 : 2.4 : s
27 : 4.1 : 4,1 : :
Trial II
20 : Te8 H 508 H 6.5 H 6-2
21 : 5.4 : 75 : 7.1 : 7.6
22 : 9.1 : 7.2 : 12.1 : 846
23 : 11.3 : 10.4 : 10.8 : 10.5
24 : 17.2 : 15.1 : 15.1 : 13.0
Trial ITI
22 : 3el : 2.0 : 4.2 : 4.9
23 : 38 : 3e2 : 4.4 : 4.7
24 : 5.0 : 4.2 : 6.7 : 5.2
25 : 6.7 : 6.5 s 7.9 : 6.6
26 : 11.9 : 10.0 : 11,0 : 8.8

* Velnues reported in peroxide numbers,



Teble XVII. Influence uvpon oxidation of adding "Avenex Concentrute"

to cresm after pasteurization. *

Hours t Tbrmiliygfgl : S Fpm.e copper

oxidation ¢ DNo Avenex fyenex ¢ No Avenex : Lvenex
- D S S T
22 : 1.7 : 1.7 : 3.5 : 2.4
23 : - : -— : 3.9 : 3e3
24 : —_——— : - : Ted : 60
25 : 4.2 : 3.5 : 5.8 : 4.7
26 . 402 H 4.7 H 708 H 705
27 : 3.1 : 4.3 : -—- : -—-
28 : 749 : 5.4 : —-——— : —_——

Trial II
21 : 2.4 : 1.3 : 3¢5 : 3.7
22 : —-—— : -——- : Te?2 : 4.0
23 : 3¢5 : 4.4 8eh : 6ol
24 : 6.4 : 6.9 : 1047 : 8.1
25 : 11.1 : Te5 13.5 : 10.4
26 : Te3 : 742 : -——- : -—
Trial IIT

22 : 1.3 : 1.6 : TeT : 3.8
23 : - : —_——— H Ted : 4.5
24.5 H - : —-——— : 9.8 : 5.2
25 : -—- H - 10.8 : 5.4
25 : 340 : 2.2 : 13.5 : 8.0
27 : 3e2 : 2.4 —-—— : -——
28 : Se1 : 4.1 —-——— : -—=
29 : 5.3 3.6 : —-——- : -

* Values reported in peroxide numberse.
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