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During the vast twenty yeurs, milk has a-veared on
the market in new forms such egs homorenized mllk, nonfat
dried milk solids, and whole dried milk solids. In the
processing of these products, physical and chemiczl properties
of the milk are altered. In turn, these properties nay have

an &affect on the cooking cualities of the nllk.

A few investications (7, L2) have indicuted that th
rate of heat penetraetion into htaked custards vari=d with the
type of milk uszed. However, no extensive study has bteen con-
ducted on this vchase of the cooxing characteristics of

various nmilks,.

The purpose of tunis investl:ation was to corpire tLhe
quality of paked custards using different milks and to study
the tire - terperature curves for the various custards.
Since custards are highly sensitive to slight chances in the
mixture, custards were chosen to derionstrate differences in
cooking qualities of various milks. This sensitivity of cus-
tard to small chanres in the erg-sursar-milk mixture has been
shown in studies by Locue (45), Carr and Trout (7), and

MacDougall (LZ),
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PDefinitions

Pasteurlized i1k,

Pasteurized nilk is fresh whole milk which has been
heated at temoerstures no lower than 1L.2° F. with holding at
such te"vereture contirnuously for not less than t-irty
minutes, or to a temperature n-t lower than 160° 7. with
holding at such teriperature continucusly for not less than
fifteen seconis. The pasteurized milk is then vrorptly

cooled to a te-perature of 50° F. or lower (52).

Horo rerized 1Millk,

As defired by the Michican Allied Deiry Corporation (52),

Fomorenized . . . milk is milk which has been
treated in suvch menner as to insure break-up of
the fat lobuvles to such esbent Lhat after §
aovrs undistrroesd store e noy vicivle

seozration occurs on the milt end the fat ver-
ceata e of e ton 100 1, of ~1ik n a cirt
ottle, obtelnca 'y ooovvint, o croportinsnete
volumes in containers of other sigzes, does not
differ by more than 10 ver cent of itself from
the fet nercentace of the remaining milk as de-
terriined after thorough mixing.

Y3
o
h

Skirmed ¥ilk.

The Michilraa Allied Dairy Corporation (52) has defined
skimrmed milk as follows:

Skimmed rnillk 1s milk from which substantially

all of the milk fat has been reroved, and has

a specific gravity at 60°‘ahrennheit from 1.032
to 1.037 inclusive.






Evanorated Milk.

Zvaporated milk 1s the liquid food made by evaporating
sweet riilk to such noint that it contains not less than 7.9
per cent of milk fat and not less than 25.9 per cent of
total milk solids. It m&r contain onrne or btoth of the follow-
ing optional inzredients:

l. Disodium phoshhate or sodium citrate or both,
or calciwn chloride, added in a total qguantity
of not more than 0.1 per cent by weizht of the
finished evajorated milk.

2. Vitamin D in such grantity &s increases the
total vitamin D c¢ontent to not less than 7.5

U.S.P. units per avolrdupois ounce of finished
evaporated milk., (72)

Nonfat Dried %711k Solids.

Nonfat dried milk snlids have been defined by the

Federal Food, Drug, and Cosmetics Act of 194l (72) as

follows:

Nonfat dry milk solids or defatted milk solids

is the procduct resulting from the removal of fat
end water from milk, and contains the lactose,
milk proteins, and milk minerals in the cane
relative proportions as in the fresh milk from
which made. It contains not over 5 percentum by
welcht of moisture. The fat content is not over
1z percentun by weight unless otherwise indlcated.
The term "riilk", when used herein, m~ans sweet
milk of cows.

Dried Whole Milk Solids.

Dried whole mlilk 1s the product resulting from
the renoval of water from milk. It contains not
less than 26.00 per cent of nilk-fet and not more
than 5.00 per cent of moisture. (28)



¥ethods of Processing

Pastenrized ilk,

The first step in the processing of pasteurized milk
iz the cl.rifying or filtering of the raw milk in order to
remove visible foreiyn psrticles that are present. <cClari-
fyins 1s usually preceded by heatinc to G00 - 950 F, The
milk 1s then'pasteurized in order t» destroy pathorenic
orranisms and enzyries and to arrest the multiplication of
microorganisms that could render the milk unfit for human
consumption. Two pastevrization processes may bte employed =--
holder or flash. In the holder method, the millt is heated
to 1429 = 146° ¥, and is maintained at that temperature for
at leest thirty minutes. Flasn vasteurizatlion employs a
terperature of 160° - 162° F. and a holding time of at
least fifteen seconds at that terperature (62). One advantare
of the flash process Is that there is less chance of
"cooked flavor" development than if the holder process is
used (18). The milk is then cooled immediately to 50° ¥,

or lower and bottled.

Formorenlized ilk,

In the processing of hororenized milk, the milk 1is
clarified, preheated, homogenized, pasteurized, cooled, and
bottled. The sequence of steps may be varied, devending on
the plant facilities and whether or not & whole vat of milk

wlll be homogenized. If only part of the vat of milk 1s to
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be homogenized, the milk 1s pasteurized prior to homogeni-
zation. If the milk is homo:enized before pasteurization,
the milk should be prehected to temperatures of 130° - 1350
F. or hicher at which tenpereatures the milk should be homo-
genized (69). The hich preheating tewverature is necessary
to inactivate the enzyme lipase which would otherwise cause
the development of off flauvors due to the increased fat
globule surfaces produced by honmorenization. In the homo-
genizing process, the fat globules are broken up and reduced
in size by forcing the miliz under pressure through very
small holes. Normslly, a pressure of 2,000 - 2,500 pounds

per square inch is used (69).

Skimmed 1iilk.

The production of skimmed milk involves the separa-
tion of whole milk into cream and skirmed milk by means of
a centrifuzal cream separator. The milk is fed into a
rapidly soinning bowl and distributes itself onto separating
discs that impart a swirling action to the milk. Being
heavier, the skimmed milk forms a layer on the outside edge
of the bowl while the cream collects on the inside edge of
the layer of rotating milk and cream. The incoming unseparated
milk forces the separating lsyers up from the bottom and out
at the top of the bowl. According to Farrall (22), the
i1deal temperature for separsting milk is 850 - 100° F.

Under efficient operating conditions, the fat content of
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the skimmed milk vearies from 0,06 - 0.10 per cent (62'.
After separation, the skirmed milk is pastevurized, cooled,

and bottled.,

Evaporated ilk,

Milk to be evaporsted 1s usually standardized to the
desired ratio of fat to solids-not-fat prior to clarification.
After clerificetion, the milk is forewarmed usually at ten-
peratures ranging from 200° F. to bolling with an exposure
time of ten to twenty-five minutes (36). Following pre-
heating, the milk is concdensed to the desired concentration
in a vaéuum pan. The evaporated milk is then homogenized,
cooled, and put into cans. The filled cans are sealed and
sterilized for fifteen - seventeen minutes at teriperatures
renging from 2389 - 2,5° F. The final step is the cooling

of the cans of milk.

Dried Milk Solids.,

Dried mllk powders are manufactured by two principal
processes = spray and roller. Since the dried milk powders
used in this study were spray dried, the discussion will
include only this process. The milk is first preheated and
pasteurized. According to Coulter (16), this heat treatment
improves the keeping quality of the powder due to the produc-
tion of sulfhydryl groups that act as antioxidants. Following
pasteurization, the milk is partially condensed to LO per

cent solids to increase the drying speed. The partially

concentrated milk is then sprayed by means of centrifugcal
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force or pressure into a chamter throush which a current of
heated air is directed., The milk particles lose molisture in
a few seconds and drop to the floor of the drylng chamber
In the form of a fine _.owder., The force of cravity or cy-
clonic motion rermoves the milk powder from the air. 1In the
production of dried whole milk solids, the whole milk is
usually honogvenized before dryinz 1f the centrifural spray
method is used. In the pressure spray drying, the fat
globules are homogenized by their passare throuch the spray
nozzle,

Physical and Chemical Properties of Milk as
Affected by Processing
The properties of milk may be affected by processing
methods. In turn, these characteristics may modify the
cooking qualities of the milk as shown 1n baked custards by
Carr and Trout (7), Macvourall (48), and Hollender and Weckel
(34).

Flevor.

Fresh raw milk has a mildly sweet flavor. When the
milk is subjected to heat treatment, as in pasteurization,
a heated or "cooked" flcvor develops (25). TUpon more drastic
heat treatment, such as in the processing of eva.orated milk,
a caramelized flavor is developed. According to Trout and
co-workers (70), homogenized milk seemed to have a richer

flavor than unhomorenized milk.
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The developrment of "cooked" flavor has been attributed
to the liberatisn of sulfhydryl rroups during the heeting of
the milk. Gould (25) reported a close correlstion between
developrment of "conked" flavor and the formation of =31
groups, both occurring simulbteaneously &t 172° F. Josevhson
and Doan (LO) found that cooked flevor developed in milk
heated to 155° F. for thirty minutes, 160° F. for fifteen
minutes, and 170° F. flash hested. Liberztion of sulfhydryl
groups occurred at these points. Hutton and Patton (38)
studied the source of =-ST groups in skirmed milk and found
them to be present in the scerum proteins. Fractionatlion of
the serum proteins indicated that most of the sulfhydryl
groups were 1In the - lactorlobulin portion. Cn the other
hand, Josephson and Doan (l:0) sattributed a positive nitro-

prusside test to the albumin portion of the serum proteins.

As shown by seversl investicators (17, 57, 58, 65),
prolonged heat treatment of milk et high te peratures results
in a decrease in the gquantity of volatile sulphides in milk.
At the same time, there is a gradual transition in flavor
from cooked to caramelized. This flavor change is &accompanied
by the development of a brown color. Coulter and co-workers
(17) sugrested that the reduction in sulfhydryl eroups is

dependent on & reaction involving casein and lactose.



The color of milk i1s dependent upon its pigments and
upon suspended particles of such size that they zre capzble
of reflecting lirht., The white color in milk is due to the
permanently dispersed casein while the colors other than
white are due to lactochrome (water s»oluble pi;ment) and
carotene (milk fat pizment) (36). Whole milk has a nmore
white color and no blue tinge as corpared to skimmed milk,
due to the presence of fat globules which reflect and scatter
the light reys and to the presence of cerotene (62). A4s
shown by Tracy (66) and Henderson (32), the color of homogenized
mnilk is whiter than unhomorenized milk dve to the increased

fat globule surfaces.

Upon prolonr~ed heating of milk at high teriperatures,
a brown color develops in nilk. This has been a problem
with evanorated milk and dried milk solids. Eell and Webb
(3) showed that in the processing of evagorated milk, fore-
warming can bte continued for a longer time at a low terpera-
ture than at a hich one without.intensifying the color.
According to several investigcators (31, S, 56, 60, 75),
casein and lactose are the principal reactants in the color
production. A brownish color developed as a result of the
condensation of the free alcdehyde gcroup on the lactose
rnolecule with the amino croup of the protein. Kass and

Palmer (L41) and Wricht (77), on the other hand, ascribed
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the color development to the caramelization of lactose and

the adsorption of the lacto-caramel pirment on the casein.

