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INTROLUCTION

The demend for deiry products, which in most cases is comparative-
ly uniform throughout the year, does not exactly coincide with butterfat
production which usually reaches a pesk during the lete spring and easrly
summer months, Consequently, problems arise in times of surplus as to
satisfactory storage of deiry products in such form that they mey be used
when a shortage occurs.

As a result of research in processing and as well as through the
development of modern mechinery, the quality of butter, cheese, and dry
milk solids has been improved so that longer periods of storage may be
used without en appreciable loss in quality.

Despite much research in ice cream, resulting in improved quality,
production factors present a special problem. Not only must it be made
from fresh clean-flevored milk products, but the demand for those products
of menufacture is greatest at that period of the year when production of
butterfat is beginning to decrease., In other words, butterfat production
is usually at a peek ahead of its demand for use in the manufacture of
ice cream mix. The problem, then, has been that of a satisfactory method
of storege of surplus butterfet which might be utilized later when the de-
mand for ice creem was greastest.

In storing butterfat, either as creem or a form of butter, for
future use in ice cream menufacture, cere should be taken that the initial
flavor is excellent, that the biologicel end chemical properties are con-
trolled, end, that the physical properties will not be materially altered.

Previous investigetions have shown that the storage of pbutterfat

in the form of frozen high-testing creem hed possibilities as a practical



method of preserving the fat for future use in ice creem mix. This
method, however, presented certain limitations. The problems of devel-
meent of off-flevors in the stored frozen creem and the effect of the
freezing process upon the stability of the fat emulsion indicated need
of further reseerch in this field. With these in mind, the investiga-

tion presented herein was underteken,



REVIEW OF LITERATURE

Importence of initiel guality of creem intended for frozem storage. Ap-
parently, only creem of the highest quality having low initial scidity
and free from objectionable off-flavors end odors should be preserved by
freezing. FEllenberger and White (1929) indiceted only high quality cream
should be stored frozen. Newlander and Ellenberger (1929) noted average
quality cream did not keep well. Mack (1930-b) contended the quality of
the frozen cresm depended largely on the quality of the cream before
freezing.

Morris end Sommer (1932) end Sommer (1937) stressed the importance
of using cream with low initial scidity, while Dahle and Josephson (1939)
pointed out the importence of selecting & creem for freezing that had a
low initisl ecidity and was f?ee from copper contamination. They added
thet exceptional quality was desired in cream to be frozen. Dahle (1927,
1938) pointed out the advisability of using cream with a low initiel ascid-

ity as did Pederson (1941-a) end Parker (1941).

Influence of pasteurization procedure on keeping properties of cregm.

Pasteurizetion has long been recognized &s an essential process in assur-
ing the keeping quality of frozen creem. Most workers advised a high-
temperature pasteurizetion exposure.

Gould and Sommer (1939) showed that high-temperature pasteurization
produced certain sulfhydryl reducing substances which were very effective
in inhibiting oxidation,

Mack (1939) suggested a pasteurization temperature of 160°F. end
Combs (1939) stated that most plants favored high-temperature pasteuriza-

tion of cream intended for freezing and that sometimes it was deemed ad-



visable to pesteurize at 175°F. for thirty minutes. FHowever, Dshle and
Josephson (1939) considered a pasteurization procedure of 170° F, for fif-
teen minutes to be adequate, but Lawhorn (1939) end Dahle and associates
(1940) recommended temperstures as high as 190°F. flash. They edmitted
cooked flavors resulted from thet exposure but stated thet mix made from
such frozen cream did not retain the cooked flavor,

McFarlend and Burgwald (1940) advoceted the use of a pasteurization
temperature of 172°F, for five minutes, indiceting that this exposure
seemed sufficient to inhibit development of the oxidized flavor. However,
this exposure resulted in a cooked flavor which disseppesred sfter one month
of storage.

Pederson (1941-a) suggested 175° F. for fifteen to thirty minutes
as sufficient for pasteurizsting cream for frozen storsge.

Lawhorn (1939) concluded, "When cream is heated to a temperature
sufficiently high to produce sulfhydryl compounds, & greater degree of
oxidetive stebility is imparted to the butterfat, es indiceted by the in-

creesing time of the induction period."

Effect of homogenizetion on chemicsl and physjcel properties of frozen

cream., Many investigators have homogenized creem prior to cooling in at-
tempts to improve its qualities for frozen cream. Generally, pressures of
2500 to 3000 pounds were used. However, considerable controversy exists

among the workers concerning the advisability of homogenizing cream for

freezing. Inesmuch as homogenization has proven effective in preventing
copper-induced oxidetion in milk, it seemed quite logical to assume that
such treetment might be eppliceble to creeam also.

Mack (1930-b) in a relatively early publicetion on the use of the



homogenizer on cream for freezing, meintsined homogenization of the cream
did not prevent oiling off of the frozen creem upon defrosting and indi-
cated that he did not consider homogenizetion edvisable.

Webb end Hall (1935) pointed out, "Homogenizetion of low fst creem
slightly retarded fat separation of the frozen cresm and that the fat
clumps formed in cream by homogenizetion were destroyed by freezing, while
the heat stability destroyed by homogenizetion wes restored by freezing.®
Dehle and Josephson (1936) claimed homogenization before freezing produced
a creem which oiled off to a much greater degree than did plein frozen
creem and added, "Homogenizing cresm before freezing was found to be more
detrimental to whipping than just freezing elone."

Tracy (1936) presented date to show homogenization of milk prior to
freezing materially reduced the tendency of the milk to "cream" upon de-
frosting. He stated that when milk wes properly homogenized, most of the
fat remained as a stable emulsion after the milk had been frozen and thawed.
Trout,(1941) on the other hand, showed that "A marked settling of the fat
and the solids-not-fat of milk was noted when homogenized milk was frozen
and then thawed."

Tracy, Remsey, end Ruehe (1933) §howed thet homogenizetion retarded
copper-induced tallowiness in milk, while Thurston end associates (1936)
indiceted homogenization reduced or eliminated the susceptibility for the
development of the oxidized flavor in frozen milk. Larsen, Gould, end
Trout (1941) pointed out that homogenizetion of milk tended to stabilize
the milk against oxidetion.

Sommer (1937) suggested homogenization of the cream prior to freez-
ing might be very beneficisl in préventing tallowy flavor development. Mc-

Ferlend and Burgwald (1940) found homogenizetion to be effective in pre-



venting the development of the oxidized flavor in creem for 21 weeks even
in the presence of considerable amounts of copper.

Lawhorn (1939) found homogenizetion ceused considerable incresse in
the Eh of cream &nd cleimed that homogenizetion improved the keeping qual-
ity. Pederson (1941-ea, 1941-b) edvised homogenizetion of the cresm as did

Parker (1941) slso.

Influence of the use of suger on certain properties of cream. The incor-

poration of suger in the cream, either before or after pasteurization and
prior to placing in the finel container for freezing, has been seid to im-
prove both body end flavor of the creem. Price (1931-a) found ice cream
from which &ll milk fat was supplied by frozen sweetened cream possessed
better whipping properties than mix wherein unsweetened frozen cream was
used. He concluded after extensive studies that either sucrose or invert
sugar could be used in frozen cream with equal success. Bis data showing
the effect of sweetened and non-sweetened frozen cresm on the development

of swell in ice cream is as follows:

Treatment Kinds Ratio of Storage Number Time to Maximum
of creanm of sugar sugar to period of of get 90% swell
creem cream trjals swell obtainap;e*
Hours Minutes Per cent
Not frozen none 48 4 8 96
Frozen none 48 4 9 94
Frozen sucrose 1-10 48 4 8 99
Frozen invert 1-33:10 48 4 8 101
Days
Frozen none 14 3 9 95
Frozen sucrose 1.%5:10 14 3 7 100
Frozen invert 14 3 7 102
Frozen sucrose 4:6 14 3 7 100

*Meximum swell obtainasble with proper consistency for drawing from freezer.



Webb and Hall (1935) pointed out that increasing the solids-not-fat
of the cream with additions of cane sugar, lessened the effect of the slow
freezing ﬁrocess in the destruction of the fat emulsion. Doan and Baldwin
(1936-b) agreed that the addition of sugar to the cresm greatly reduced
the per cent of fat de-emulsification upon defrosting.

Tracy (1937) mainteined that the poor whipping quali£y of frozen
cream mix could be overcome to a great extent by the addition of 10 to 12
per cent sugar to the cream before storage. Mack (1930-b) contended the
eddition of 10 per cent sugar prior to freezing was a satisfactory method
of preserving surplus creem which wes later used in the manufacture of ice
cream mix., Lawhorn (1939) showed sugar did not improve the keeping quelity
of frozen cream,

Dahle, Lawhorn, and Barnhart (1940) presented data to show that the
addition of 10 to 15 per cent sugar aided materielly in the prevention of
oiling off of frozen cream upon defrosting, but concluded that sugar did
not improve the flavor of the cream after six months storage. They stated
that the flavor of the unsweetened frozen cream was preferable to that to
which sugar had been added.

Crowe and Winn (1941) stated, "In the case of frozen cream to which
sugar has been added, the point where viscosity limits the destebilizing
effect of freezing is reached early and aggregation of the colloidal parti-

cles is reduced."

