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Solids in Relation to Smoothness

and Keeping Qualities of Ice Cream.

There are three faectors which determine the quality of
ice cream, nesmely, flavor, smoothness, and keeping quality. The fla-
vor 0f ice cream is governed by the quality of the driginal cream and
the commerical flavoring added. The fectors governing smoothness depends
much upon the solids the ice creem contains. Solids mey be in the form
of butter fet, fillers, or fruits in fruit cream, while the keeping
quality depends upon the ingredients entering into the cream such as the
purity of creeam, flevoring, filler, fruits, ete., and the conditions

under which the frozen products are handled.

Ice Cream Formuleas.

@enerally speaking, ice cream consists of cream 10 to 15
per cent, filler (gelatin, gum tragecanth, corn sterch, or verious
brands of commercisl fillers) sugar, one pound per gaellon, &snd flavor-
ing, venille, being the most commonly used. in fruit creams the crush-
ed fruit is comuonly used, occasionally extrects, or & combinstion of
the two.
in these experimsntel batches of cream only & very small guan-
tity was necessery. The formuls used was &s follows:
1 quert of cream (the per cent fat verying.)
6 ounces of sugar.

1/2 ounce venille flavor.
10 grems red coloring

Filler (verying amounts of gelatin, corn sterch

and gum tragecanth.)

Eech betch of cream was frozen in & 4 quert hend freezer,




turning 60 times per minute. lee end salt wes used for freezing and pack-
ing by weight, one fifth as much selt as ice. Fech beteh wes allowed to

herden for 18 hours after freezing before being examined microscopicelly.

Microscopic Examinstion of Ice Cream.

The essential factor governing this examination wes to main-
tein the ice ereem in its neturael condition under favorable working
~conditions. This was accomplished most satisfectorily by using & room

in which the tempereture could be controlled end maintained at 35° to

40° ¥.
After numerous triels the following device for & freezing

stage was constructed which proved very setisfectory. Fig 1.

A piece of iron pipe (C) three inches in diameter was flat-
tened on one side, caps screwed upon the ends end sammonis passed through
it by tepping these ceps and connecting to smwonis system by high pres-
sure smmonia pipe (A). The circular stage (D) wes mede by etteching two
circuler iron pletes 10 inches in diemeter, 1/2 inch epart and running
& 3/4 inch pipe through the center. This stage proved unsetisfesctory,
the larger one being used.

For examination, & thickness of sbout 1/8 inch of frozen
creem wes spre’dl on gless slides. These were placed on the chilled sur-
face, the glass preventing the erystals which formed on the freezing
stage from passing through the cream. A Leitz binocudar microscope with

cemers attached wes used throughout for meking the photogrephs.



In Fig. 1. the ‘mmoniea entered through pipe A returning
J through pipe B. |

The Amount of Solids in the Cream Mixture.

Commercial ice cream mekers heave essumed thet &n incresse
in the emount of milk solids tends to produce & smoother cream, and
$het this will apply &lso %0 an increese brought about by the addi-
tion of fillers, binders, ete.

The percentage of fet in cream is the verying factor as fer
as milk solids go, for creams with the same per cent fet will vary in
percentage of solids - not fet - but slightly. Therefore, the assumpt-

ion is thet an increase in per cent fat in the cream produces & smoother
tcxture/




The appesrance of cream under the microscope of

20% and 10% fat is shown in Fig. II end 1II.

Figure II.

Figure No. II represents creem made from 20% cream without
any filler. Contrest with figure No. III, which contains no filler
end 10% fat. The Cream in Figure No. LI hss e smooth appearance, the
crystels being minute end evenly distributed, while in Figure No. III
the crystels are large and unevenly distributed. This difference in
the ice formation mey be explained &s follows.

It is & well defined lew of aystallogrephy thet ice freezes
in a regulerly formed crystels, the size depending mainly upon the ra-

pidity of freezing. The presence of other meterisl will naturally in-
terfere with the formation of this reguler form‘of crystal. The agi-
tetion of the cream while freezing ceuses the crystals to become ir-
regular and much smaller. Hence the distance between the solid parti-
cles must be less in the baetech which contains the grester smount of

so0lids. Assuming thet the homogenity of the mixture remeins constant



throughout the freezing process, the space between solid parti-
cles would be less in the batch conteining the most solids.
Inesmuch &s roughness in ice cresm may ie due to large ice crystals
or ice fommation, the cream having the la rger amount of solids is
smoother.
From the standpoint of the ice cream meker solids may

be in suspension, emulsion, colloidal solution or in true solution.
tice solids ere seldom used in the suspended form. Uncooked starch
is probably one of the best illustrations of a solid in such form.
this is on account of the lack of fineness of division, which will
be more foreibly brought out leter in this discussion.