Futterfat,

The fat content and the nature of the fat globule may
be zltered by processing metho’s to which the milk is sub-
jected. Accordins to Sormer (62), the fat content of whole
milk is not changed by pesteurization. He also recorted
that tne fat content of skirried milk, as measured by ether
extraction, varied from 0.06 - 0.10 per cent under efficient
cream seperatine conditions. Whole milk solids contaln at
least 26 per cent fat (1), while nonfat dried milk solids

contain only 0.9 per cent butterfat (2).

The process of homogenlization changes the ncture of
the fat globule. Nonhomogenized fat globules vary markedly
in size end show a tendency to cluster or bunch tngether,
Homncenized fat globules, however, are qguite small, more
uniform in size, and compsratively even in distribution (69).
Doan and lMinster (21) reoorted that the averace diameter of
the fat globules in normal milk was four to eight microns,
while after homogenization, the dismeter was less than two
microns. According to Trout and co-workers (70), the surface
area of the fat globules is increased five to six times as a
result of homoszenization. Gould and Trout (27) found no ap-
preciable effect of homogenizing pasteurized milk on such

fat constants as the Reichert - lielssl number, the Polenske



11
nuriber or the refractive index. Wwhen raw milk was homo-
cenized, howsver, the acid decree of the fat increased four
to six times within a few minutes, cue to the greater fat

splitting action of the lipase on the increased fat surface.

Lampitt and Zushill (42), studying the fat properties
of dried whole milk powders, reported that much more free
fat was extracted by organic solvents with roller dried whole
milk powders as compared to powder dried by the spray process,
Cn pressing fresh spray powder between layers of paper, no
fat soaked into the paper, while the fat of the roller pow-
der soaked into the psper very readily. The difference in
extractibility of fat was believed to have been caused by
the stabllization of the fat emulsion by the spray process
or destabilization by the roller process. The pressure spray
process provided for considerable homozrenization of the fat
and the iIncreased adsorption of protein at the fat globule
surface tended to prevent extraction of the fat. In the
roller process, the contact of milk with the hot drum and
the pressure of the knives micnht be expected to disrupt the

naturally occurring membreane that stabilizes the fat emulsion.

Nexcy and Sommer (51) found that rising of fat occurred
in evaporated milk on prolonced storage. They indicated
that it was due to the density of the fat particles beilng
lower than that of the concentrated plasma in which they were

suspended.
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Protelin.

Homorenizatlon affects the proteins of milkx in some
mnanner, lowerling their stablility towards varlous reacents and
temperatures. The exact mechanism of the homouenization
effect is not fully xnown. Doan (1¢) and Doan and Minster
(21) found that the proteins of milk were <estatilized by
hormorenization when fat was present. The proteins of skirmmed
milk were not affected by horio enizatisn. The investigrators
indicated the calcium 1ion concentration present micht be a
prime factor. The lowering of the curd tension of milk by
hormorenization as shown by Tracy (67), iasack and Tracy (47),
and Caulfield and ilartin (8), hus been attributed to the

adsorption of protein on the increased fat surface by Wolman

(76).

Brunner ard co-workers (li, 5, 6) studied the effect
of homorenization on the fat globule membrane. The immediate
surface of the fat globule 1s surrounded by a covering of
absorbed substances, consisting of a phospholipid-vrotein
comolex. The outer layer 1is composed of milk plasma, chiefly
casein. As shown by amino acid compositlion, sedimentation
diasrams and electrophoretic patterns, the cheracter of the

fat globule membrane proteins was chanred by homorenization,

Spray drled milk powders szre 99 per cent soluble and
retaln many of the properties of fluid milk (36). Howatt and

Wricht (35) found that maximum protein solubility in water
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occurred at 509 C, ixcosure to hi:zh terperatures “urinec pre-
condensins or dryings, such as used in the roller process,
results in & partial coagulztion of the protein and lessens

the solibility of the dried milx powder. (17, L3).

Lectose.,

Lactose 1s present in spray dried milk powcers in a
non-crystalline form as a very c:ncentrated solution or
glass (71). Dried milks assume some of the properties of
lactose (36). Chol and co-workers (13) found that lactose
was nonhydroscopic in fresh dried milk solids of low mois=-
ture content. As the rmoisture content of the powder in-
creased, the lactose chanred to crystalline‘(L lactose
hydrate., The critical moisture level for spray dried nonfat
dried milk soll’s was 7.5 - £.0 per cent, very little lactose
crystallization taking place below these levels. Spray dried
whole milk solids with a lower lactose content, had a lower
critical moisture level (6.5 - 7.0 per cent), indiceating
that the critical molsture level may depend on the amorphous
lactose content of the vowder. At these rioisture levels,
the powders became less soluble &and developed browning,

caking, and undesirabtle odors and flavors (59).
Heat Coagulsation of Proteins

The formation of a gel in custards depends on the

coagulation of protein which holds within its meshes the
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solution from wrich it was precipitated (55). Since only
about 0.75 per cent of milk is heat coagulable, egcs suprly
the larger percentace of heat cozgulsbtle protein in custard

(46)

In milk, the chief nitrogenous constituents involved
in hest coarulation are lectalbumin end casein. The albumin
is present to the extent of 15 per cent of tnhe milk proteins
and 1s partially coarulated by hest in normal milk. In
evaporated milk, the stabilizing effect of preheatinsa et
relatively hizh teperatures is duve larzely to the precipi-
tation of the albumin (36). kssentlally, coarsulation of
milk is closely connected with the coasulation of casein
since caselin is the major protein of milk. It represents
about 80 per cent of the total nitrorenous suostances in
milk and 1s present in fresh milk as a calcium salt. Coaru-
lation of casein does not occur at ordinary te ‘peratures.

It coagulates in aoproximately twelve hours at 100° C., about
one hour at 135° C. and avoroximetely three minutes at

150° c. (Lb6).

The main factor controlling the hesat stability of
milk is the salt concentrstion of the milk (1%, 63, 6L).
According to Sormer and Hart (63, 6l), the action of calcium
and marnesium opposes that of citrate and phosvhate. kxcess
or defiiciency of any one of these lowers the heat stability

of the casein. Cf these ions, calcium 1s of primary
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importance., In the processing of milk, heztine the niilk to
high te peratures or lengthening the preheatine period pre-
cipitates a portion of the soluble caseln salts, thereby
reroving an excess of calcium and renderins the caseln more
stable (63). In the processings of evarorated milk, heat
coaguletion difficulties nay occur cue to the abhsence of the

proper valance of salts tut may te uwraed a-elnst by addi-

tion of selt tne correctlion of the selt baluance vrior

w
s J
O
i

to ceondensing. Hono erization f 1lk 1overvs e oroteln
less newt ste le, ooy atly by (e withipavzl of e celts

ty e2sorstion on tae increace ) suricce srea o7 the fat (20,

Protein coao lation by heat takes nlace in three
steps, accordin: to Gortner (2L). The first step is Zenatura-
tion in which there 1s an intra-meclecular rearrancement
whereby certain groups such as sulfhydryl and dis-lfide nnt
detectatle in the native vrotein becorie so in the densatured.

Probably the cooked flavor in heaited miik tecomes evident

at this point. The second step is the flocclation of the

(o8

denatured protein and the third ste: is the cosz:ulation which

results in the formation of an insnluble gel. Chick and

Fartin (9) thousht that coaruletisn occurred in two stares,

the cdenaturation preceding the coazulation.
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Heat coaguletion ol milk <rd custaras may ve inlluenced
by acid, alkall, szlt, tenprrature and tl.ie rclutiorshtivs,

protein concentretion, end suvrar,

n

Bffect of Te nerature and Liie.

Chick ani Martin (9) indicate thut tue heat coasulation
of protein solutions is a reaction btetween protein and water,
Heat eaccelerates the reaction and the rate of coagul=tion in-
creacses with a rise in teqveratire. The reletion of time to
temperature hess an effect on protein coaculation. Custards
coagulate at a lower temverature with a slow rate of heating.
With a faster hezsting rate, the coerulaticn termperature is

raised (46). Harland and co-workers (30) indicate that
high-temperature -- short-time pastevrization of milk causes
less heat dencturation of the milk serun proteins than the

holder method.,.

eEffect cf salt.

The general role of salts in the heat coaruletinon of
milk hes previously been discussed. Lowe (l;6) revorts that
the concentration of the salt and the velence of the ion
have an effect on the co&pulation of custarcs. In cenecral,
the coagulation nower of the ion increases with increasing

valence,
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icide.

Milk is very sensitive to pH chanrscs in two ranges,
pd 6.4 - 6.2 and 5.4 - 5.2. Chick and lartin (10) stste
that the addition of an ecid solutlon hastens the ciottlng,
the second pert of the heat coagulation process. ‘lowever,
denaturation, the first pert of the process, is nct
accelerated. The influence of acld 1In speedingz the coagu-
lation rate is at first reather small, but with increasing
amounts of acid, its influence becomes disproportionately
greater, Tunzicker (36) found that the heat stability of

milk wes lowered by an Increase in ecid content,

Effect of Alkali.

Chick and Martin (11) found thet in alkaline solu-
tion, denaturation of efc vrotein increased with increasing
concentration of hydroxyl ions., The second part of tane coagu-
lation vrocess, tne clotting of the vrotein, did not occur.

If the alkali was neutralized with acid after heating,

coasvlation occurred.

Effect of Protein Concentraticn.

The protein concentration affects the coagulation
temperature, the teperature being lowered as the proteiln
concentration increases (123, L6). Morse and co-workers
(53) found that the gel strencth of custards increased with

an Iincreased orotein concentration.



Affect of Suar.

Tne additi»n o2 surar to e - onrobe’ns elevetes Ule
coarriction fLe v ovatora, e t- o2 Jenxtizibing o T oro-
. - . 4
tein by the suter. leceoriios to Lote (LE), the eflect s
srooanrtinnal ta t e oot alied,
aalather Te Tt re of Weat Unsonlotdoan,

Leishton and ludr-e (L) heve shown that the vrocess of
heat coarulation 1s an erdothernic reactiosn. When skimmed
milk was heated, & marked heat absorption coincided with
the aspecrance of vislble curds. This was accomcanied by
the precipitation of calcium and marnesium as phoschate and
citrate. At this point, the thermometer reading remained
constant or showed a slight drop. When fat was present, the

rate of heat ebsorption was constant but slower.
Baked Custards as a lledium of Testing Various Milks

Because custards are highly sensitive to slight changes
in the esg-sugar-milk mixture, custards were chosen to
demonstrate differences in cooking cualities of various
milks. This sensitlvity was shown in a study on the cooking
guality of four crades of eggs by Logue (L5) and in studies
by Carr and Trout (7) and MacDougall (48) on the cooking

properties of various milks and nonfat dried milk solids,

There is no one internal temverature to which custards

should be baked. The te.iperature at which selation starts
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varles with different proportions of ingredlents, rate of
cooking, and egg quelity. With a slow rate of heating, the
custard has a serving consiétency at 820 - 84° C. (46).
Under normal baking conditions, curdling usually occurs be-
tween 85° and 87° C. If rapidly cooked, the custaris may be
too thin to serve at 87° - 89° C. and may curdle before a

desirable consistency is attained.