Use of various types of containers for cream storege. Several different

types of containers have been used for the storage of frozen creem. These
include tin cans, paper cans, milk and ice cream metal cens, and even wood-

en barrels. FEllenberger and White (1929) after extensive study, suggested



eream containers should be free from bare or corroded spots of iron or
copper, and although tinned receptacles sre suitable containers, best re-
sults were obtained by employing the use of lacquer, granite, or egste
coatings to the cens. Grayson (1931) suggested lacquered tin cens, Tracy
(1937) was quite exacting in his recommendations, advising the use of
parclment paper beneath the 1id to help in the exclusion of air from the
creem. He sdded that only new, unscratched tin cens should be used.

Combs (1939) pointed out the typical container was a straight-sided,
forty-pbund lard tin. Dahle and Josephson (1939) recommended the use of
tin cans also. Dahle (1941) stated cream was most often stored in single
service cans of five to six gallon capacity, although some used the type
of paper cans commonly employed for dispensing ice cream.

Pederson (1941-a) suggested the use of well-tinned receptacles for

the storage of frozen creem.

Effect of rate of freezing on stability of fat emulsion of frozen cream.

The rate of freezing of a food product is important in that it controls

quite largely the size of the ice crystels formed. Thst fast freezing is
essential in securing the finest quality in the frozen food upon defrost-
ing is no longer questioned.

Price (1931-c) edvocated the use of a Miller ice cream freezer for
the fast freezing of cream and suggested a method whereby the process
could be mede continuous.

Grayson (1935) found, "Deaerating and freezing of milk or cream
under high vacuum and hardening under extremely low temperature, is a suc-
cessful way to store high quality cream for consumption as the fluid prod-
uct.”"

Webb and Hell (1935) showed a gradual precipitation of the casei-

nate system and an immediate destruction of the fat emulsion due to the



slow freezing of milk and creem. They also found that slow freezing
caused excessive free fat separation or oiling-off during thawing. Lind-
quist (1938) pointed out that applicestion of fast freezing conditions to
cream pertially prevented oiling off.

Roush (1939) designed a fast freezing method which was used quite
successfully by Roadhouse end Henderson (1940). Carlton (1941) described
several quick freezing methods used for various frozen foods. Possibly
some of them might be appliceble for cream elthough he made no statement

to that effect.

Influence of fat content of the cream upon the homogeneity of freezing.

There is some difference of opinion among the investigators as to whether'
or not cresm freezes homogeneously. Most of them agreed, however, that
there wes little fat diffusion in creem containing forty per cent butter-
fat or more.

Trelogen and Combs (1936) demonstrated the relation of the per cent

butterfat and the extent of fat diffusion as follows:

Type of Per cent butterfat in:

cream Side _Botton Center Top
Low fat 18.75 18.25 18.50 25,950
Medium fat 29.00 29.50 29.50 30,50
High fat 39,12 39.25 39.90 39,25

Beldwin and Doan (1935) summerized most of the opinions on the sub-
ject in stating, "Increassing fat concentrations of milk constituents in
both milk and cream retarded the diffusion or concentration of milk con-
stituents into the unfrozen portion of the freezing product. When the fat
concentration reached 25 per cent, diffusion wes practicelly prevented and

the creem froze homogeneously, Diffusion was probaebly inhibted by the in-
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creased viscosity of the increesed fat content, and also because of the

more effective sesling of the interstices between developing ice crystels

by the increased fat content, end in the form of solidified globules.”

Doan and Baldwin (1936-a) stated that homogenization of the cream caused

homogeneous freezing at a lower fat content than in nonhomogenized cream.
Apparently, fat diffusion prior to freezing is of 1little importance

commercially because too much storsge space would be required for the stor-

ing of any apprecisble amount of fat if it were in the form of low fat creem.

The temperature gnd length of period thet cresm may be stored frozen. The
length of time that cream may be stored at a certain temperature and yet
retain its original quality is of utmost importence. Newlander and Ellen-
berger (1929) indiceted that good quality frozen cream kept well at 0° F.
for four to six months. Mesck (1931) found thet a room of -5° F, kept a
sample of cream for six months as well as & room of 10° F. kept the seme
semple for four months. He recommended holding periods of less than six
months at -18° F,

Lindquist (1935) used 0° to -10° F., Dahle and Josephson (1939)
suggested storing cream at -10° F., while Pederson (1941) advised storing
below 0° ¥,

Generally, the sbove investigators have shown that a temperature of
ebove 00 F, is not desirable from the standpoint of frozen cream storage
end the temperature of the cold-room should be 0° F. or below with the op-
timum temperature well below 0° F, The temperature of the ordinary ice
cream herdening room, therefore, would, in most ceses be appliceble for
cream storage. However, due to the expense involved in the building end
refrigerating a hardening room, few commercial ice cream plants have suf-

ficient space in their hardening rooms for the storage of eny eppreciable
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amount of frozen cresm., Msny plants have followed the practice of freez-
ing cresm in their hardening room with the eid of blower fsns and then stor-

with a commerciel cold storage firm.

Methods used in defrosting cresm. Careful defrosting of the cream is

essential in prevention of excessive oiling off of the butterfat and even
under the most optimum conditions, some oiling-off may still occur.

Mack (1931) stated that slow defrosting was edvieable in thet it
resulted in better whipping qualities in the resulting ice cream mix.
Lindquist (1935) found thet when the cream was thawed slowly by immersion
of the cans in water below 90° F,, oiling-off was not prevented when the
cream was later pasteurized.

Gockley (1936-a) suggested cream should be defrosted either by
setting in the handling room overnight or by immersion of the cream cans
in warm water, possibly in the cheese vet. The temperature could be more
carefully controlled by the latter method, but the possibility of leaky
cans might inhibit its use, as the freezing process often caused the ex-
panding cream to burst the can, so the former method was probably the more
préctical. Pederson (194l1-a, 1941-b) advised slow thawing of the cream.
He suggested allowing the cream to set for two deys in the handling room
until all ice crystals disappeared.

Gockley (1936-b) elso reported using a "Creavy ice crusher" which
was an ice crusher with the teeth having been removed. This method con-
sisted of putting the can of cream in the crusher, heving the frozen cream
pressed out of it and into a hopper. The frozen mass could then be added
directly to the pasteurizer. The advantages claimed for this procedure were
thet it conserved both time and space end was equally as sanitary as other

defrosting methods due to the fact that the "crusher" was easily cleaned

and sanitized.
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However, it destroyed the container, but on the other hand, most

frozen cream containers are of the single service type, =nyway.

se of the oxidation-reduction potential in predicting keeping guslity of

creem., Oxidation is quite commonly referred to as the loss of electrons
and reduction is known as the gein of electrons. The measurement in elec-
tric current of the proportion of oxidants to reductants in a solution is
known as the oxidation-reduction potentiel. This is often expressed as Eh
which is an intensity measure of the oxidation-reduction balance as ex-
pressed in volts of electric current.

Numerous workers have reported on the use of Eh as a meens of pre=-
dicting the oxidative tendencies of cresm after a period of frozen stor-
age, but they do not all agree upon the relisbility of such determinations
in forecasting the keeping quelity of cream during a period of frozen
storasge.

Tracy, Ramsey and Ruehe (1933) found thaet copper contamination in
cream has the same generasl effects on the oxidation-reduction measurements
as it did in milk, This indicates that they found that copper caused a
definite rise in the Eh of cream.

Lewhorn (1939) found considerasble increase in Eh due to homogeniza-
tion but concluded that homogenizetion tended to improve the keeping qual-
ity of the cream. However, Tracy, Ramsey, and Ruehe (1933) and later
Larsen, Gould end Trout (1941) concluded that homogenization had little
or no effect upon the Eh of milk and contended that while homogenization
retarded development of the oxidized flavor, the explanation of that action
did not appear to be associated with Eh,

Lawhorn (1939) did considerable work on the use of Eh in frozen
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cream studies and concluded that the oxidation-reduction potential was
not a reliable criterion of the keeping quality of cream.

Dahle, Lawhorn and Barnhart (1940) made a very extensive study of
Eh and the oxidized flavor of frozen cream and cited some very interest-
ing observations. They found that the Eh of the cream increased during
the first month of frozen storage and then decreased up to the end of the
eight-month period during which time the flavor might heve become oxidized.
They elso found that high temperature pasteurization deereased and copper
increased the Eh. They did conclude, however, "The initial Eh reading of
the pasteurized creem before storage is a fair index of the keeping quelity
though not entirely relieble. It was found that cream with added copper
having an initial Eh of above 0.30 volts usually developed an oxidized
flavor during storage of 6 to 8 months, while those below 0.30 volts seldom
did. There were a few exceptions, however."

From the ebove, &8 well as other findings, it would eppeer that the
reliability of the use of Eh in predicting the susceptibility of cream

toward oxidized flavor development is as yet questionsable.

The relatjon of the hydrogen ion-concentrstion to length of storage period

of cream. Although much has been done relative to the per cent titratable
acidity of cream prior to freezing, 1little attention has been given to
the hydrogen—ion concentretion to that cream a&s measured in terms of pH.
Dahle, Lawhorn, and Barnhart (1940) found thet the pH of cream de-
creased upon frozen storage, indicating a greater intensity of hydrogen
ions., They also found thet titratable acidity of heated samples decreased
| whereas 1f unheated cresm were stored, the acidity increased. It is in-

teresting to note thet while in one case (unheated creasm) there was a rise
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in titratable acidity as compasred to a lowering in the other (heated),

in both instances there was an increese in the hydrogen ion concentration.