Emulgions. The most common emulsion met with is thet of fat.

the importance of fineness of division of this solid in the emul-

sified form is shown in photographs Numbers IV &nd V.

Figure No. IV Figure No: V



The cream in Figure Iv wes composed of

1 quart 20% creem, unhomogenized,
6 ounces of suger,
e of venilla flevor,

10 grems of red coloring,

The cresm from which Kigure No. Y. was made being similar

except homogenized cream used. In the process of homogenization

the fet globules are divided into more minute globules which
makes them more evenly distributed causing the formetion of
very minute crystels and a smoother cream.

The erystals in Figure No. V are very minute &nd evenly
distributed which is due to the evenness of the distributions
and minuteness of the fat globules.

colloidal Solutions. The solids most frequently flound

in ice cream in the shape of colloidal solutions &re geletin,

gum tragacenth, cooked stsrch, eggs, ete. The chief differ-

ence between suspension colloidel solutions snd true solutions
is the fineness of division. ©The following wes teken from The-
oreticel and Physicel Chemistry es d escribed by Bigelow:

"We are inclined to epply the term suspension if eny indi-
cation of settling is perceptible after & short time, or if we
think separetion will eventuelly teke plece. We include under
the heed of colloids, substences dispersed through a solvent in
perticles so fine they will not settle out, aad yet not so fine
but whet we can by experiment, form spproximete estimstes of

their size."



It will be noted thet the stebility of the solution depends

upon fineness of the division. Ice cream is often held several
deys. I1f during this period of storsge the creem is permitted

to soften 2nd later rehardened, the solids separete to & greater
or less extent, permitting the water to reform in large ice crys-
taels, thus causing & coerse cream. 4he one factor, therefore, in
& cream of good keeping quelities is the permesnancy of solution
of the sdids in the original cream, which in turn depends meinly
upon the finenesge of division of the solids mwesent. The value

of finenese of division of colloidel gsolutions, both &s to smooth-
ness and keeping qualities of ice ceresm is foreibly illustrated

in photogrephs No. VII - VIII - I¥ - X.

Photograph No. VII. Photogreph NO. VIII.



Figure No. VII wes mede from ice creem which had been hardened for
14 hours. The following formuls was used:
1 quart of 15% cresam,
6 ounces of suger,
1/2 ounce of venille flevor,
10 grems of red coloring

1 ounce of gelatin,

Figure No. VIII wes mede from e similer creem with one ounce of cooked
Istarch instecd of the geletin es & filler.

i The division of geletin in such & solution is much finer then
'starch. It will be noted that the ice crystals in the geletin creem
are smeller snd more regulerly distributed. These cresms were held

for 72 hours during which time each wes permitted to soften three times

end wes hordened agein by freezing.

Figure No. IX. Figure NO. X




Figure No. IX shows the form of geletin cream found after
rehardening and Figure No. X demonstretes the changes which
occured in the sterch cream in the process of softening end
reherdening. 1t will be noted thet more chenge has occured
in the starch cream than the geletin cream as the sterch wes
not distributed as evenly originally &nd has & tendency to

separate.
Summery.

I Smoothness and texture of ice creem &re closely associded
both with fresh and refrozen ice cresm.

IT Smoothness depends upon the amount and fineness of division
oﬁ solids present other then those in true solution, within limits;
that is, the smoothness depends upon size end distribution of ice crys-
tels whieh in turn de pend upon the number end neerness together of

minute s0lid perticles which interfere with crystellization end reduee

the size of the ice erystals.

IIT Colloidel solutions of solids other then fst are best adapt-

ed for filler in ice cresm. The finer the division the better.

IV The more complete the emulsior of the fets the better. The
homogenizer hss its appliceetion in this respect.

V The keeping qualities of ke cresm depend upon the stebility

of the "mix". Thst is, the keeping quelities of ice cream msde ffom




e given misture will depend upon the disposition of the solids in
thet to separete from the liguid, vhich in turn depend upon the
fineness of division of the solids. Ths finer the division the
better the keeping qualities up to the point &t which the solid

merges into & true solution.
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