It appears that one of the factors influencing the
rate of heat penetration into custards 1s the type of milk
used. Cook and Husseman (15) observed that the te:iperature
required to reach gels of similar consistency was 1° C.
higher when whole or nonfat dried milk solics were used in-
stead of whole milk or evaporated milk. Carr and Trout (7)
found that tne total taking time in custards made with homo-
genized milk was longer by fifteen to twenty minutes than in
those made with unhomogenized milk. Custards made with homo-
genized milk could withstand hicher baking temperatures
without seriously affecting the gel stability. Hollender and
Weckel (34), however, found that homogenized milk custards
paked 1n a shorter time than unhomogenized mllk custards and
had a more critical cooking temperature. MacDougall (48)
observed that heat penetrztion varled with different types of

nonfat dried milk solids.

Carr and Trout (7) found that unhomogenized milk cus-

tards seemed to have a sweeter flavor than homo~-enized milk
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custards. Since the unhomogenized mili custards showed a
greater amount of syneresis, they sugcested that the sugars
are concentrated in the liquid phase and therefore unhomo-
genized milk custsrds seem sweeter in taste. Cook and
Husseman (15) noted that eva.oreted milk custards hed a dis-
tinctive flavor and that flavor scores were lower than when
whole milk or dried milk solids were used. Possibly the
distinctive flavor of evaporated milk custards could be
attributed to a caramelized taste which 1is developea as a
result of the high processing terperatures to which evaporated

milk 1s subjected.

The color and consistency of the custard crust is
affected by the milk used. Carr and Trout (7) found that
custards made with unhomocenlized milk had a tender crust
which browned easily. Custerds made with nonfat dried milk
solids or horiogenized milk hed touch crusts whicnh browned
very little except at the edres (7, L&, 53). Crusts of non-
fat dried milk custards showed wrinkling and cracking (4f).
Carr and Trout (7) thourht that the difference in brovning
and tenderness was due to the butterfat which collected at

the top of the unhomogenized milk custards.

Since protein stability is decreased by homogenization,
it would seem that the protein would be more easily coagulated
by heat &and that therefore custardis made with homogenized

milk would have a firmer gel than those made with unhomogenized
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milk baked to the samne internal temperature., Carr and
Trout (7) reported that homogenized milk custards had a firmer
and more stable gel than those made with unhomogenized
milk, Opposite results were found by Hollender and Weckel
(34). BSerum separation was greater with homogenized milk
and increcased with a longer cooking time. Firmness of the
gel as measured by the curd tension meter was less with
homogenized milk than with unhomorenized milk. Custardsfortil-
fied with dried milk solids had a firmer gel (15, L8, 53).
As the concentration of dried milk solids was increased,
the gel structure became firmer. There was also less ten-

dency for serum separation (48).
Subjective and Objective Measurements of Baked Custards

Sub jective Measurements.

Although the limitations of a taste panel for judging
the palatability or eating quality of food are realized by
investigators, there are still organoleptic factors which
cannot be expressed by objective measurements. Factors such
as appearance, color, and flavor are better judged by a
scoring panel. Results of objective tests are often corre-

lated with those obtained by subjective means.

Objective lMecasurements.

Several tests have been developed for measuring some

of the physical characteristics of baked custards. The
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principal measurements include the gel strength, syneresis,

and the rate of heat penetrution during baking.

Sjneresis:t There is a tendency for gels, upon stand-
ing for several hours, to separate into two phases, solid
and liquid. This separation has been termed syneresis or
weeping. Various means of measuring syneresls have been
used by investizators. MacDourcall (4S) used a fine wire
screen throuch which the liguid drained while others employed
the use of adsorbent paper. The liquid was weighed and used

as a measure of the syneresis,

Gel Strenesth: A number of methods can be used to

measure the gel strength of beked custard. Three tests were
used in this study: penetrometer, standing index, and curd

tension meter.

Penetrometer: The penetrometers has been used to

determine the cocnsistency of foods by measuring their pene-
trability. The instrument measures the depth of penetration
or depression caused by a force relesased for a certain length
of time. Devending upon the type of meterial tested, a
penetrorieter needle, disc, or cone may be used. Logue (45)
used a speclial cone and rod attachment to measure the depth
of penetration into baked custards. MacDougall (48) found

a significant positive correlation between judges! scores

#*# New York Testing Laboratory Penetrorieter
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for crust toughness and penetrometer readings on the crust of
baked custards. However, there was no sipgnificent correla-
tion between firmness scores of the judges and firmness of
the gel on the inverted custards or on the top of the cus-

tards with the crust removed.

Standing Index: The standing index measures the

ebility of the custard to hold its shape while standing. It
is the ratlio of the height of the custard to the average
dlameter. Upon standing, the gel structure wealkens and the
custard spreads. The standing index value decreases as a
result of the increasing width and decreasing height. Carr
and Trout (7) measured the staniing index value of baked cus-
tards over a three hour period while MacDougall (48) used a

five hour testing period.

Curd Tension Meter: Hill (33) first used the curd

tension meter to measure the firmness of the curd from

cows! milk., A modification of this instrument was used by
several investigators (7, 34, L43) to measure the difference
in gel strength in custards made with various milks.
MacDourall (48) indicated that the curd tension meter was a
better measure of the gel strength of custards than the
penetrometer, as shown by highly significant correlations
between judges'! scores for firmness and the results obtained

with the curd tension meter.



PROCZDURS
Design of Experiment

Baked custards prepared from various mlilks were com=-
pared subjectively and objectively. The milks used included
pasteurized milk, homosenized milk, skimmed milk, evaporated
nilk, intermediate spray dried nonfat dried milk solids, and
spray dricd whole milk solids. Two serles were conducted
on the baked custards, each series being scored sepzrately.
In Series I, each lot of custard was baked to the optimum
internal temperature for the particular type of milk as de-
termined by preliminsry trials. The custards 1in Series II

were all vaked to the saue internal termperature (86° C.).

The statistical pattern used in this experiment was
the balanced incomplete block, only a part of the total num-
ber of varliations being judged at each test period. The

distribution of sanples was randomized throughout the days.

Pasteurized milk was used as the control. Three
treatments were prepared each day. Five replications of each
variation were baked for each series. Seventeen custards of
each variation were baked at one time. Four custards were
used for the subjective tests, twelve for the objective

tests, and one for the time temperature readings.

2l
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Ingredients

The fresh milks were obtained from the College
Creaniery the cday before the test period. The remaining in-
gredients were secured from the College Stores &t the be-
ginnint of the study. The dried milk powders were stored in
tightly closed polyethylene bags under refrigeration. The
evaporated milk was stored in the original containers at

room tempersature.
Formula

Lowe (L46) was the source for the basic custard forrnula
used.
Milk - 6 cups - 146l grams
Sugar - 3/4 cup =~ 150 graus
Kggs - 6 - 288 grams

Salt 0.75 grams

The dried whole milk solids were substituted for pas-
teurized milk in the formula on the baslis of whole fluid
milk containing 13 per cent solids and 87 per cent water.
Evaporated milk was reconstituted using 50 per cent water
and 50 per cent evaporated milk. The nonfet dried milk
sollds were reconstituted on the baslis of skimmed milk con-
taining 95 per cent solids and 903 per cent water. The

proportion of solids to water used was &s follows:
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732 grams evaporated milk + 732 grams water = 146l grams
fluid whole milk.
140,25 grams nonfat dried milk solids + 1323.75 grams
water = 1lL64 grams fluld skimmed milk.
205.55 grams dried whole milk solids + 1258.45 granms

water = 146l grams fluid whole milk.
Preliminary Preparation

For one lot of custard, 283 grams of fresh egg, 75
grams of sugsar, and 0.75 grams of salt were mixed together.
The remainder of the sugar (75 grams) was added to the
milk the day before the custards were prepared. Eknough
ecg mixture for seven lots of custard - 2016 grams of ecg,
525 grams of sugar, and 5.25 grams of salt - were mixed with
en electric mixeri at No., 1 speced for eirht minutes. The
mixture was then stralned into a container and the procedure
was repeated until enough egz-sugar-salt mixture for the
entire series had been obtained. After thorough blending,
the mixture was weighed into 363.75 gram portions and placed
in pint freszlng contalners. The containers were sealed,

marked, and placed in a freezer held at 0° F.
Preparation of Custard Mix

Three cartons of the egg-sugar-salt mixture were re-
moved from the freezer and were thawed in the refrigerator

for seventeen hours.
# Kitchen Aid Model K5-A
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The day before the test perlod, each milk was combined
with half the total sugsr in the following manner. All in-
gredients were weighed on a torsion balance. The fluid
mllks - pasteurized, homorserized, skimmed, or reconstituted
evaporated - were blended with the sugar, stirring with a
metal tablespoon until the sugar was dissolved. The dried
milx solids and sugar were mixed with a metal tablespoon
using twenty strokes. The necessary amount of water was
heated to 50° C. and transferred to a large size bowl of an
electric mixer¥*. The mixer was operated at No. 2 spesd and
the dried milk solids were sorinkled into the water in four
portions, each portion being beaten with the water forty-five
seconds before the next portion was added. After the last
addition of solids, the mixture was beaten at No, 2 speed for
1-3/l4 minutes and than an additional 1/2 minute at No. 5
speed. The milks were then placed in enamel bowls, covered

and placed in the refrigerator over night.

The day of the testing, the egg mixture and milk were
combined in the electric mixer and blended for 1/2 minute at

No. 2 speed. Any froth formed was re:woved.
Custard Cups

Five ounce custard cups were filled with the custard

mix to within 1/2 inch of the top, as measured with a depth

#* Kitchen Ald Model KG5-A
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cauge. The custerd cups contsined 99.3 : 3.3 grams of mix,
The cups were placed in a beking pan in a randosmized order
es to the subjective and objective tests for which they

would be used.
Baking

The custerds were pleced in a baking pan and water
at 35° C. was added to the pan until it came up to the level
of the custerd mix. The pan was put on the lowest rack of
the oven regulated at 325° F. A thermometer, suspended
from the top rack of the oven, was placed in the center of a
custard designated in the plan. Another thermometer was
placed in the water bath. The tips of the thermometer bulbs

were 1/2 inch from the bottom of the pan.