Effect of carotene on oxidized flavor development of milk and cresm.
Anderson (1936) cited carotene as en inhibitor of oxidized flavor develop-
ment in market milk. Sommer (1938) suggested that carotene might be used
as en enti-oxidant. Brown and others (1939) stated, "Carotene fed at the
rate of 350 mg. per dey greatly reduced the tendency for metal-induced
oxidized flavor to develop and resulted in sn increased emount of cerotene
in the milk."

However, Brown and co-workers (1940) later found a decreased caro-
tene content of milk did not result in en increase in the intensity of
oxidized flavor and concluded thet the amount of csrotene in the butterfat
might not be the substance responsible for the reduction of milk suscepti-
bility toward oxidized flavor development, They suggested that possibly
some substance essociated with the cerotene rather thsn the carotene itself
was responsible for the oxidative inhibitory ection heretofore attributed
to carotene.

The intensity of yellow color has been fregquently used ss a means
of securing a comperative estimate of the carotene content of milk or
eream. Sommer (1938), however, showed thet assumption to be erroneous
eand stated that the color of milk masy not be regarded as a true index of
the relative carotene content due to the difference in sbility of dairy
breeds to assimilaete cerotene. He stated thet feed was more importent
then breed &s an influence on czrotene content of the milk. Consequently,
under normel conditions, season of yesr would be the predominant factor.

That cerotene is quite stsble in frozen milk products was demon-

strated by Olson end co-workers (1929) who state, "Milk can be stored
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for considerable periods without effecting the cerotene or Vitemin A

content."

The uses of frozen cresm. The major pert of frozen cream is used in the
preperation of ice creem mix and it wes with that in mind thet the work
of most investigators was underteken. However, Roadhouse and Henderson
(1940) described frozen cream which might later be used as table cream
or in a reconstituted form.

Some controversy exists emong the investigetors relative to the
proportion of the fat from frozen cresm that may be used safely in ice
cream mix. Mack (1930-e) contended thet an ice cream of desireble flavor
wes made only when not more then one-third of the total fat of the mix
ceme from frozen cresm. Gockley (1936-a) used up to 60 per cent of the
total fat from frozen cream; Dehle and Josephson (1939) suggested from 30
to 50 per cent of the total fat from frozen cream; but Dehle, Lawhorn end
Bernhart (1940) heve indicsted thet frozen creem may supply all of the
fat of the mix.

Parker (1941), however, cautioned against using over 25 per cent
of the total cresm of the mix from frozen cream.

Apparently while the investigators differ considerably in opinion
as to the percentage of the totel fat of the mix which should come from
frozen creem, they all sgree that the percentage of the total fat which
may be constituted by the frozen cresm is directly proportional to the
quality of that frozen cresm. Therefore, one seems justified in sssuming
that when cream of such quality has been produced, the whole of the fat

of the mix mey be supplied by frozen creem.
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Problems encountered in storing frozen creem. The difficulties encountered
in the preserving of cream by freezing and low temperature storing are both
chemicel and physical in nature. The tendency of the cresm toward develop-
ment of oxidized flevor, snd the occurrence of oiling-off upon defrosting
end pasteurizing in the mix have resulted in considerable investigetion.

1, Development of the oxidized flavor. Even under the most ideal condi-

tions, creem often exhibits susceptibility toward the development of an
oxidized flavor upon frozen storage as shown by Reid (1926). Sampey (1939)
stated that when the dissolved oxygen was removed by heat end vacuum, the
action of copper in accelerating the oxidation of ascorbic acid and the
subsequent development of the oxidized flavor was eliminated. Cresm thus
treated would then have to be filled under vacuum or in the presence of

en inert gas such as nitrogen before storage.

Lawhorn (1939) stated the replecement of oxygen with nitrogen in a
vacuum seeled container seemed to improve the keeping quality of the creem.
Roadhouse and Henderson (1940) used vacuum sealed cens snd reported no oxi-
detive changes within six weeks.,

Most observers now believe that oxidized flavor is due to the oxi-
detion of the phospholipids surrounding the fet globule rather than to
the oxidation of the unsaturated fatty acids.

Price (1932) was of the opinion that the addition of sugar to the
cresm before freezing protected the lecithin from oxidation. Thurston
and associates (1936) indiceted lecithin rather than butterfat was affected
in the deveIOpmeﬁt of the oxidized flavor and concluded thet when the ab-
sorbed lecithin was removed from the fat globule surface, there could be

no oxidation tsking place.
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Swanson end Sommer (1940) concluded that copper-induced oxidation
of milk fat was due to oxidetion of the phospholipids, lecithin and ceph-
elin, Sommer (1936) decided lecithin was probably the mother substance
of the oxidized flavor end suggested that homogenization of the cream prior
to freezing might be very beneficial in preventing tallowy flevor develop-
ment. Barnhert (1940) concluded, "Butterfet is not the source of the oxi-
dized flavor in frozen cream. The theory of phospholipid oxidation seems
to be the more logicel conclusion.”

McFarland end Burgwald (1940) contended homogenization was effec-
tive in preventing the dévelopment of the oxidized flavor and also stated
that pasteurization of the cream at 1750 F, for five minutes seemed to
prevent development of oxidation in the cresm.

Copper contamination of the cream during processing is possibly the
most common cause of oxidized flavor in frozen cream. With the sdvent of
stainless steel equipment, however, and its rapidly increasing use, this
source of contamination is diminishing in importance although there is yet
much dairy equipment used from which metallic contaminstion 1s of vital
concerne.

The use of anti-oxidents has been found to be beneficial in the
prevention of the development of the oxidized flavor, end of these, Avenex,
en oat flour product, is the most widely used. Dashle and Josephson (1939)
pointed out the addition of ome to two per cent of oat flour (Avenex) to

the cream before freezing, enhsnced the keeping quality of the creem before

freezing, end that it was especislly beneficial when used in conjunction
with high temperature pasteurization.
Meech and Tracy (1939) maintained oat flour was beneficisl when used

as an anti-oxidant in frozen cream. They suggested adding it as a gruel to
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the creem. Lawhorn (1939) added oat flour at the rate of two per cent
of the weight of the fat., Barnhart (1940) used effectively both oat flour
end a corn flour concentrate.

Dahle and associates (1940) presented data to show the effect of

ost flour on the flavor of stored frozen cream as follows:

Months in storsge 0 1 3 6
Heating
Treatment of creem temperature Flsavor Flavor Flevor Flavor
150°F. 20 good good good good
Control 170°F, flash cooked cooked cooked cooked
190°F. flash*cooked cooked cooked cooked
Control+ 1 150°F. 20  good 00 0000 0000
PePelM. cOpPpET 170°F. flash cooked sl.cook 8l.cook 0
190°F. flash*cooked 0 00 000
Control+ 1 150°F, 30  good 0 0000 0000
P.p.M. cOpper 170°F, flash cooked good fair good
+2% oat flour 190°F, flash*cooked good good good

*The 190° F. flash temperatures were heated to 140° F., then to 190° F,
with live steam directly injected into the cream.

2. Destabilization of the fat emulsion. Frozen creem, when defrosted

end heated as in pasteﬁrizating the mix, seems to have a genersl tendency
toward oiling-off. Apparently the freezing process causes all creem to
oil-off to some extent. However, various control méasures reduce the smount
of oiling-off to a miniﬁum.

Price (1939-c) suggested fast freezing as a preventive measure egainst
oiling off. Lindquist (1935) upon examination of cresm of four months stor-
age, Indicated that when the creem was subjected to fast freezing conditions,
oiling-off was pertieslly prevented.

Grayson (1935) end Roadhouse and Henderson (1940) hasve suggested meth-

ods of fast freezing creem which indiceted that they were fully sware of the

destabilizing effect of the freezing and thewing processes which affect both
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the protein and the fat to a much greater extent in a slow then in a fast-
frozen product.

Many workers heve tried various ingredients added to the cream in
an attempt to combet the destabilizing effect of the freezing process.
Lindquist (1938) noted that the addition of sodium alginate (cocoloid) to
cream reduced the tendency toward oiling-off. In another investigetion,
bowever, Lindquist (1939) indicated no beneficisl results were obtasined up-
on the sddition of smell emounts of sodium citrate end disodium phosphate
to the cresm prior to freezing.

The eddition to the cream of 10 to 15 per cent sugar has been the
most successful method, other than fast freezing, of increasing the sta-
bility of the fat emulsion upon thawing. Price (1931-b), Mack (1931),

Webb and Hall (1935) end Dshle and Josephson (1939) all used sugar with
varylng degrees of success in preventing oiling-off as compared to that
not conteining sugar,

Dahle and associates (1940) slso used sugar in an ettempt to lessen
the tendency toward oiling-off and reported favorsble results. The follow-

ing data of Dahle and associates indicate the beneficial effect of using

sugar:
Per cent
Trial Treatment "oiling off"
Control frozen cream 90-100
1 Control + 10% sugar 40-45
Control * 10% sugar 35~40
Control frozen cream 90-100
2 Control + 10% sugar 45-50
Control + 15% suger 25-35

Use of frozen

creem in ice cresm mix.