In series I, each type of custard was baked to its
optimum Internal teviperature as had been determined in pre-
liminary trials. Custards made with pasteurized milk, spray
dried whole milk solids, and evaporated milk were bal:ed to
an internal terperature of 86° C. Those made with skimmed
milk, homogsenized milk, and nonfat dried milk solids were
btaked to an internal temperature of 88° C. The higher in-
ternal tempersture for homorenized milk is in accord with
Carr and Trout (7) who revorted homogenized milk custards
could withstand higher baking temperatures than unhorocenized
milk custards, but is not in accord with Hollender and Weckel

(34) who found the opposite results. r'or Series II,
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custards made with all the types of milk were baked to an

internal temperature of 86° C,

The custards were removed from the water bath when
the desired internal temperature wes reached, and were

cooled at room temperature on wire racks for 1z to 2 hours.
Subjective Tests

A panel of four judges from the loods and Nutrition
Department scored the baked custarcds for acpecrance, crust,
color inside, flevor, srnoothness, firmness, sweetness, and
general acceptability. The judges were asked to record
corments concerning any unusual characteristics noted. A
sample of the score sheet 1s shown on pagelll in the acpendix.
The highest possible score was seven anc the lowest one, for

each fector,
Objective Tests

Recordings of the room teuperature and rclsative
humidity were made at the beginning and end of each test

perlod.

Time - Temperature Recordings.

Temperature readings of the custards were taken Just
before the custards were placed in the oven, ten minutes after
placement in the oven and every five minutes thereafter until

the desired internal temperatures of the custards were
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reached. The time - temperature curves for the five repli-

cations of each treatment were averared and plotted.

pd Readinss.

The pH of the fluid mixture before baking was recorded.
The pH of the baked custard was determined by mixing thoroughly
two grams of custard with ten milliliters of distilled water.

The pH was measured by using a Beckman pH meter.

Syneresis.

The crust was renoved from the custard with a knife.
The custard was inverted on a fine screen under which a
weighed petri dish was pleced. The weight of the petri dish
was recorded every hour for three hours. The amount of
syneresls each hour was mecasured by tasking the difference in
welght. Two replications of each type of custard were used.
To prevent evaporation, the custards were covered between

readings.

Stending Index.

After renoving the crust, the custard was removed
from the cup and inverted on a flat square glass plete. The
plate was placed on a paper on which concentric circles had
been drawn.i The height of the custard in inches was measured
with a depth gauge. The spread of the custard was taken in
quadrant readings. These measurements were recorded at the
beginning of the test period and every hour for three hours.

# As used by Grawemeyer and Pfund (29).
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The standing index was calculated as the ratio of the height
of the custard to the avera:e diameter. The standing Index
figures reported are tne average of two sariples for each
varisble. The saples were covered between readingzs to pre-

vent evaporation.

Penetrometer,

A penetrometer: was used to measure the compressi-
bility of the custard. The custard in the cup was compressed
for two seconds by a flat disc carrying a total weight of
seventy-five grams. DMeasurements were made in millimeters.
The compressibility of the crust and the cornpressibility of
the top of the custerd with the crust reroved were recorded
for each type of custard. Duplicate readings were made for

each measurement.

Curd Tension lieter.

The curd tension meter was used to measure the firm-
ness of the custard. This instrument has been described by
Carr and Trout (7). The cutter was brought into contact
with the custard. The amount of dis.lacemnent of the float
was a measure of the curd strength of the custard. Measure-
ments were recorded in grams. Two types of readines were
made on the custards, one on the top of the custard with the
crust removed and the other on the inverted custerd. Duplicate

readings for each measurement were used,

# New York Testing Laboratory Penetrometer
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Statistical Methods

Since all treatments could not te bgked &t the sare
time, the balanced incomplete block given by Cochran and Cox
(14.) was erployed. The design allows for adjustment of the
data In the analysis of veariance, since all the treatments
were not prepared on the same cay. The corrected mean values

are indicated as averace mean scores.

The least significant difference was calculeated,
using the corrected pasteurized milk scores as a standard.
Calculation of the least significant difference determines a
rance around the stancard. Any score falling outside this

range 1s considered to be significantly different.

Correlation coefficients were calculated according to
the methods of Snedecor (61). Calculations were made on the
following pelrs of items for each series: crust score versus
penetrometer reading (crust on), firmness score versus pene-
trometer reading (crust off), firmness score versus curd
tension reading (crust off), penetrometer reading (crust

off) versus curd tension reading (crust off).



DISCUSSICN CF 255 LTS

The queality of baked custszrds was evaluabted by a
judcire penel end by objective tests. For simplificution
purposes, nzonfat D''S and whole DiS will be used to desigcnate
custaras prepared from nonfat dried milk solids and whole
dried milk solids, resnectively. The results of each sub-
jective and objective test wlll be discussed as follows:
the results of Series I will be given, followed by the re-
sults of Series II, and finally, a corpsrison betwezn the two
series. In Series I, vasteurized rilk, whole dried milk
solids, and evanorated rmilk custerds were baked to an inter-
nal temperature of 86° C. Homorenized mili, skimmed milk, and
nonfat dried milk solids custards were baxed to 88° C. in-
ternal tewperature. In Series II, all the custards were

baked to an internal terperature of 86° C.
Palatability Scores

Accompanying the discussion of each factor Judeced 1is
a table containing the avera:e adjusted scores and arnalysis
of vurisnce for that characteristic. The averare judging
scores for each replication are shown on page 103 of the

apcendix.

The least significant difference added to and/or sub-
tracted from the scores of pasteurized milk custard (control),

i1s designated es pasteurized * L3D. When the scores were

33
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lower than that of the standard (pastevrized milk), only the
negative half of the LSD was calculated. When the scores
were hisher and lower than that of the contrnl, both posi-
tive and neretive halves of the LSD were computed. any
score fallins outside of this rance was considered signifi-

cantly different from the control.

Appesrance.

The adjusted averare scores and enalysis of varlance
for Series I are shown in Table 1. The chief source of
varlation among the scores as shown by the analysis of vari-
ance was the kinds of milk used. Variation due to replica-

tions was not statistically significant.

Custards macde from pasteurized milk had the highest
scores for aspearance. Custards muce from all other types
of milk were highly slignificantly different from the control.
It was noted that except for the control, the crusts of the
custards showed varying amounts of cracking and wrinkling
and were shiny in appearance. Homorenized milk and whole
DIiS custards were most like the control in anpesrance.

They were slightly shiny and showed sorie evidence of
wrinkling, the whole DMS slightly more than homorenized
milk. Custards made with nonfat DI'S and skimmed milk had
equal scores and were gquite cracked &end wrinkled 1n appear-

ance. The crusts were guite shiny. &svaporated milk custard



Type of Milk Adjusted Avera~e Score
Pasteurized be7
Eomnorenized 6.1
Skirm:ed L6
Nonfat DM3 4.5
Zvaporated L.2
Wwhole DS 5.8
Pasteurized - LSDQI 6.3
Pasteurized = LSDOS 6.l

AVALYSIS OF VARIANCE

Source Dersrees of Mean Sgusre F
Freedom
Total 29 - -
Ad justed treatment 5 5.0272 95,39 ¢
Error for adjusted
treatment 15 0.0527 -

Adjusted blocks 9 0.0742 1.52
Intra block error 15 0.0L883 --

=t Sienificant at 1 per cent level.

1. Adjusted according to retnod civen by Cochran and Cox (14).
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received the lowest & . pecrance score, probably due to the

extremely glossy crust, orange color, and wrinkled appearance.

Evidently, the presence of butterfat aids the appear-
ance of the custerd. When the fat collected at the top of
the custard, as with pasteurized milk, the crust was smooth
and even., Homorenizetion of the fat, as in homogenized
milk and whole DIS, groduced custards with slight degrees of
wrinklinec. An exception was evaporated milk custard. Cne of
the factors in the low score might have been the oreanrge
color. VWhen no fat was present, &s in skimmed milk and non-

fat D¥S, the custard surface was gquite cracked.

The adjusted averace scores and analysis of variance
(Table 2) indicate thet the main source of variance among
custards in Series II was the type of milk. Pasteurized
riilk had the highest score for a-pezrance and the other
treatments were highly significantly lower than the control.
Whole DIiS had the next highest score and then homocenized
nilk. The score for skimmed milk was slightly higher than non-

fat DlMS. Wveporated milk had the poorest ajpearance.

The appearance scores for the treatments in Series
IT followed the samne order of rank &s in Series I. wvidently,
the lower internal temperature of skirmed milk and nonfat
DMS in Series II improved the a:pearance as compared with

the hicher internal temveratures to which they were baked



ADJUSTED AT IA%L SCCRYS

Tekle 2

ALD ALALYSIS CF VARIIALCE
FOR AP LA 1al3d = 352185 II1

Type of Milk

Ad justed Averase Score

Pasteurized
Homorenized
Skimned

Nonfat DXS
mvasorated

Wnole DI'S
Pasteurized - LSDOl

Pastevurized - LSDOS

6.8
5.5
501
}-4.08
3.9
5.8
60“-
6.5

ATALYSIS 0" VALIANCE

Source Degrees of Mean Square B
Freedon

Total 29 - -
Ad justed treatment 5 L.7R8L 33498
Brror for adjusted

treatment 15 0.1409 -
Ad justed blocks 9 0.1900 .31 s
Intra block error 15 0.0441 -

#% Slgnificant at 1 per cent level.
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in Series I. 8licshtly less cracking was noted in the crusts
when the custards were baked to a lower internal terperature.
A lower internal temperaiure did not improve the &ppe:zrance

of homogenized milk custeards.

Crust.

The crusts were scored only for tenderness or tough-
ness. Verlatinon in crust scores in Series I can be attri-

buted to the different milks used as shown in Table 3.

“

Pasteurized milk gave the most tender crust. The
crust scores for all other types of milk were highly sig-
nificently lower than that of the control. #Hvacorated milk
had the hizhest crust score of all the other milirs. The
crust score of whole DMS was slightly lower than that of
evasoreted nmilk. Homocenized milk and skim ed milk had
equal crust scores. The judges considered the crust of the

custard msde with nonfat DIS to be the most tough.