Little has been done on the effect

of frozen cream on the flavor in finished ice cream after an appreciable



period of storage. However, it has been found that if the flevor of the
frozen cream were good, that of the ice cream was equally good. In some
cases, the off-flavors in the frozen creem will not be discernible in the
finished ice creem, for example, & cooked flavor in the frozen cream may
not sppear in the final product. The flavor of the ice cream would as a
rule be as good as that of the frozen creem used in its menufacture. How-
ever, the use of slightly off-flavor frozen cream in ice cream mix might
be possible if only a smsll per cent of the total fat wes furnished by
frozen cream.

The chief objection, apparently to the use of frozen cream as the
sole source of fat in a mix, was the poor whipping ability of the mix
caused by the partisl destebilization of the fat and protein of the fat
end protein of the cream by the freezing process.

As previously shown, the eddition of suger to the mix was bene-
ficiel in partielly restoring the whipping ability of & mix, However, its
stabilizing effect was not sufficient that the mix compared favorably in
whipping ability to that made of fresh cream.

In view of this condition, various attempts with reasonable suc=-
cess have been done to improve the whipping ability of mixes made with
frozen creem. Most workers heve agreed that the poor whipping ability of
frozen cresm mixes was due to the fact that the freezing process has re-
moved the lecithin from the outer wall of the fat globule.

Dahle, Lawhorn and Barnhart (1940) demonstrated thet the neutraliz-
ation of the acidity of the mixes to or even below normal, restored the
whipping ability. They advised cere in the selection of a neutralizer in
order not to impart an off-flavor to the cream. They found that megnesium

oxide proved very satisfactory as shown by the following table:
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Trial Initial Final Final Time to reach
No. acidity gcidity pH 90% overrun
1l 0.23 0.18 6.44 9'=30"
0.10 7.25 VAR Rad
2 0.24 0.18 6.24 9'-10"
0.10 7.23 7% -35"
3 0.22 0.18 6.42 gr-.25"
0.10 7.24 7t-10"
Control
(fresh cream) 0.22 0.18 7,45 7t-30"

The eddition of egg yolk, either frozen or dried, partially re-
stored the whipping ebility of frozen cresm mix. Woodroof (1941) stated
the whipping properties of a mix may be restored by adding 0.2 to 0.4

per cent good quality egg yolk to the mix,
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PURPOSE OF BXPLERIMmNT

Previous investigations hsve shown that the freezing of cresm
for future use in ice cream mix seems to have very definite possibilities.
Indeed, several millions of pounds of frozen fresh sweet c¢ream are now
being stored annually for future use in ice cresm manufscture. The pur-
pose of this investigstion, then is:

1. To do further research on methods and processes intended

to lessen the tendency toward the susceptibility of the
frozen cream to the development of the oxidized flavor.

2. To add to that which already has been done toward stabiliz-
ing the fat emulsion and in turn meke experimental studies
toward methods which may lessen the effect of the freezing
process in ceusing destruction of the fat emulsion.

3. To determine, eccording to the conditions set up in this
experiment, the length of time that frozen cream may be
stored without serious deterioration of body and flavor.

4. To ascertein, by use of cream preserved by frozen storage,
whaet per cent of the totsl fat of the mix may be supplied
by frozen cream and the reletionship of the quality of the
frozen cream used therein to the quselity of the finished

ice cream,
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SCOPE OF INVESTIGATION

Although the main problems of frozen cream are largely two in

number, namely, oiling-off and oxidetion of the fets or fat-like sub-

stences, the factors effecting these defects afe quite numerous. Con-

sequently, a number of those factors were included in this study. Data

were secured on the following phases of this investigetion:

1.

2.

e

4.

5.

6.

7.

8.

9.

10,

11.

12,

Influence of seasonel storsge on flevor of frozen cream.

Effect of copper contaminstion on flsvor,

Effect of sugar on the stability of fet emulsion and fleavor.
Effect of the pesteurization exposure on the keeping quelity

of the creem.

Effect of various pressures of homogenizaetion on stability

of fat emulsion end flavor,

Influence of type of container used for storzge upon the flevor,
Relation of initisl titretsble acidity to the keeping queality
of the frozen cream.

Use of the Eh &nd pH in forecasting the keeping gquality of the
cream,

Relation of the carotene content of the creem to the keeping
quality of the creem.

Effect of rete of freezing on the stability of the fat emulsion.
Relation of initiel flavor of the cream to the finel flavor
after various periocds of storage.

Length of time that cream may be stored, according to the con-
ditions of this experiment, without serious deterioration of

flavor,



13.

14.

15.

16,

24

The effect of the use of frozen cream as the sole source of
fat on the smount and ease of obtesining overrun when the mix
is frozen,

The effect of added egg yolk aand/or sugar upon the whipping
ability of frozen e¢ream mixes.

The effect of storage upon the flavor of frozen cream ice
cresm,

The bacteria count of frozen cream ice cresm.
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EXPERIMENTAL

The cream used in this experiment, sscured from the separation of
fresh, raw, mixed milk either from the College Creamery or from a locel
dairy company, had a fst content averaging slightly above 50 per cent.

The milk wes separated at sbout 100° F. sfter which the cresm was cooled
immediately to 60° F. Pasteurizetion followed at once.

The cream was divided into three lots of which one was heeted to
150° F. end held for thirty minutes; a second was heated to 165° F. =nd
held for fifteen minutes; and the third was heated to 185° F. for five
minutes. 1In handling and processing the cream, precautions were taken
egainst copper contamination throughout, the pasteurization being accom-
plished in a stainless steel vat which was commonly used for the manu-
facture of cottage cheese.

BEach lot was then subdivided into three lots which were homogenized
at 0, 1500 and 3000 pounds pressure respectively, using a Union Steam Pump
200-gallon viscolizer. The cream, frequently stirred, was cooled to 50° F.
in ice water.

Each lot thus pasteurized and homogenized wes then subdivided into
four lots, one serving as a control; a second lot having 1 pert per mill=-
ion added copper in the form of an enhydrous copper sulfete solution; a
third lot had ten or fifteen per cent sugar added; snd the fourth lot con-
tained both sugar end copper added at the rates previous mentioned.

Immedietely following cooling and treatment, sufficient portions
of the samples for study were put into three different types of conteiners,
namely, glass, paper and tin. The glass container was an eight-ounce may-

onnaise-type jar with a water-proof inner lining screw cover; the paper
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container was a pint Sealrigzht carton and the tin conteiner was a number
two, "C"-enamel, tin cean, the 1lid of which was applied by an sutomatic,
hand can sealer,
When a lot was packaged, the packages were teken at once to a
-10° F. room for freezing. In this room the samples remained &s the ex-
periment dictated. The accompanying data sheet(page 30) furnishes en out-
1ine of the experiment insofar as preparations of the samples is concerned.
Flevor exeminations were made by two experisenced judges on the
cream when fresh and after 3-, 6- and l2-months storsge. The intensity of
the oxidized flasvor wes designeted as follows:

= doubtful oxidized flavor

+ = slight " "
+ + = pronounced " "
++ + = yery pronounced " "

For prectical purposes in making tables and graphs these designations were
given & numerical rating of 1, 2, 3 and 4, respectively.

The off-flavor recorded in the frozen cream samples was in every
case the oxidized flavor. In the case of the presence of the cooked flavor
which often occﬁrred when pasteurization exposure exceeded 160° F., it was
not considered to be an 6ff-flavor, inasmuch as the cooked fiavor in the
frozen cream did not re-appear in the ice cream mix or in the frozen ice
cream.

Fat content of the cream not containing sugar was determined by the
Babeock method, whereas, that containing sugar was tested for fat accord-
ing to the Minnesota method.

The oxidation-reduction potential wess determined on the nonhomogen=-

ized samples at 0, 180 and 360 days according to the Leeds and Northrup
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potentiometer employing the use of the celomel half-cell and platinum
electrodes. The quinhydrone electrode was used for the pH determination.

Titratable acidity was determined by the use of N/10 sodium hy-
droxide using phenolthalein as the indicstor. The initial acidity of the
controlas end of the nonhomogenized samples was taken immediately after
cooling the cream,

Fat emulsion stsbility was measured according to a method which
was quite similer to that used by Webb and Hall (1935). It consisted of
weighing nine grams of fresh unfrozen cream into regulation 9-gram 50-psr
cent cream test bottles, freezing by different methods and holding for
various periods of time. The bottles were then filled to the S0 per cent
mark with 100° F, water. The ssmples were then centrifuged at 800 T.D.M,
in an ordinary centrifuge commonly used for making the Babcock test of
milk and cream. The centrifuge was warmed by the heat coil for fifteen
minutes prior to and during the centrifuging period. The sasmples were then
held 24 hours st 40° F. after which they were warmed for fifteen minutes
in 100° F, water, prior to re-centrifuging for thirty minutes as befors.
After tempering the fat columns for three minutes in a 135° F. weter bath,
glymol was added to the top of the fat after which the fat columns were
read immediately. Tests were made of the unfrozen cream and that stored
frozen for 1, 90, 180 snd 360 days.