The tenderness of the crust made with peasteurized
milk can be attributed to the butterfat which collected
at the top of the custard mix. This has been sugcested by
Carr and Trout (7) and MacDourall (4&) who found that when
butter was added to homogenized or nonfat DIIS custard mixes,
softer crusts were formed. Possibly the slightly higher
crust scores for the homorenlized milk over the nonfat milks
might be due to the presence of fat whici helped to tenderize

tnhe crust.
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Table 3

ST

adJT5738D AV ass SCORSS ArD allalVSIsS (7 VaiTal Iz

FCR CRUSTL - S=ZiIos I

Type of MNilk

Ad justed Averaze Score

Fasteurized 6.8
Homocenized L.5
Skimn-ed L5
Nonfat DMS 3.6
Bvaporated L.9
Whole DIiS L.8
Pasteurized - LDy 6.0
Pasteurized - L3Dgg 6.2
ANALY3SIS OF VARIANCH

Source De:rees of Mean 3guare I

Freedonm
Total 29 -- --
Adjusted treztment 5 5.3519 256429 et
Error for adjusted
treatment 15 0.2036 -

Ad justed blocks 9 0.3017 1.61
Intra block error 15 0.1870 -

#¥3% Significant at 1 per cent level.



L0

The adjusted averar-e crust scores and analysis of
variance for Series II are shown in Table L. As indicated
by the analysis of vearlance, the chief source of variation
was the type of milk used. Custards made with pasteurized
milk had the most tender crust, as indicated by the judges!
scores. All other crust scores were hichly significantly
lower than thet of the control., Custards mzde with noniat
DMS and evagorated milk received slichtly hicher crust
scores than the other types of milk. Custard made with horo-
genlzed milx had the next hichest score while that of whole
DIMS was slizhtly lower. Skimned milk had the lowest crust

SCOore.

Apparently, the lower internal terpersture (86° C.)
and shorter baking time of the custards made with homo-enized
nilk and nonfat DMS in Series II, as compared to the results
of Series I, had a tenderizing effect upon the crust. The
judges did not consider the skimmed milk crust iIn Series II
to be more tender than that of Series I, although results of
the penetrometer reading indicated that the crust made with

skimmed milk was more tender in Series II than in Series I.

Color Inside,

As indiceted in Table 5, the chief source of variation
in color was the type of milk in & -° 3 I. Variation due to

replication was significant at the '~ er cent level, This
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Table 7

ADJU3TID AVERATS SCORES ALD ATALYSIS CF VARIANCE
4

T0R FLaVOR = SERI=ES I

Type of Milk Ad justed Average Score
Pasteurized 692
Homogenized 6.0
Skim:ied 6.1
Nonfat DS 5.3
Eveporated Le.2
Whole DVS 4.0
Pasteurized - LSD;q 5.2
Pasteurized - LSD05 5.5

ANALYSIS OF VARIANCE

Source Degrees of Mean Square F
Freedom

Total 29 - -
Adjusted treatment 5 3.2318 10.75 ¢t
Error for adjusted

treatment 15 0.3007 --
Adjusted blocks 9 0.256l {1
Intra block error 15 0.3173 --

%% Significant at 1 per cent level.
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The results of the analysis of variance for flavor
scores in Series II are shown in Tatle &. The chief source

of variction among custards seened to be the tyre of milk used.

Homogenized milk hed the hichest flivor score. Pas-
teurized milk and nonfat Di.s had equal scores, which were
slightly lower than thet of homocenized milk. Skimmed milk
had a slirhtly less cesirable flavor. Flavor scores for
evaporated milk and whole DiI5 were highly siecnificantly dif-
ferent from the control, eveporated milk receiving the lowest

ScCore.

The hicher flavor scores for homogenized milk and
nonfat DMS in Series II as cormpared to the scores in Series
I might be attributed to the lower internal te :perature and
to the shorter teking time to which they were subjected.
However, thils was not trve with skimmed milk &nd no explana-

tion can be given for the lower [lavor scores in Series II.

Possibly the lower score for whole DS iIn Series II
micht be due to the greater length of storace which could
have produced deteriorstion in flavor. Due to its high fat
content, whole DS has relatively poor keeping cuality as
corpared to nonfat DIiS. OCxidation of the fat during storage
results in the develorment of a tsllowy flavor. The fat
oxidation can be controlled only by eliminating atmospheric
oxygsen from the system. This cen be accomplished by ras pack-

ing of the powder and by use of hich oreheatinc temperatures
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Table 6
ADJUSTZD AVLITAGE SCCATMS AV D ALALYSBIS C3 VARIANCE
FOR COLCR INSIOZ - 3LRI&S II

Type of Milk Adjusted Averare 3core
Pasteurized 6.t
Homogenized 6.l
Skimred 6.3
Nonfat DS 6.4
Lvecorated 3.8
Whole DS 6.5
Pasteurized - LSDg, 6.1
Pasteurized - LSD05 6.2
ANALYSIS OF VARIAMCH

Source Degrees of Mean Square F

Freedonm

Total 29 - -
Ad justed treetment 5 S.5177 253.10 e3¢
srror for adjusted

treatment 15 0.02183 -
Ad justed blocks 9 0.0719 3.89 s
Intra block error 15 0.0185 -

#=t Significant at 1 per cent level.



L9
thaf produce sulfhydryl croups that act as antioxidants
(16, 49, 50). Possibly the lower score for whole DS could
be due to the greater lensth of storare and exposure to sir
whicn could have produced deterioration in flavor, since
Series II was judged after Series I. Each judsirg period

extended over five weeks. At the end of the experimental

period, the whole Di.3 had been in stora e for ten weeks.

Firmress,

The average uadjusted scores end analysis of varilance
(Table 9) indicate that the main source of variation in firm-

ness was the tyoe of milk in Series I.

Pasteurized milk custard had the most eccertable
firmness score. Yomorenized milk and skirred milk custards
had firrness scores which were within the limit of the 5
per cent LSD. The averace score for firmnness of the whole
DS custard was significantly lower than the control. The
firmnmess scores of the other custards were hichly signifi-

cantly different from the control.

The firmness scores indicated only the dezree of ac-
ceptatllity. The judces noted the derree of fir<ness in an
accompenyinr- table on the score sheet. The custards made
with nonfat DIS were the rost firm, followed by skimmed milk

and horiorenized milk custards. Pasteurized milk custard was
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Table 9

ADJUSTYD AVESRAGE SCORZS AdD ANALYSIS O VARIANCE
7R FIINESS - SanIss I

Tynpe of Milk Ad justed Average Score
Pasteurized 6.5
Homocenlzed 5.1

Skimmaed 6.2

Nonfat DIi3 5.2
Evaporated 5.2

Whole DIi<S 5.6

y . _ ' c
Pasteurized LSDOl S5
Pasteurized = LSD05 5.8

ANALYSIS CF VARIANCE

Source Decress of Mean Square F
Freedom
Totel 29 —— -
Ad justed treatment S +1.5537 S.81 %
srror for adjusted
treatment 15 0.267L -
Ad justed blocks 9 0.1L02 <1
Intra block error 15 0.4556 -

#% Simniflicant at 1 per cent level,
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intermediate in firmness. Custards made with evaporated milk
and whole DMS were soft in the center and firm on the botton.

Syneresis was evident in the evaporated milk custards.

The ansalysis of variance and adjusted average scores
for firmness of custards in Series II eare shown in Table 10.
As Indicated by the analysis of variance, varistion in
firrmess of the custards was attributed to tne kinds of milk.

Variation due to replication was not significant.

The custards made with pasteurized milk had the highest
firrness scores. The firmness score of the whole DMS lay
just at the 1 per cent L3D 1limit. All other firmness scores

were highly significantly different from the standard.

When the custards were all baked to the same inter-
nal tewperature (86° C.) in Series II, all the milks gave
less firm custards than pasteurized milk and had varying de-
grees of softness in the center. The difference in firm-
ness when the custards were baked to the same internal
temperature might be due to the casein-salt balance which
was altered during processing of the milk. svajorated milk
as a result of processing has a lowered heat stability (36),
and this is borne out by the fact that the evaporated milk
custards showed evidence of syneresis at 86° C., indicating
that the bottom of the custard had coagulated at a faster

rate. Custards made with homogzenized millz, skimmed milk,
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SCCR3S AWD AlALYSIS OF VARIANCE
CNISS = 3AHIES II

il

Type of Milk Adjusted Avera: e Score
Pasteurized 6.L
Horogenized L.8
Skimmed L.7
Nonfat DLS3 5.0
Lvaporated L.8
Wole DS 5e3
Pasteurlzed - LSDgy 5.3
Pasteurized = LSDOS 5.6

ANALYSIS COF VARIANCE

Source Decrees of llean Square F
Freedon

Total 29 -- --
Al justed trestment 5 2.,1943 6.75
Error for adjusted

treatrent 15 0.3252 -
Ad justed blocks 9 0.32%4 1.01
Intra block error 15 0.32L3 -

% Slgnificant at 1 per cent level.
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and nonfat DMS were firmer in Series I than in Series II,
possibly due to the higher internal temperature and longer

baking time used in Series I.

The results with homorenized milk in both seriles are
at variance with the literature and no satisfactory explana-
tion can be given by the investigzator. Homogenized nilk as
shown by Doan and Minster (21) has a lessened protein sta-
bility. Therefore, it would seem that homogenized milk
custards would coagulete more readily than unhomopenized milk
custards and be more firm when baked to the same internal
termperature. Homogenized milk custards baked to the same
internal temperature as pasteurized milk custards were less
firm, which was oppnosite to the results obtained by Carr and
Trout (7). Also, a more desirable firmness was obtained at
a higher internal temperature which was in accord with Carr
and Trout (7) who reported homosenized milk custards could
withstand hicher baking temperatures, but not with Hollender
and Weckel (34), who found that homogenized milk custards
had more critical cooking temperatures than unhomogcnized

milk custards.

Smoothness.,

In Series I, the type of milk accounted for the
greatest amount of variation in smnothness between custards

as shown by the adjusted average scores and analysis of
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variance in Table 1ll. Variation due to type of milk was
significant at tnhe 5 per cent level. There was no signifi-

cant variation due to reolication,

The highest scores for smoothness occurred with cus-
tards made with pasteurized milk. The custards made with
homozenized and skirmed milks scored second best. Nonfat
and whole DMS custards received equal smoothness scores that
were just et the limit of the 5 per cent L3D. The smoothness
of the evaporated milk custards was highly significantly

different from that of the control.