The carotene content of the cream in this experiment was determined
under the direction of Dr. L. A. Moore, formerly of Michigan Stete College,
according to the method devised by him. The procedure followed in making
the carotene analysis of cream was as follows: A ten-gram sample of cream

was weighed into a test tube and warmed to about 720° to 80° F. =and to this,
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ten ml. of ethyl alcohol was added and the sample well shaken., Ten ml,

of benzin which was distilled over at 68° to 70° C. was added and agein
the sample was well shaken, After shsking, the sample was set into cool
water, care being taken to avoid cooling sufficiently to cause fat solidi-
fication. During a setting period of ten minutes that followed, the sam-
ples were sheken three times for one minute each. After centrifuging at
1900 r.p.m., in a high speed centrifuge for four minutes, 1 ml. of the top
(fat) portion was pipetted into a cell of a photo-electric colorimeter and
read through a number 440 filter. The carotene content, derived by calcu-
lation, was expressed as gemmas or microgrems per gram of fat in the cream.

As a second part of the experiment, five-gallon lots of creem were
frozen and stored for future use in ice cream manufacture. This creesm was
secured as before from the College Creamery and was pasteurized at 165° F.
for 15 minutes, after which it was cooled to 55° F. To one lot of cream,
10 per cent sugar was added, while a second lot wes stored without sugar.
The cream, in lard-type tin containers, was placed in a cold room and
frozen in still eir et -10° F. Laboratory enalysis of these samples in-
cluded fat, flavor and titrateble acidity. ‘

Mixes containing 12 per cent fat, 10 per cent serum solids, 15 per
cent sugar, and 0.35 per cent gelatin of 275 Bloom were made from fresh
control cream and from creem which had been stored frozen for 6, 3 and 1
month. Defrosting was brought sbout in the heating of the mix. Pas-
teurization of the mix at 150° F. for thirty minutes was followed by
homogenization at 3000 pounds pressure in a single-stage, 200-gallon

viscolizer.
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The mixes were cooled to 50° F, and aged for 18 hours before freez-
ing. Freezing was done in a 50-quart, direct-expansion, batch freezer
equipped with a Drawrite indicator. A batch of regular mix was frozen and
the freezer rinsed with one gallon of regular mix before freezing the
mixes of the experiment. The rinsing procedure between batches was fol-
lowed throughout the freezing trials.

The time required to secure 90 per cent overrun was indicated by
a stop watch. Samples of the ice cream were taken at 90 per cent over-
run for future scoring. The maximum overrun obtainabls was also recorded.

There was no reguler sequence of freezing the mixes. In fact,
they were chosen at random, inasmuch es rinsing of the freezer between
batches would meke similar freezing conditions for each of the batches
of mix. |

Scoring of the finished ice cresm was done each week for the first
two months, separate samples having been secured for each scoring, and
thereafter at three and six months by two experienced judges. Examina-
tions for flavor, body and melting quelity were done "blind"™. In eddi-
tion, the mixes were tested for flavor, scidity end oiling-off as pre-
viously indicated.

Another group of mixes similar to the first was made, frozen and
judged as before, excepting thet 0.35 per cent dried egg yolk was added

to the mix,
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RESULTS
PART I
FACTORS AYFECTING YLAVOR AND FAT EiJULSION STABILITY OF }ROZEN CREAM

A. The Influence of Seversl Factors on the Keeping Quality of ¥Frozen

Cream, Cream secured each month throughout the year was treated by veri-
ous methods as outlined in the procedure end stored frozen et 0° to -10°
F. for 12 months during which time the semples were exemined st 3, 6 and
12 month intervels for flevor.

1. The effect of covper contaminetion on oxidized flevor development of

frozen cream. As copper contemination is & very common csuse of the de-

velopment of oxidized flevor in deiry produects, it was considered advis-
eble to ascertein just what effect the addition of copper to the cream

after pasteurizstion and prior to freezing might have on the flavor of the
resulting frozen cream.

| Consequently, 1 part per million copper was added to the cream which
was then well mixed end put immediately into containers for freezing.

The date in tables 1 to 4, inclusive, show the effect of the added
copper on the flavor of the frozen cream after the verious periods of
storsge. An anslysis of the data reveels thet when copper vas present in
the strength of 1 pert per million, none of the conditions used in this
experiment would render the creem entirely free from the development of
the oxidized flavor.

When similer samples were processed with no added copper snd with
very little copper, if any, due to contsmination, the development of o0ld,
stale, oxidized flevors depended upon other factors, such es the pasteuriza-

tion exposure.
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Date in tebles 1 to 4 indicete the flavor of 2ll gless samples
throughout the twelve-month period. Tables S5 to 16, inclusive, give the
flavor data of the entire group of samples after 6 &and 12 months storsage.
Figure 1 shows the comperison of the verious treatments on the flevor of
the cream.

Data in tables 1 and 3 show quite clearly thet cream mey be pre-
served frozen for at leest one year with no detrimentel effect on flavor
if the proper pasteurizetion exposure is followed and the creem is kept
free of copper. When the cresm wess held for 12 months, in no cese was
there any indicetion of the presence of the oxidized flavor in the samvles
pasteurized at 185° F., for 5 minutes, end that of 324 examinetions mede,
only 4 were oxidized when the pasteurization exposure was 165° F. for 15
minutes, However, samples were frequently oxidized when pasteurized et
150° F. for 30 minutes.

When 10 per cent sugar and 1 pert per million copper were sdded to
the samples, a slight edventage in flavor for the ssmples conteining sugar
wes noted. However, sugar did not improve the flavor sufficiently to be
of commerciel significance when 1 part per million copper wes present, as
shown in table 4.

The data in table 3 show little improvement in flavor as a result
of edditions of suger without copper contamination. However, as both series
of samples exemined were largely without flavor criticism, it would be nat-
ural to assume thet flavor improvement, if any, could only be very slight.
While in this series of ssmples, there was no significent difference in
the number of samples having off-flesvors, it slso appeared thet the flavor
of the sugared samples was equally as clean and fresh ss those of the con-

trol lot.
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The chief adventages of sugar additions, therefore, seem to be
sssociated with its effect on the body of the creem. This will be dis-
cussed leter in greater detsil.

2. The influence of homogenization on flavor of frozen creem, To &scer-

tein the influence of homogenizetion upon inhibition of development of the
oxidized flevor in normel and copper conteminated cream, batches of cream
were passed through the viscolizer at 0, 1500 end 3000 pounds pressure,
respectively. The data on the effect of homogenization upon flevor de-
velopment are in tebles 1 to 16, inclusive.

An snalysis of these data revesls that there wes very slight in-
hibitory effect on oxidation due to homogenization. However, it should be
emphasized that inasmuch as the oxidative inhibitory action is so very
slight even in the samples conteining 1 part per million coﬁfer (Figure
2), and due to the fact thst if the cresm had been properly processed it
would likely have been excellent quality anyway (Figure 3), it is very
doubtful whether homogenizstion of the cream prior to freezing would be
of commercial significancs.

On the other hand, it must be borne in mind that homogenization was
slightly beneficial. In plants wherein the quality of the cresm was such
that oxidized flevors were prone to develop very slightly upon prolonged
storage, bhomogenization might prove of slight vslue.

3. Type of conteiner used for cresm storsge. All the cream sesmples in

these studies were stored in glass, paper and tin to ascertein the effect
upon flavor. Deta secured sre presented in tables 17 to 24, inclusive.

A study of these data shows no materiel difference in flavor char-
acteristies of any specific type of contsiner. However, the paper as a

group appeared to be the léast desirable, from the flavor standpoint, as
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old, stale, flavors were sometimes noted in the cream which were not noticed
when the other two types of conteiner were used.

4. Influence of pesteurization exvosure on development of the oxidized

flavor in frozen cream. The pssteurization exposures used in this ex-

periment are outlined on the date sheet end were 150° F. for 30 minutes,
165° F. for 15 minutes end 185° F. for 5 minutes. Deta in tables 1 to 4
show the effect of these exposures upon the flevor of the cream after vari-
ous storage periods.

That pasteurizstion is ebsolutely essential in any type of cresm
designated for frozen storage wes well illustrated by the examination of
the raw control samples which were stored each month in a gless conteiner,
The common defects of these semples were: very strong rencid, putrid, cheesy
and bitter. In view of the condition of these samples even on the short
three-month storage period, it was not considered necessary to include
tables and graphs in this discussion. In no case was the raw sample in
such condition thet it might heve any value as a humen food product.

Pesteurization st 150° F. for 30 minutes was easily the poorest of
the lot so far as stebilizing the flavor wes concerned. Even so, under
certsin conditions the cresm treated in this menner was of good quality as
shown by figure 4.

Between the processes of 165° F. for 15 minutes and 185° F, for 5
minutes, there was little to choose. Both were very effective in prevent-
ing the appearance of the oxidized flsvor. Of the two, the process of 18%F
F. for 5 minutes was the most effective in preventing oxidation, but im-
parted a slightly more cooked flevor to the cream which did not disappear
even in one year of frozen storage.

Figure 5 graphicelly points out the inability of eny pasteurization
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procedure to render a desirable flevored cream in the presence of 1 part
per million copper.

5. Effect of season of the year on keeping quelity of frozen cresm. Insas-

much as fats and carotenoids of cream vary seasonally due to change in
feeds, samples of creem were processed and stored each month throughout the
year to determine what effect, if any, normal seasonal changes would have
upon the stability of flavor.

The data included in tebles 1 to 4 show that seasonal varietion hed
very little effect on the flavor of the frozen cresm. As seasonel veriation
elso included such veriaticns as feed and stage of lactation, this finding
was especially interesting. Apparently one can store cream at any sesson
of the year under identicsl conditions that might be used et eny other period
with equal success. The existence of this condition greatly facilitates
matters in that it mekes much simpler the recormended procedure of treat-
ment of the cream inasmuch s it csn be handled alike &t sny time of year.

6. The influence of storage period on flavor of frozen creem, In en ef-

fort to determine the length of time that cream can be held by frozen stor-
ege, this portion of the experiment waes set up for & long-time holding
period, with regular intervals for flevor exsmination.

Data in tables 1 to 4 show the effect of the storage periods of 3,
6 and 12 months on the resulting flavor of the frozen cresm. Obviously,
the flevor of the cream, regerdless of treatment, is inversely proportional
to the length of the storage period. Under any condition, one should use
the frozen cream as soon es possible. However, these date show thzt cream
can be kept in excellent condition for a period of one year if properly
processed, and other trisls sre now in progress in which samples will be

removed and examined at two years.
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7. Effect of carotene content of cresm on oxidized flavor development.

Carotene analysis were made on the nonhomogenized samples when fresh and
after 6 end 12 months storage according to the method outlined under "Ex-
perimentel™. Teable 25 end figure 6 show the relationship between the
emount of carotene in the cream and the presence of the oxidized flevor.

Anelysis of these date shows no correlation existing between in-
tensity of oxidized flevor and content of carotene in the semple.

Indeed, even in samples conteining copper, there wes no significant
difference between its carotene content end that of the control sample el-
though there was & marked difference in the flavor of the two.

8., Influence of initisl titramteble smcidity on oxidized flevor development

in frozen cream. Titrasteble acidity determinetions were made on the fresh

nonhomogenized semples. The titrateble acidity of ell groups of samples
stored is presented in teble Z26.

As titrateble acidity determinetions were not made on eny of the
samples sfter a period of storsge, no comparison cen be made between it
eand the flevor after storage. OSince the initisl acidity of creesm intended
for storage is alweys of great importance, such determinations were made
only on the fresh unfrozen cresm. There did not appeer to be eny signifi-
cant difference between the titreteble acidity of the fresh samples due to
the esdditions of copper, suger or to the type of processing.

There appeared to be a correlation between the titratable acidity
and intensity of off flevors, especielly in those semples pasteurized st
1500 ¥, for 30 minutes, upon storage (Teble 26 and Figure 7). Apperently,
this pasteurization exnosure was not as effective as the other methods in
preserving the cream when the initiel scidity was unususelly high.

Undoubtedly, sweet cream of quite high initial acidity may be stored
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frozen if the proper processing methods are used (Table 26 and Figure 8).
However, for best results, a cream having a low initiel acidity is highly
recommended.

9. The use of hydrogzen-ion concentrstion determinations in fresh and frozen

cream., Hydrogen-ion concentration determinations were made on the non-
homogenized gless samples when fresh, end et € and 12 months according to
the method outlined under "Experimentsl”.

The pH of the samples pasteurized at 165° F. for 15 minutes end the
influence of time of storsge uvon the hydrozen-ion concentration of a
frozen, hizh testing cream are shoxn in table 27. The pH did not appear to
be materially eltered by the addition of either copver, sugar, or copper
and sugar, either when the cream was fresh or after a period of storags.

Several discrepancies in pH were noted as shown in table 28, These
are largely unsccounted for and possibly may be due to some extent to ex-
perimentel error. However, it should be borne in mind that the average
fat teét of the cream used was slightly over 50 per cent end even went as
high as 60 per cent in one case, so i1t is considered that the presence of
free fat in the defrosted cream due to the destebilized fat emulsion to-
gether with the low percentege of the serum may have been responsible for
some of these inconsistencies.

As a rule, there was & slight lowering of the pH, or a gradusl in-
crease in the hydrogen-ion concentrastion, as the neriod of storsge in-
ereesed (Figure 9).

10. The oxidation-reduction potential of fresh and stored cream. The

oxidation-reduction potential was determined on the nonhomogenized glass
samples at O, 6. and 12 months. The Eh of ell samples examined tzken

when fresh are shown in teble 29; the arithmetic mean of all samples over

the 12 month period being shown in table 30.



Data in these tables show that the Eh of fresh cream is affected
by a number of factors, mainly, copper, end pasteurization exposure.

A comparison of the effect of copper to the control sample at each of the
pasteurization exposures used is shown in figure 10.

The addition of 1 part per million copper to the creem quite ma=
terielly increased the Eh of the sample. This shows quite clearly thst
the presence of a strong oxidant will noticeably affect the Eh of a high
fat cream.

Conversely, the high temperature pasteurization exposure (Figure
10) materially lowered the Eh due probably to the liberation of the sulf=-
hydryls, glutathione and cysteine. Of especial interest, however,was the
observation that under the conditions of the experiment, the pasteuriza-
tion exposure had no effect upon the Eh of the cream when the cream was
contaminated with 1 part per million copper.

The seasons appesred to have an effect upon the Eh of the fresh
cream, As this experiment included cream of each of the 12 months, it is
interesting to note that the Eh was higher in the late fall and winter
months and lower in the middle summer months. Indeed, the Eh appears to
coincide quite closely with fhe temperature of the season. However, it

‘must be borne in mind thst only one 30-gallon lot of creem was processed
and stored each month and this condition could have very easily been due,
at least in part, to individuel variations of the various lots of cream
end might not be considered as conclusive evidence of the Eh of cream for
that season. Also as seasons vary with geographical location, conditions
found in this experiment might differ with the findings for the same month

of another location.
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Table 1. The flevor of control samples of creem in glass containers at
various periods of storage.

: : Oxicdized flavor of creem stored
tHomoge~ : 3 months when : 6 months when ¢ 12 months when
tnizetion: pasteurized at : pesteurized et ¢ pasteurized et
tpressure:1500k. 165°F. 1850F,:1500F. 165°F. 185°F.:150°F., 165CF, 18S°F,
Month: (1bs.) : ZO" 15" g" ¢ o7 15" g" : 30" 15" ol
0 * - - * - - ? - -
1500 s - - - - - - - -
March 3000 - - - - - - - - -
0 * - - * - - * - -
1500 - - - + - - - - -
April 3000 - - - - - - - - -
0 - - - - ? - ? - -
1500 - - - - e - - - -
Mey 3000 - - - ? ? - - - -
0 - - - - - - 14 ? -
1500 - - - - - - * - -
June 3000 - - - - - - * - -
0 - - - +* - - 1223 - -
1500 - - - - - - * - -
July 3000 - - - - - - * - -
0 - - - - - - ? - -
1500 - - - - - - ? - -
August 3000 - - - - - - * - -
0 ? - - - - - - - -
1500 ? - - " - - - - -
Sept. 3000 - - - - - - - - -
0 - - - * - - *e - -
1500 - - - * - - - - -
Oct. 3000 - - - - - - - - -
o} - - - ? - - ? - -
. 1500 - - - - - - - - -
Nov. 3000 - = - - - - - - -
0 - - - - - - L ] - -
1500 - - - - - - - -
Dec. 3000 - - - - - - - - -
0] - - - ? - - L4 - -
1500 - - - - - - * - -
Jan, 3000 - - - - - - - - -
0 - - - ? - - + - -
1800 - - - - - - - - -

Feb. 3000 - - - - - -
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Teble 2. The flavor of copper treated creem ssmples in gless conteiners
et various periods of storage.

: : Oxidized flavor of cream stored
¢Homoge~- : 3 months when : 6 months when ¢ 12 months when
tnization: pesteurized at : pasteurized at ¢ pasteurized at
:pressure:150°F. 165°F, 185°F.:150°F. 165°F. 185°F.:150°F. 165°F. 185°F,
Month: (1bs.) : 3C" 15" 5" : 30" 15" s : 30" 15" 5"
0 + + - *e *ree +* tee ++ *e
1500 *¢ + ? * *"” *” * lost +
March 3000 » * + 1323 *4 + * * *
0 T I X2 * +* *" * tee 1] the
1500 *e *e * *e + +e *ee +* te
April 3000 +44 +¢ *% +4 * *9 *ed +4¢ *
0 *+e+ + + * * *e *te et e
1500 e e *te * *° *” *re *ee *
Mey 3000 +ee + +¢ +e *e ** +ee 2¢ +
0 +* + *e *°e * +* *ee *e *”
1500 + *"” * *e *” " *re + *
June 3000 +¢ *e +4 +e +4 +4 *2 e + »
0 +* ++ *"” *e +* *e *ee ++e e
1500 *” * *” * *° *r° *2e *e *ee
July 2000 +H* *+ +H ++ +* *+ *e 142 et
0 *4e  +be *e et e +*e *ee +ee s
1500 Y TR Y T Y 1Y *nee *re * +*44 *ee *e
August 3000 +94 + *+e *+e *ee + +44 +29 *te
0] +t+e 2 +e +te +*s tee +*e *t
1500 o *” * et * * *ee +* *e
Sept. 3000 +¢ *e + *5e *e e *ee *4 e
0 *+rd *+* * *e *e +4 *ee *ee **
1500 *e *e ? e e *e *ee *ee e
October Z000 e Fed * 44 +9 *e 123 *44 e
o ? - - *e *e *e e * *
1500 ? - - * * e *e * *
Nov. 3000 ? - - e e » *e *¢ *
0 *e ? ? * e * *ee e *e
1500 * ? ? *”* ¢ o0 *e +*
Dec. 3000 * ? ? + *4 ® 24 * *e
0 e *e * ree *0: *e *ee 1223 *
1500 e e * e *” *" *ee * $
Jen. 3000 e + * (223 * 2 **d *e ®
0 te +oe + L 22 *e *e *+e tee *rre
1500 *ee *"” * *ee ¢ *+ *ee * *®
Feb, 3000 +t e * e *e LA e +44 ¢
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Table 3. The flavor of sugared cream semples in gless conteiners at
various periods of storsge.