The results of the analysis of variance and adjusted
averace scores (Table 12) for Series II indicate that thev
nain source of varistion was the type of milk used. Variation

due to replication was not significant,

As indicated by the scores, custards macde with pas-
teurized milk were the smoothest. Custards made with hono-
genized milk had a score just at the 5 per cent LSD liﬁit.
Skimmed mlilk and nonfat DS custards had equal scores that
were significantly different from the control. The analysis
indicated that the adjusted averace scores for the other

milks were highly significantly different from the control,

The results of Series I would seem to indicate that
increased heat treatment during processingz such as with

dried milk solids and evaporated milk produced slightly less
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Taple 11

ADJUSTSD AVuRAGE SCCRLS AlD aralYSIS OF VARIANCE
FOR SMCOIHN 535 SCURES - 5urI=s I

Type of Milk Ad justed Avera-e Score
Pasteurized 6.1
domogerized 6.1
Skimred 6.1
Nonfat DIS 6.0
Gvaporated 5.6
Wnole DS 6.0
Pasteurized - L3D; c.0
Pasteurized - LSDpg 6.0
AVALYSIS OF VARIALCE

Source Degzrecs of riean 3quere F

Frecdon

Total 29 - -
Adjusted treatment S 0.3339 2.96
Error for adjusted

treatment 15 0.1129 -
Adjusted blocks 9 C.1887 1.69
Intra block error 15 0.1118

# Significant at 5 per cent level.
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Table 12

N

ADJUSNH0 AVS waes 550153 AT D AnLacYSIS O VARTAW O
POR S0 IANLIS bouALS - SLRISS IIT

Tyoe of Iilk Ad justed Avera-e 3core
Pasteurized 6.5
Homorerized 6.2
Sicirimed 6.1
Honfat DIS 6.1
Ivaiorsted 5.0
Whole DrS .8
Pasterrized - LSDy; 5.1
Pesteurized - LSDOS 6.2

ANALYSIS OI" VARTIANCE

Source Degrees of Mean Square I
Freedonm

Total 29 - -
Adjusted treatment 5 1.2518 22.51 %
Error for adjusted

treatrment 15 0.0556 -
Ad justed blocks 9 0.0670 1.26
Intra block error 15 0.0531 e

¢ Simificant at 1 per cent level.
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smooth custards. Evaporated nilk custards were described as
being grenulsr in feel. There was also a slirht trend towards
greater srioothness when custards made with homorenized milk

and nonfat DMS were baked to lower internal temperatures.
Sweetness,

The adjusted avera e sweetness scores and analysis
of variance for Series I are shown in Table 13. As indicated,
the main source of variation was the type of milk. Dif-
ference due to replication was hiznly significent. This
could have been Gue to inconsiitent scoring by the judges,

since degree of sweetness 1s difficult to judse.

Custards made with homogzenized milk, skimmed milk,
and nonfat DMS showed the riost acceptable sweetness scores.
Pasteurized milk hed a slichtly lower sweetness score, fol-
lowed by whole DMS. The sweetness scores for evaporated

milk were highly signiflicantly lower than those of the contreol,

As Indicated by the snalysis of varisnce and adjusted
average scores (Table 1ll) for Series II, the chief source of
variation was the type of milk used. There was a highly sig-
nificant variation dve to replication, probably for the same

reason &as in Series I.

Pasteurized milk custsrdis had the most acceptable

sweetness score. Custards made with homocenlzed milk, skirmed
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LTALTSIS OF VARIALC
SirIss

A
20

-
&

Tyoe of Milk

Ad justed Average Score

Fasteurized 6.1
Homopenized 6.6
Skirmed 6.6
Nonfet DI'S 6.6
avaporated 5.6
whole DTS 6.3
Pasteurized I LDy 6.0 - 6.8
Pasteurized * LSDgg 6.1 - 6.7
ANALYSIS CF VAXIANCE

Source Derrees of lLean Sauare w

Freedom

Total 29 - -
Adjusted treatment 5 0.6L52 10.S0 st
Error for adjusted

treatrient 15 0.05¢2 —_
Adjusted blocks 9 0.2734 SOl st
Intra block error 15 0.0493 -

aeae

LAY

Significant at 1 per cent level.,
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aDJUSTED AVEIATE 32015 40D A ALYSTIS CF VARIAKCE
L 5TE55 - SERIES IT

Tyoe of Milk Adjusted Average Score
Pasteurized 6.5
Homogenized 6.
kirmed 6.1
Nonfat DiS 6.4
Evaporated 5.9
Wnhole DiS 6.1
Pasteurized - LSDOl 6.2
Pasteurizecd - LSD05 6.3

ANALYSIS OF VARIANC

Source Decrees of lean Square I
Freedom

Total 29 - —_—
Adjusted treatment 5 0.2910 1.l %
Error for adjusted

treatment 15 0.023L -
Adjusted blocks 9 0.1319 5,83 s
Intra block error 15 0.0193 --

%% Significant at 1 per cent level.
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milk, and nonfat DMS had equal sweetness scores. The whole
DS had a sweetness score significantly lower than the con-
trol, The results indicated that the custards made with
evaporated milk were hichly signiflcantly different in

sweetness from pasteurized millk custarcs.

The judges indicated in both series that the eveporated
milk custards were too sweet. Carr and Trout (7) sug-ested
that the degree of sweetness mizght te influenced by the
amount of syneresis shown by the custards, due to the con-
centration of su-ars in the licuid phase. In their work un-
horio-enized milk custards had a sweeter taste and showed more
syneresis than homorenized milk custarcds. The results of
Series I substantiated this theory since evanorated milk and
whole DIHS custerds were considered sweeter by the judces
than the other cucztards and showed the greatest amount of
syneresis. This was not true with Series II, however. Homo-
genized milk, skimned milk, and nonfat DM3 custards which
showed the greatest amount of syneresis were not considered

to be sweeter than those custards which had less syneresis.,

General Acceptability.

In Table 15 are shown the averace adjusted scores
and analysis of variance for generel acceptability in Series
I. The analysis of variance indicated that the main source
of variation was the type of milk used. There was no signifi-

cant difference that could be attributed to revlication.
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Table 15
o SCCR3IS AYD AYALYSIS OF VARIANCE
AL ACCoPTALILITY - SERIAS T

Type of Milk

Adjusted Averar~e Score

Fasteurized 6.3
Homorenized 5.9
Skimmed 5.6
Nonfat DS Sel
Svaporated Lol
Whole DIS L.9
Pasteurized - LSDyq 5.7
Pasteurized - LSD05 5.9
AlTALYSIS OF VAXIALCH
Source Degrees of Iean Square I
Freedom
Total 29 - --
Adjusted treatnent 5 3.0168 3l e
Error for adjusted
treatment 15 0.0876 --
Adjusted blocks 9 0.11.29 1.89
Intra block error 15 0.0739 -

#% Significant at 1

per cent level.



62
Custerds made with pasteurized milk received the

highest score for general acceptability. The score for the
custzrd made with homogenized milk was just at the 5 per cent
level of significance. All other custards had lower scores
and were highly significantly different from the control in
acceptatility. The low &cceptability of evsporated milk cus-
terd could probably be attributed to its poor color and flavor.
The whole DS was consistently marked ﬁhacceptable by one

judge, probably due to her dislike of the flavor.

In Series II, variation in general ecceptability
scores can be attributed to the type of milk as shown in
Table 16, where adjusted average scores and analysis of
variance are given. There was no significant variation due

to replication.

Pasteurized milk custerds had the hichest generel ac-
ceptability scores. All other custards were highly signifi-
cantly different from the control. With the exception of
nonfat DIS which had a slightly higher score in Series II
than in Series I, homo-enized milk ard skimmed milk custards
were less scceptable when baked to lower internal temperatures
(Series I1). The lower acceptabllity scores possibly were
due to decreased firmness of the custards when baked to the
lower internal tenperatures. In both series, whole DMS and

evaporated milk custards were the least acceptable.
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ADJUSTZD AVIRATZH SCCURI3 A'D AWALYSIS CF VaARIALJE
FOR GENERAL ACCEPTAZILITY - SERIES II

Type of Milk

Adjusted Avera~e Score

Pasteurized 6.2
Homocenized Sl
Skimmed 5.2
Nonfat Dii3 5.3
avaporated 3.7
Whole D3 .7
Pasteurized - LSDgp 5.5
Pasteurized - LSD05 SeT
AUALYSIS CI" VARIANCE

Source Dec~rees of Mean Square P

freedom
Total 29 - -
Ad justed trcatment 5 3.1961 23.91 %%
Brror for adjusted
treatment 15 0.1462 --

Adjusted blocks 9 0.0¢56 {1
Intra block error 15 0.1774L -

#% Significent at 1 per cent level.
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Cojective Tests

Time = Terversture Curves.

The tire - terperature curves for each series sare
shown in three fignres. The first fi-ure represents the
averarse time - tenperature curves for all the custards in the
series. Since the rate of heat penetration was simllar for
the various custerds, the time - teipersture curves were then
vlotted on two rrachs, three variations to a figure, in order
to distinguis*x riore clearly the rates of heat penetration.

In Table 17 is indicated the time to reach the recuired in-

ternal temcerature for each series.

The time - temperature curves for Series I are shown
in Fisures I, II, and III. Cf the three tyoes of custeards
taked to an internsal temperature of £6° C., pastevrized milk
baked in t:e shortest time (Tavle 17). ivaporated milk
custerds required an avera-e of two minutes longer than whole
DI’S to reach the sarre internal te'perature. The custards
taked to a higher internal terperature (38° C.) required a
longer talzinc pcriod. Homosenized milk and skimmed milk
custards required on the averazte the sa~e length of time in

the oven while nonfat DIS custard bsked two minutes longer

to reach its optimum internal tesperature.

The rate of te~perature rise iIn &ll the types of milk
was similar until an internal temoeruture of stout 70° C. was

reached. At this point, the curve for pasteurized .1ilk
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Table 17

LelicTid €2 TIIZ TO RualH R UIRLD INTIRIAL

MeTt TRy AT A oo T amr T
To.TORATURES OF oD CUSTARDS

Milk rinutes Internal Terperature
(Derrees Centicrade)

Series I
Pasteurized 57 86
Hororenized 87 g8
Skirmed 87 88
Nonfat DS 69 €3
Evaporated 72 86
whole DIi3 70 86

Series II

Pasteurized S8 86
Horiogenized 76 €6
Skirmred 83 £6
NonTfat DMS 75 86
Evaporated 75 €6

Whole DNM3 76 86
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custards contined to rise rapidly and did not tend to reach
a plateau. The custards made with the other types of nilk
had curves that tended to flatten out at 78° - €0° C.

After this point, temperature rise was more gradual. TFrom
about 70° C. to 80° - 82° C. internal temperature, nonfat
DilS custards had the most ranid teperature rise of the
other milks. Rate of heat absorption into the custards at
this range was progressively slower in the followingz order:
whole DMS, skimmed milk, homorcenized milk, and evaporated
milk. From 80° - 82° C. to 86° C. internal temperature, the
time - temperature curve rose faster with custards made
with evaporated milk and whole DMS thun with taose made with
skimmed milk, homogenized milk, or nonfat DIS. Heat absorp-
tion into the latter three milks at the hisher internal

termperatures was similar.

The time - terperature curves for Series II in which
2ll variations were baked to 86° C. internal tempersature are
shown in Figures IV, V, and VI. As in Series I, the pas-
teurized milk custard required the shortest baking time.
The custards made with homogenized milk, evaporated milk, and
whole aend nonfat DMS required on the averace a baking time
of seventy-five to seventy-six minutes. The results obteined
with homorenized end pasteurized milk custards are in agree-
ment with those of Carr and Trout (7). Skimmed milk custards

took the longest time to beke,
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In ceneral, the rate of heat absorption in Series II
was similer to that obtained in Series I with the following
exceptions. In Series II, length of baking time for evaporsated
mnilk end whole DMS custards was greater on the averace by
three to six minutes than in Series I. Also in Series II,
skimmed milk custards required an eighty-three mlnute averace
baking period to reach 86° C. internal temperature, while in
Series I, a period »f Seventy minutes was needed to reach
that tewperature. Possibly these discrepancles could have
been caused by slight variations in the oven terpperature, as
shown by the water bath temperatures. As shown in Table 18,
the determining factor in the baking time of one treatment
seeried to be the rate of rise in the water bath te~perature
in the hicher terperature ranges. Although the initial rise
in the water bath te.perature was similar, the temperature
rose at different rates in the $6° = 91° C. range. With a
faster rise in water bath te pperature in this range, the
custard te:perature rose at a faster rate (Series I).
In Series II, the water bath temperature rise of these rep-
lications was slower in this range and the temperature of the

custards accordingly rose more gradually.

The literature gives 1little or no exrlanation for the
different reates of tewperature rise. Leighton and Mucge
(L) found that when whole milk was heated, the rate of

temperature rise was constant but slow. When no fat was
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SOMZ TINME-TZHPORATURE RELDILGS 201 SUIITED LILK CUSTAOS
¥ AT S

And Walol BaTHS

el

F

Decrees Centierade
Series 1 Series 11
Water Nater Water

t.inutes Custard Zath Custard Bath Custard Bath

0 14 35 15 35 19 35
10 3l L2 35 L2 39 Ly
15 L2 50 L2 L8 L5 50
20 50 57 50 55 52 57
25 52 62 56 61 59 63
30 6l 68 62 67 65 69
35 69 73 67 72 69 73
Lo yn 78 70 76 72 77
L5 76 €1 7h 79 76 81
50 8.5 &4 77 £3 79.5 83
55 86 86 78 8L 79 g6
60 F 88 79 86 80 87
65 8l 90 81 88 81 g9
70 85.5 91 82 88 83 89
75 g6.5 91 8L g9 8L 90
80 87.5 91 85 89 85 91

85 83 21 86 G0 86 91
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present, as in skimned milk, the time - temperature curve
rose more raridly and tended to reach a plateau in a shorter
time. ebb and Bell (7L4) noted that skimmed milk did not
have the same type of heat stability curve as whole milk.
Perna.s the difference in rate of teiperature rise in the
different custards micht have been caused by the alteration
in protein and salt telance. During the processing of the
milk, the balance was altered and the heat stability of the
protein was chanred. The greater the degree of altersation,
the greater the effect on the cosgvrlstion terperature and on

the rate of temncereture rise.

EH Readincs.

The results of the pY readings for Series I and II
are shown in Table 19. 1In Series I, the custard mixes were
slightly acidic, with the exception of those made with
whole and nonfat DMS. As a result of the beking process,
all the custards increased in alkelinity. The decresase in
acldity of custards during baking was noted also by Morse
and co-workers (53) and MacDourall (L8). The custards in
Series II showed the same renerdl trends as in Series I.

An exception to this was evaporated milk custard, which had
the sane pH before and after baking. Probably the greater
alkclinity of the evaporated milk custard after baking in
Series I was due to two readings of considerably greater

alkalinity for that varilation.
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Table 1€
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Type of milk Tntaked Baked

Series I
Pasteurized 6,827 6.96
Horno-enized 6.90 6.99
Skim-ed 6.86 6.99
Nonfat L3 T7.12 7420
svaporated 6.75 6.88
Whole DIS . 7.00 T.11

Series I1I

Fasteurized 6.90 6.92
Homo~enized 6.l 7.00
Skirmed 6.92 7.02
Nonfat DI.S 7.13 T.25
Evaporated 6.75 6.75

Wnole DMS T.03 7.09
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Ssneresis.

In Fifures VII &nrnd VIII are shown the synecresis of
the diflerent custards over a three hour period, for Series
I and II, respectively. In Series I, custards made with
evaporated milk and whole D..5 showcd the grectest amount of
syneresis. The centers of the custards were quite soft and
sore of the custard fell through tne wire screen for these
two variations. Skimmed milk custards were intermediate in
synerecsis, while homorenized milk and pasteurized milk cus-
tards showed similar amounts of syneresis. Nonfat DMS cus-

tards had the least amount of syneresis.

The data indicated that in reneral the greatest
amount of syneresis occurred during the first hour of testing.
The increase in syneresis of pasteurized milk custards was
fairly constant over the three hour period. With the other
types of custards, the syneresis was greatest cduring the

first hour and then l~veled off to a constant rate.

In Series II (Figure VIII), the greatest anount of
syneresis was shown by nonfat D4S custards, followed by homo-
genized milk, skimmed milk, evaporated milk, and whole DI3
custards. Pasteurized milk custards showed the least syneresis.
As in Series I, thc custards in Series II, with the exception
of pasteurized milk custards, tended to show the greatest

amount of syneresis during the first hour of testing and then
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Figure VII. Average syneresis readings (grams) on
baked custards - Series I.
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the syneresis leveled off to a constant rate. Pasteurlzed
milk custards showed a fairly constant increase in syneresils
throughout the test period. The results obtained with homo-
genized and pasteurized milk custards are op:osite to those

obtained by Carr and Trout (7).

The results indicated thet the custards made from the
different tyves of milk varied in their ability to hold the
liquid within their meshes. In Series I, the custards baked
to a hicher internal tenperature (€8° C.) showed less
syneresis in general than those balked to a lower internal
temperature (86° C.). The same custards - homo~enized
milk,\skimmed milk, and nonfat DMS, when baked to an internal
temperature of 86° C. in Series II, showed a greater amount
of syneresls as conrared to the custards which had obtained
optimum consistency at 86° C. internal teriperature. hrvi-
dently, homo~enized milk, skimmed milk, anc nonfat DS
custards had not coagulazted firmly enough at £6° C. internsal

teriperature to hold the liguid.

Stending Index.

The results of the standing index test for Series I
and II are shown in tigure IX, A high standing index indi-
cates a firm gel, a snaller ratio a weaker gel. The data
indicated that there was a considerable difference in the

ability of the various gels to hold up at the beginning of
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the test period. In S~ries I, the rel strerngthsof nonfat DIS
milk and horogenized milk custards were the greatest at the
becinning of the test period. Custards made with skimmed
milk, whole DIS, and pasteurized milx had initial cel strengths
that varied only slifhtly. Custards of evgporuted rilk had

the weakest cels.

In general, the standing incdex s-owsd the greatest
decrease during the first hour of testing end decrcased at a
fairly constant rate during the followins two hours. Cus-
tards made with skimmed milk and wnole DMNS did not show
further slumping after two hours. although the initial
standing index was similar for skirmed milk, vasteurized
nilk, and whole DL3 custards, the ratio decreased least for
skimmed milk of the three custards. Waole DS showsd the
createst decrease in the standing index of the three types of

custards.

In Series II, whole DMNS had the highest initiel
standing index while those of evaporated and pasteurlzed milk
were the same. The initisl gel strength of the other types
of custard were weaker in the followinc descending order:

nonfat DIIS, skimned milk, and homdgenized milk,

As in Series I, the standing index ratio sowed the
greatest decline during the first hour of testing. Althouch

the initisal ratios of pasteurized and whole DIS were identical,
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pasteurized milk custards slumped more during the first two
hours of testing. During the last hour the standing index
of the two custards was the same. DNonfat DNM3 custerds showed
a greater decrease during the first hour of testing than
skimmed milk, but during the following hours, the decrease
was the same. Carr and Trout (7) obtained opposite results
with homnrenized and pasteurized nmilk custerds, re:orting that
bekinz to an internal tepereture of 86° C. caused homogenized
milk cvstards to have a hi‘her standing incdex tan unhomogenized

milk custards.

The results of Series I incicated that the custards
balzed to €8° C. had firmer gels than when balked to 86° C.
These same custards when baked to C6° C. in Series II had
wealkier gels than the pastevrized rilk, evaporated milk, and
whole DF3 custards which reached optimum internsl tenperatures

at 86° C.

Penetrometer,

The results of the penetromcter readincs are shown
in Ficures X and XI for Series I and II, respectively. Ten-
derness of the crust and zel increases with an increase in

corpressibility readinegs.,

flogure X shows that crusts of the controsl custsrd were

the most tender in Series I, followed by evaporated milk.
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Whole DMS custards had the next most tender crust. The
crust of skimmed milk custard was less tender, followed by
nonfat DMS and homocenized milk. The results, substantlated
by the judges' scores, indicated that the presence of butter-
fat on top »f the custard, as with pasteurized nilk, increased

the tencerness of the crust.

The corpressibility of the top of the cucstard with
the crust remsoved indicated thet homorenized milk custard
had the firmest gel, followed by nonfat DIiS. Skimmed milk
custards were glicrhtly less compressible than whole DIMNS
custards. Custards nmade with pasteurized milk and evaporated

milk showed the greatest degree of combressibility,

The compressibility results for Series II indicated
that the nonfat DMS custards had the most tender crust, fol-
lowed by those of pasteurized milk and skimmed milk. Homo=-
genized milk and evaporated milk custards had almost equally
tender crusts. The crust of whonle Di‘S custard was the

toughest,

Tenderness of the gel with the crust resioved in
Series II showed that pasteurized milk custardshad the most
tender gel. Those of horwogenized milk, nonfat DIiS, and
evaporated milk custards were almost equal in firmness.
Skimied milk custard had a slightly less tender gel while the

gel of whole DMS was the least compressible,
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The results indicated that the crust and cel were
less tender in the custards made with homogenized milk,
skimnred milk, and nonfat DS when bawxed to an interal tenm-
perature of &8° C. than wnhen baked to £6° C. internal
temperature. When these three custurds were caked to 36° ¢,
internal teiperature, the crust tendernc:'s and gel coridres-
sibility increased. Evidently, a longer bakine pericd and
hirher internal teinerature increase the gel and crust tough-

nesse.

Curd Tension Meter.

The curd tension meter was used to indicate the
cutting strength of the inverted gel and of the cel of the
top of the cu :tard with the crust rermoved. The results of
both series are shown in Firure XII. As the gel becomes

tougher, the curd tension rexzcincs become greater.