: : Oxidized flevor of creem stored
:Homoge- @ 3 months when H 6 months when ¢ 12 months when
:nizetion: pasteurized at ¢ pasteurized at ¢ pasteurized st
;pressure:150°F. 165°F. 185°F.:150°F. 165°F. 185°F.:150°F. 165°F. 185°F.
Month: (1bs.) : 30" 15" 5" : 3" 15" 5" : 30" 15" 5"
o ? - - - - - - - -
1500 * - - - - - - - -
Merch 3000 - - - - - - - - -
¢] * - - ? - - - - -
1500 - - - * - - - - -
April 3000 - - - - - - - - -
0] - - - - - ? ? - -
1500 - - - - ? ? - - -
Mey 3000 - ~ - - * ? - - -
0 - - - - - - * - -
: 1500 - - - - - - + - -
June 3000 - - - - - - * - -
0 - - - - - - * - -
1500 - - - - - - ? - -
July 3000 - - - - - - ? - -
0 - - - - - - - - -
1500 - - - - - - - - -
August 3000 - - - - - - - - -
) - - - - - - - - -
1500 - - - - - - - - -
Sept. 3000 - - - - - - - - -
o - - - ? - - * - -
1500 - - - - - - - - -
Oct. 3000 - - - - - - - - -
0 - - - - - - ? - -
1500 - - - - - - - - -
Nov. 3000 - - - - - - - - -
o - - - - - - + - -
1500 - - - - - - ? - -
Dec. 3000 - - - - - - ? - -
0 - - - - - - ? - -
1500 - - - - - - - - -
Jen. 3000 - - - - - - - - -
0 - - - - - - ? - -
1500 - - - - - - - - -
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Table 4, The flavor of sugered end cooper treated creem ssmples in gleass
conteiners et various periods of storerce.

: Oxidized fl=vor of crenm stored
Homoge- : 3 months when : 6 months when ¢ 12 months when

tnizetion: pesteurized at : pesteuri-zed st ¢ vasteurized at
:oressure:150°F, 165°k. 185°F,:150°F. 165°F, 185°F.:1500F. 165°F, 185°F,

Month: (lbs.) : 30" 15" 5" : 30" 15" 5% : 20" 15" 5"

0 *+ * - te ** *t +t 2 *

1500 * * ? *e * ? *e ¢ *

Merch 3000 + * + *e *? *% * ? ?

0 *ee e * *ee * * *e *e *"

1500 2o * * +*r® * * * * *

April 3000 *e * - *e + ¢ +9 [ 23 +

0 e ? - * *"° * * *° *

1500 *” " * . * *” * *

May 3000 » +é ? * +o - ++4 * -

0 " * * e . * *ee *” *

1500 " * *e . * * * * *

June 2000 * +4 * *+ * + + * *

0 *” *e- *" *ee + + *t *ee **

1500 *e * * *" * * *ee *ee *

July 3000 * * *4 *+4 # * 249 *ee *e

0 * * *” *re *” * et *ee *”

1500 »* *re *” *"e * * *® * *”

Aucust 3000 (X *e * (22 +4 » *0d lost e

0 *e * * *e * * *e * *

1500 *» * *- *”e * * * * *

Sept. 3000 *e *o * *e 2 * * » ?
0 *” +*e * *re *” * 00 * >~

1500 * * * *re *»* * * *e *

October 3000 * * ® *54 * [ ® * *

0 ? - - * *” * *e * *

1500 - - - * * * * * ¢

Nov. 3000 - - - *9 *® ® *” * ®

0 ? ? - ** * * 20 * *

1500 ? ? ? * * * **ee ** *

Dec. 3000 ? ? ? - * 2 *00 *e +*9

0 * " * *e *"” ® *oe *r -

1500 * * * * * L *e *® *

Jan. 3000 » * . *$ * * *09 *e *

o *e * ? * * * *ee *» *”

1500 . * ? *° * * * * *

Feb, 3000 * ? 9 * * (23 *® +
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Table 17. The flavor of control cream samples in various containers when
stored 6 months,

:Homoge- : Oxidized flavor of cresm when pasteurized at
:nization:150°F, - 30" and :165°F, - 15" and :185°F. - 5" and
¢pressure: stored in : stored in : stored in

Month : (lbs,) :glass peper tin :gless paper tin :glass paper tin

0 * *e . - - - - - -

1500 - - - - - - - - -

March 3000 - - - - - - - - -

0 * *” * - * - - - -

1500 * * * - * - - - -

April 3000 - + - - * - - - -

0 - - - - - - - - -

1500 - - - - - - - - -

Mey 3000 - - - - - - - - -

0 - * * - - - - - -

1500 - - + - - - - - -

June 3000 - - - - - - - - -

0 * *” *e - - - - - -

1500 - + * - - - - - -

July 3000 - - - - - - - - -
o tin or 0 - - -
paper) 1500 - - -
August 3000 - - -

0 - - - - - - - - -

1500 - - - - - - - - -

September 3000 - - - - - - - - -

o - * - - - - - - -

1500 - * - - - - - - -

October 3000 - - - - - - - - -

0 - - - - - - - - -

1500 - - - - - - - - -

November 3000 - - - - - - - - -

0 - - - - - - - - -

1500 - - - - - - - - -

December 3000 - - - - - - - - -

0 - - - - - - - - -

1500 - - - - - - - - -

January 3000 - - - - - - - - -

0 - - - - - - - - -

1500 - - - - - - - - -

February 3000 - - - - - - - - -




Teble

18. The flevor of conper treated cream samples in various con-

teiners when stored 6 months,

56

¢:Homoge- :

Oxidized flavor of crerm when pesteurized at

:nization:150°F, - 20" and :165°F. - 15" and

:185°F, - 5" and

!pressure: stored in H stored in : stored in

Month ¢ (1bs.,) :2lass peper tin :zlass peper tin :glass paper tin

o} *4E 80 2 *e L I *” e

1500 * * +e ** + *e ** *r *e

Merch 3000 +44 ¢ e * 2 +* » *¢ ¢

0 *" *r *° *r * * *

1500 *e 22 * ** *e *° *t *e e

April 3000 +*4 R X *¢ * + *¢ L2 R & )

o] » * * +*t * *” *"” U 2

1500 * * + *4 *® *e *e e *

Mey 3000 * * +4 *  * +4 + ¢

0 **e * et *" * *"” * *

1500 ' err et * *r o *e e e

June 3000 * *r  * *4 *r e +¢ ® *¢

0 2o *0+ 40 *? *" * * *

1500 * * 2 *” *r *e *"

July 3000 * *> 20 *¢ *$ *¢ *4 *4 *9
(No tin or 0 1lost *r +
pever) 1500 **r *ee *
Augzust 3000 +94 *4 *

0 2 2 SN T X S 2 Y *” ** * * *"”

1500 *re *4e 24 * . * *e + +

September 3000 +o0 s R 2 2 *¢ ** *e e

0 *e *rr 4 *” +*® *® *r .t *

1500 292 +90 400 *” *” *"” *e *Tr o

October 3000 +4¢ 268 209 *> *e * * *4 o

0 *” *" *" * * ** * o

1500 *” *" * *e *” * * *

November 3000 *0 *? *e e *e +*e * ¢ »

0 *” *0e 200 *” ** * * * *

1500 * *"” *” * *” ’ * *

December 3000 * *9 +¢ *® * *® 3 [ +

0 **e *00 00 *Er 020 02 * ** e

1500 T I Y T B Y2 ) *” *” o * * o

January 3000 229 29 00 + AR 2 * » +

0 *e 0+ 00 *e *” *” *e "

1500 e *4e 200 *e * * * ** *e

February 3000 244 +$+ 404 9 +4 + +4 +4 +9
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Teble 19. The flevor of sugared cream ssmples in various containers when
stored 6 months,

:Homoge- : Oxidized flavor of cream when pasteurized at
tnizetion:150°F, = 30" and :165°F. - 15" end :185 F. = 5" and
:pressure: stored in H stored in : stored in

Month : (1bs,) :glass pesper tin :glass peper tin :glass paver tin

0 - ++ + - - - - - -

1500 - - - - - - - - -

March 3000 - + - - - - - - -

0 - + - - * - * - -

1500 ¢+ * - - * - - - -

April 3000 - - - * - - - -

0 - - - - - - - - -

1500 - - - - - - - - -

May 3000 - - - - - - + - -

0 - - - - - - - - -

1500 - - - - - - - - -

June 3000 - - - - - - - - -

0 - - - - - - - - -

1500 - - - - - - - - -

July 3000 - - - - - - - - -
(No tin or 0 - - -
paper) 1500 - - -
August 3000 - - -

0 - - - - - - - - -

1500 - - - - - - - - -

September 3000 - - - - - - - - -

0 - - ? - - - - - -

1500 - - ? - - - - - -

October 3000 - - - - - - - - -

0 - - - - - - - - -

1500 - - - - - - - - -

November 3000 - - - - - - - - -

0 - - - - - - - - -

1500 - - - - - - - - -

December 3000 - - - - - - - - -

0 - - ? - - - - - -

1500 - - - - - - - - -

January 3000 - - - - - - - - -

0 - - - - - - - - -

1500 - - - - - - - - -

Februsry 3000 - - - - - - - - -
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Teble 20, The flavor of sugered snd copper trested cream semples in various
containers when stored 6 months.