The results of Series I indicated that the tops of
the custards were less firm than the bottom with the excep-
tion of pasteurized 1ilk custerd in which the reverse was
shown. The firmer gels at the bottom of the custard could
possibly be caused by the protein coasulating at the outer
edges and bottom first, followed by coazulation at the center

and under the crust.
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The custards in Series II showed the same tendency to
have a rore tough rel on the bottom than on the top, with
the exception of peasteurized milk. The gel at the top of
the custard was cuite tencder with custards of homogenized
milk, sklmmed milk, and nonfeat DIIS. Those of custards made
with evaporated milk and whole DI:S were more firm. Pas-

teurized milk had the most firm gel &t the top.

The gel strength of the inverted custard was least
with pasteurized milk custard, followed by nonfat Dii3 and
homorenlzed milk custards. The bottom of the custards made
with evaporated milk were slichtly more firm. The bottoms
of the custards made with whole DIIS and skimmed milk were

the least tender.

A comparison of the results of the two serles showed
that a hircher internel temperature resulted in more firm
gels at the top and bottoms of the custards. Increasing the
intérnal temperature does not seem to have &s great an
effect on the bottom of skimmed milk custard as on nonfat

DMS or homogenized milk custard.

To determine which agreed more closely with the
judres! scores, correlation coefficients were calculated on
curd tension end penetrometer readings. The results are
indicated in Teble 20. There was & positive significant

correlation between the Jjudges! scores for crust tenderness
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and the penetrometer readings on the crust for both series.
There was no significant correlstion between the judges'
scores for firmness and the penetrometer readings for the
top of the custard with the crust off. However, a highly
significant correlation was shown between the curd tension
readincs for the top of the custard with the crust removed
and the judzces! firmness scores. These results are in
accord with those of MacDouzall (L42) and the indications are
that the curd tension meter is a better mcasure of gel
strength than the penetrometer. No significant correlation
between the curd tensiosn meter and penetrometer readincs was

found.



SUMMARY ALKD CUNCLUSIONS

The gquality of baked custards pregared from various
milks was cormared., The time - temperature curves for the
custaris were studied. Iwo series were conducted on the cus-
tards. In Series I, each variation was baked t> its optimum
internal te-perature: &6° C. for pasteurized milk, whole
dried milk s»lids, and evaporated milk custards, and 88° C.
for homo~enized nilk, skimied milk, and nonfat dried milk
solids custards. All custards in Series II were buked to 86°

C. internal temnverature.

The quality of the custards was judged by objective
and subjective measurements. The custards were scored sub-
jectively for a pe:rance, crust, color inside, flavor, firm-
ness, smoothness, sweetness, and general acceptability. Ob-
jective tests included vH of the custard before and after
baking, time - temperature curves, syneresis, and rel strength
as indicated by the standing index, penetrometer, and curd

tension nieter.

The main source of variation amonc the palatability
scores was tne type of milk, not varilastion within replications.
The order of preference for the various baked custards in
Series I as indicated by the general acceptability scores
were: pasteurized milk, homogenized milk, skirmed milk,
nonfat dried milk solids, whole dried milk solids, and

evaporated milk custards. With the exception of nonfat
92



93
dried milk solids which had a slichtly hicher score in
Series II than in Series I, homorenized milk and skirmed
milk custards were less acceptable when vaked to a lower
internal terperature in Series II, primarily due to less

firm cels of the custards.

The results of objective tests were similar to the
results of the palatability scores. In -eneral, gel strength
of homorenized milk, skimmed milk, and nonfat dried milk
solids custards was greater wien thnse custards were balied
to a hicher internal te:perature. All the custerds showed
some syneresis and decliline in standing index, the amount
varying amonz treatrments. Highly significant correlctions
were found beiween crust scores and oenetr-meter readings
for crust tencderness and between firrmess scores and curd
tension meter firmness readings. However, there was no
correlation between firimness scores and penetrometer readings

for rel firmness.

The rate of heat penetretli n into the various custards
was similar until an internsl temwperature of gbout 70° C. was
reached. After this point, p&steurized milk custards con-
tinued to absorb heat rasidlvy and reached the desired inter-
nal te-merature in the shortest time. The time - temperature
curves for the other variations were similer and these cus-
tards reached 86° C. internal temnerature in a proximectely

the same tiirie.



Cn the basis of these results, it acpears that:

1, Of the various milks, pasteurized milk produced
the best quality bealted custard.

2. The optimum internal tenserature for taked
custard varied with the milk used.

3. The rate of heat penetratior into baked cus-
tard as shown by time - te perature curves was

affected by the kind of milk used.
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Table 21

» Ty S ™ ~ . - Al R A A A o, B "Ilﬁ‘ﬁ
AVERATE OnllY 500 1S FCR AN PIARANTCE

Tyve of IIilk

ronfat Wnole
Pasteur- Homor~en- 2.3 Lvapo- i
Day ized ized skimned Solids rated Sollds
Series I
1 6.7 6.3 L3
2 5.0 5.0 b.3
3 L3 .3 5.7
n 6.5 5.0 .5
5 6aC L.2 5.2
6 6.2 4.0 5.8
7 605 LI—‘B 508
8 6.2 L2 6.0
9 6.8 5.3 L.5
10 6.0 L2 L2
Series II
1 5.3 L7 5.7
2 5.5 Ls0 5.8
3 602 L"»O_L; 5.2
L 6.6 5.5 L.O
5 5.5 L .8 6.2
6 6.2 )-L.e .8
7 7.0 L.O 6.0
8 7e0 5.5 L.8
9 7.0 5.5 L.E
lo 5.2 502 uoo
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Table 22

AVERAGDS DAILY 5CO0:xw3 rUR CRUST

Type of Filk

Nonfat Whole
Pasteur- Horiocen- DXS wvapo- DM3
vay ized ized Skimmed Solids rated Solids
Series I
1 6.7 5.3 4.0
2 LL.? L|>03 500
3 5.0 L.O 5.7
L 6.5 L.O Le5
5 6.8 5.2 L.2
6 5.0 5.0 5.0
7 60{1 bfos L[o2
8 L2 2.8 L.8
9 6,.° L.d 3.2
10 .0 LS 4.8
Series II
1 5.3 5.0 .0
2 . 4.8 48 .8
3 7.0 L.2 «0
L L.8 L.O 5.5
5 5.0 © 5.5 4.8
6 7.0 5.5 L.8
7 7.0 .3 4B
8 7.0 L.8 Lh.2
9 740 4.8 4.5
10 5.0 5.2 5.0
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Table 23

AVAiAaGE DAILY SCORiES 202 CCLCR ILSIDE

Tyve of IM1lk

Monfat whole
Pasteur- Homoren- DI'S wvapo= DMS
Day ized ized Sitcimmed Solids rated Solids
Series I
1 6.7 7.0 6.7
2 5.7 57 L0
3 600 6'3 6.0
L 6.6 6.8 o2
5 6.5 he2 6.8
6 700 02 608
7 6.5 6.8 6.5
8 6.2 6.5 6.2
9 6.0 6.5 65
10 6.5 6.0 3.8
Series II
1 6.0 6.3 6.3
2 6.2 3.8 6.2
3 6.2 6.2 6.2
L 6.5 6.5 4.0
5 6.5 6.2 6.5
6 6.2 6.5 3.5
7 608 03 6.8
8 6.5 6.5 6.5
9 6.5 6.5 5.5
10 6.5 6.5 L0
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AVIRAGA DAILY 5C0R<S FOR FLAVOR

Type of 17ilk

Nonfat Whole
Pasteur- Homocen- D5 wLvano=- DS
Day ized ized Skirmmed Solids rated Solics
Series I
1 6.7 6.3 6.0
2 6.0 5.3 L7
3 6.3 6.0 L.3
L 5.8 6.0 L. 0
5 6.0 4.5 5.5
6 6.2 Lo 5.2
7 6.2 6.0 5.9
8 602 SOC 305
9 6.5 5.8 L.2
10 6.0 6.0 .G
Series II
1 5.7 6.0 L.O
2 5.3 : 3.0 5.0
3 6.5 5.5 .2
L‘. 6.2 502 305
5 6.0 5.2 L.O
6 5.5 6.2 3.5
7 6.0 L.O .8
8 6.2 6.5 5.8
9 S.R 6.0 5.8
10 5.8 6.2 3.5
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Table 25

AV=RAGE DAILY SCOY LS ZuR IS5

Type of Milk

Fonfat wrole
Pasteur- Hormocen- Drs rvepo- Di's
Day ized ized Sxirmmed Solids rated Solids
Series I
1 6.3 6.3 6.3
2 6.3 6.0 3.7
3 6.0 5.3 5.0
L 6.8 5.5 4.8
5 6.0 5.5 6.2
6 6.8 5.3 L.8
7 6.3 5.5 6.5
g 6.0 5.2 5.0
0 6.5 5.3 5.0
10 6.0 5.8 6.0
Series II
1 3.7 6.3 5.0
2 L‘-.S 502 5.8
3 6.2 L0 .8
i L8 4.3 L.2
5 L.5 L.a 5.0
6 6.2 .5 o2
7 6.8 5.2 5.8
8 5.5 5.0 5.8
9 6.5 5.2 Lia3
10 5.0 L. 5.2
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Table 256

Tyoe of lN1lk

Nonfat Wnole
rFasteur- Homowen- DI3 wvapo- LS
vay ized ized Srimmed Solids rated Solids
Series I
1 6.3 6.7 6.3
2 6.3 6.3 6.3
3 6.3 5.7 6.0
L 6.7 6.5 5.2
5 6.5 5.5 6.0
6 6.2 5.2 6.2
7 6.5 5.3 6.2
8 5.5 6.0 5.5
9 .8 6.2 5.5
10 5.0 5.0 .2
Series II
1 6.0 6.0 6.0
2 6.0 5.0 5.0
3 6.5 6.0 6.0
L 6.0 6.2 5.0
5 6.2 6.2 C.2
6 6.5 6.2 5.2
7 6.5 L7 6.2
6 6.5 6.5 5e0
9 6.5 6.2 6.0
10 6.5 6.2 5.2
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Table 28

; AT Ty TAT 0 S BT s s ° Ea YT
AVEL0E DAILY 32C 03 FOR G L hn ACCEPTAZILITY

Type of 1lk

Lonfat inole
Pasteur- Ilomocen- D..3 ovavo- D..3
Day ized ized Siimmed Snlids rated Sclias
Series I
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8 £.0 Lhiod he2
9 6.2 5.2 L.5

10 53 5.5 LeC

Series II

1 c.0 6.0 e 3
2 5.2 3.5 5.2
3 6.5 1o L.2
L 5.3 5.2 3.5 )
5 } 5.2 5.2 Lad
6 503 5.2 BOF

7 5.0 3.8 5.2
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