:Homoge- ¢ Oxidized flavor ol creem when passteurized st
tnizetion:150°F, - 20" and :165°F. - 15" end :185°F. - 5" and
{pressure: stored in : stored in : stored in

Month : (1bs.) :gless paper tin :glass paper tin :glass paper tin

0 * e e ** * ** * * *

1500 *ee *e *e * * *re - +e *e

March 3000 +t * +*4 +4 ++ +¢ *+¢ +e +e

0 *"” * *4 + + *e *+ * *

1500 +*" + * + * * * - *

April 3000 * +e *e * +*2 * * * 4

0 * * * *re * + * * e

1500 * * * * ¢ * *” * *

Mey 3000 * * + *e + ++ ¢ + ®

0 T TR Y T T * + * *e + *»

1500 * *” * * * * ) * +

June 3000 e * * + + * + + s

0 t2e  22e et + * *e * * *

1500 * * e * * e * ® +

July 3000 *e +4 *+4 + 24 + * +*+ *
(No tin or 0 e *e *
paper) 1500 *e +¢ *
August 3000 244 e +

0] *re *e *e * *e * * *

1500 e *"” *"” * * * * *

Saptember 3000 *4 *+e *4 >4 *4 [ * 4 | =

4] *ee ** *re *"” * *e * * ¢

1500 200 *H e *" + *e *e * *e

QOctober 3000 1313 ++ [ 3 ) * + 9 + + e

0 * * *" * ® * * + *

1500 +* ** * ** * ® * * 2 )

November 3000 44 +4 +¢ + 4+ e ¢+ L 4 +

(4] *e *” *"” *” *” *e * * *

1500 * * * * + * + ? ?

December 3000 - +4 1 2 2 L ? + + +

0 *e * * *¢ *” *e » * )

1500 +s * *" ¢ lost lost * * *

Jenuesry 3000 +4 + *e ® & + 3 + *

0 *4- *” * * * * * * *

1500 *e *»” *»* * * ® +* * *

Februsry 3000 - *e +e * + * * * »
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Table 21, The flavor of control creem semples in various conteiners
when stored 12 months.

:Homoge- : Oxicéized flevor of crezm when pesteurized st
:nizetion:150°F, - 20" end :165°F. - 15" and :185°F. - 5" and
ipressure: stored in : stored in : stored in
Mconth : (1bs,) :glass pesper tin :zless peper tin :glass vever tin
4] ? - - ? - - - - -
1500 - - - - - - - - -
March 3000 - - - - - - - - -
0 - +e * - - - - - -
1500 - » - - ? - - - -
April 3000 - + - - - - - - -
0 - - - - - - - - -
1500 - - - - - - - - -
Mey 3000 - - - - - - - - -
0 * *tr ? * + - - -
1500 * * *+ - * ? - - -
June 3000 + * +4 - ? - - ? -
0 (22 *"” *" - - - - - -
1500 ® * * - - - - - -
July 3000 * * e -, - - - - -
(No tin or 0 - - -
peper) 1500 - - -
August 3000 - - -
0o - - - - - - - - -
1500 - - - - - - - - -
September 3000 - - - - - - - - -
0 +* * *t - - - - - -
1500 - - - - - - - - -
October 3000 - - - - - - - - -
0 ? R ) - - - - - -
1500 - - - - - - - - -
November 3000 - - - - - - - - -
0 * * '3 - - - - - -
1500 ? * - - - - - - -
December 3000 - - - - - - - - -
0 ] ** * - ? - - - -
1500 * * + - - - - - -
Jenuery 3000 - ? + - - - - - -
0 * + * - - - - - -
1500 - - - - - - - - -
Februery 3000 - ? - - ? - - - -
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Table 22, The fleavor of cooper trested cream samples in various conteiners
vhen stored 1£ months,

‘Homoge- : Oxidized flevor of crecm when pasteurized at
:nizetion:150°F, - 30" and :165°F. - 15" and :185°F. - 5" and
:pressure: stored in H stored in : stored in
Month : (1bs,) :gless peper tin :gless peper tin :zlsss paper tin
0 *ee *” *ed " + *" *e * *"
1500 *e * +¢ lost * * * * *
March 3000 e e * * » * * ? *
0 T2 I Y T SR T T R T2 R T T Y Y S Y Y *e *r”
1500 262 260 0 *"” *” *ree *e *” *e
April 3000 AN . R 2 e X X e ** *e *t e
0 (T2 BT B 2 R T B T Y B X Y *e *e *”
1500 T XTI T X S Y Y S Y *e * * * *e
Mey 2000 L 0 e *e *e * + et
0 LY I T R 2 T T R T T *"” *e *”
1500 *r°e ** *ee * *oe *ee * *e *
June 3000 2R 2 R X2 * ® * 3 * k2
0 (2T LR T R T Y I T R R T N Y YL
1500 *e *ee *re **d *ee *ee *ee *te *®
July 3000 A IR O X R IR I XY ) X3
(No tin or 0 e e **e
paper) 1500 e *ee s
August 3000 244 [ XX *+e
0] *ee T *"” +* * *e * *
1500 *ee *e * ** * *? *e ! *
September 3000 *ey e * *e £2) 2¢ 2 + *
0 T2 2 BN 2 T B T T S T R L T *” *e *e
1500 * L 2 N T 1 290 *200 20 *e * *e
October 3000 243 +2e (X2 (213 242 e *2 * 3
0 T S T T Y Y * * * * * *
1500 * * *”® + * * * * *
November 3000 (X3 *e 9 28 * 3 : 3 * k3
o L2 SR TY B E 2 * *e *” * *e *”
1500 223 200 *e *e *e *e *e *e 1 2
Pecember 3000 2 R X R X 2 % +4 *2 X 2 +2
0 PEE PP P P2 F 8 e * et *e
1500 ** *°ee (1] *” 222 *e * * ¢
Jenuery 3000 (223 (2 X3 +98 e 20 e 3 3 3
0 L2 2 R T T R Y R I ¢ o4 lost *e
1500 *ee *ee *e *e *° *e *e *e *

Februesry 3000 (323 +4¢ * 240 244 4 29 +2 L 2
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Teble Z3. The flavor of sugered cresm samples in verious conteiners when
stored 12 months.

¢Homoge~- : Oxidized flavor of cresm when pasteurized st
:nization:150°F, - 20" and :165°F, = 15" and :185 F. - 5" and
tpressure: stored in H stored in : stored in

Month : (1bs.) :glass peper tin :gless peper tin :gless paver tin

0
1500
Merch 3000

- - - - - - lost -

0
1500
April 3000

0
1500
Mey 3000

0
1500
June 3000

[ K B 4

0
1500
July 2000

-~

No tin or 0
paper) 1500
August 3000

0
1500
September 2000

0
1500
October 3000

0
1500
November 3000

0}
1500
December 3000

1 Ve
'
'
'
'
]
]
'

0
1500
Januery 3000

[ 4
| Ve

]

]

)

'

)

]

0}
1500
February 3000

op
l!-\,*’l*\’-\?-\,#ll‘\'ill"llll!lw’l"L*Olllllllll

[ g

>

'

[}

]

'

]

'




Table 24.
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The flevor of sugared and copper treeted creem samples in
various containers when stored 12 months.

:Eomoge-

(3
L

Oxidized flevor of cresm when pesteurized st

:nization:150°F, - 30" and :165° F. - 15" and:185°F. - 5" and

!pressure: stored in H stored in : stored in
Month : (1bs,) :gless peper tin :glass peper tin :glass paper tin
0 *r * * * * *” * *
1500 *" * * * * * * * +
Merch 3000 ¢ ? + ? ? ? ? ? ?
0 *r *” *ree +e *”e *e *y * *
1500 e *e *e 3 * * * * -
April 2000 [ 2 IR 3 ) (23 ¢ L 3 * 2 3 $
0 *r e *ee *” * e *” ? *
1500 *"” e * * * * - -
Mey 3000 2SI 2 e * S L - - -
(¢} *+e 90 *” *T e *e * * *
1500 YT *e * * * * *