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INTRODUCTION

Ice cream consumers have for many years favored a smooth textured
product, one free from an icy, coarse, gramilar structure. It is neces-
sary, therefore, that certain precautions in processing and handlirg be
used by the mamufacturer in order that the ice cream, when plzced before
the consumer, possesses the desired smoothness.

Commercially manufactured ice cream is not sold immediately after
the freezing process, but is stored in a hardening or cold room at low
temperatures for several days before it is marketed. If the ice cream is
made only from milk, cream, and sugar in normal amounts, it becomes granu-
ler ard icy during this storage period. This is due to the formation of
comparatively large ice crystals.

In order to prevent this undesirable crystellization, small amounts
of certain colloidal substances have been used by manufacturers to protect
the ice cream from such ice formation and consequent coarseness. These
colloids also serve to stabilize the ice cream, and to make it more resist-
ant to melting.

Gelatin has been the most popular and widely used of any of the col-
loids listed as ice cream stebilizers. Because of its source, however, many
people have opposed.its use as an ingredient of ice cream.

Various vegetable products have been used to a small extent in the past
as substitutes for gelatin, and recently marny more have been placed on the

merket under trade names. Very little information is available as to the






efficiency of these products as ice cream stebilizers. It was for the
purpose of gaining additional information concerning these vegetable sub-
stances that this study was carried out.

Any study made of different ice cream ingredients would not be com-
plete without considering each substance from an economical and mtritional
viewpoint. If one stebilizer is as efficient as others and is less expen-
sive, it probably should be the one used. Also, even though only small
amounts of a stabilizer are used in ice creem, the mtriiional value of
the product should not be entirely disregarded.

It must be kept in mind, that the texture and body of ice cream is
not dependent altogether on the stabilizer used, but is influenced by other

factors.



SCOPE OF INVESTIGATION

This investigation includes a study of seven vegeteble stabilizers:
gum tragacanth, gum arsbic, agar eger, Colece, Krabyn, Lakoe A, and Kelco
Gel. Since these substances are advocated for use in a food product, it
is of interest to the general public to know something of their nature
and origin. The following brief discussion, therefore, enumerates a few
of their properties and tells something of their source and importeance.

Nature and Origin of Stabilizers:

Gums of one type or amother are used either directly for stabilizers
in ice cream or are the basis for many gelatin substitutes now on the mar-
ket bearing various trade nzmes.

Persia and Turkey are the principal sources of gum tragacanth. The
gum is obtained from the Astragalus genus of botenicels, and is secured by
gashing the trunks of the shrub near the ground, from which exudes the juice
or gum. It must be collected within 24 hours if it is to be of the pure
white variety of highest grade. The longer it remains on the tree the
darker it becomes and the grades and valué are reduced accordingly.

Gum Arabic is secured from the acacia tree in Egypt. The gum is
collected during the dry season from Octoter to June, at which time the
patives puncture the bark of the tree with & sharp instrument. The gum
exudes in the form of a tear which may be collected several weeks after
tapping. The process may be repeated every few weeks during the season.

Locust bean gum, bearing the trade name of tragasol, is made from
the seeds of the carob tree. Although the cerob tree is found in the west-
ern section of the United States, from which some of the gum is obtained,

the largest source of supply of the gum is from the vicinity of the Medi-



terranean Basin from Spain to Palestines. This gum is coming into promi-
nence as an ice cream stebilizer and furnishes the basis for several of
the newer vegetable stabilizers including Krabyn and Lakoe A.

Kadeya gum or Indian gum is said to come from the Sterculia gemus
of botanicals which grow profusely in British India. This gum has been
prominent during the past few years in ice creeam mamifacture, being used
in sherbets and ices. It is no doubt, present in some of the newer vege-
table stebilizers.

It is generally accepted that the active stebilizing agent for the
commercial product, Colace, is a gum of some type, although the exact gum
is not as yet known.

Kelco Gel, another vegetable product used as an ice cream stabilizer,
is said to be pure sodium alginate, a product obtained by chemical treat-
ment of algae. Its source is southern California.

Although these newer type vegetable stabilizers differ in composition,
those containing gums as the stabilizing agent consist principally of the
same substances. These substances, however, are present in different stab-
ilizers in greater or lesser amounts. Table I gives the chemical analysis
of one of these vegetable stabilizers. For obvious reasons, the commercial
neme of the product having this analysis is omitted.

Table I. Approximate Chemical Composition of Vegetsble Stebilizer
which Has Gum as Its Stabilizing Agent

Components Approximate Percenteage
Galactan 25

Mannan 65

Pentosans 4

Albuminoids 2

Cellular Tissue 1

Mineral Matter 3

Laevulan trace

Nitrogen small
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Agar, as pointed out later in the review of literature, is secured
from algae. The red algae of the Pacific Coast furnish a large amount of
the commercially used agar. Agar usually contains about 80 per cent of
carbohydrate material and about three per cent of ash. The best quality
agar has the lowest percentage of ash.

Gelatin, the most popular stabilizer, is an animal product, a pro-
tein obtained by the processing of calf skin trimmings, pork skin, or bones.
It is derived specifically by hydrolysis from the two proteins, collagen

and ossein.



LITERATURE REVIEW

Mach research has been done and considerable literature is available
on the use of stabilizers in ice cream. Most of it, however, deals with
gelatin. As early as 1909, Alexander (1) noted that ice cream made with
gelatin was smooth and "velvety", while that made without gelatin was sandy
and grainy. In general, he concluded that ice cream made with eggs, gela-
tin, or some other colloidal ingredient was superior to that made without
such substances, the colloid acting as an inhibitor of crystallization or
as a preserver of texture. In another article (2), he pointed out that
gelatin in ice cream was advisable as it made an 1lce crezm of better con-
sistency. |

The protective action of gelatin against ice crystallization has been
mentioned by Washburn (39), Downey (12), and others. Dahlberg (7), found
that it was not due to the protective action bf the colloid that ice cream
is kept smooth, but due instead to the ability of the gelatin to form a
gel in the ice cream when added in sufficient amounts. This fact was further
stressed by Dahlberg, Carpenter, and Hening (9), who pointed out that the
amount of gelatin ordinarily used in ice cream is sufficient to bring about
gel formation.

The most generally accepted definition of a gel is that given by Get-
man and Daniels (15) who state that gel formation results from the "agglom-
eration of the hydrated particles, forming a structure of filaments, with
the free water retained in the capillary spaces between the filaments which
have been likened to a brush pile, and filaments which interconnect with

each other to form a honeycombed structure."



Results of work done by Leighton and Williams (4) substantiate the
conclusions drawn by Dahlberg. They state that the gelatin in its pro-
tective action "merely retards the rate at which equilibrium is established
when a 80lid crystallizes from solution in its presence."

Sommers (35) concludes that if smoother texture is brought about by
gel formation, it is due to the interference by the gel filaments with the
formation of large ice crystsls, rather than because of a greater amount of
the water being held in a bound form.

Several investigators have studied the viscosity of mixes as influenced
by gelatin and its jellying properties. The associates of Rogers (4) point
out that ice cream mix exhibits both a structural and a basic viscosity, the
structural viscosity being broken down on agitation.

Turnbow and Milner (36), in discussing the two types of viscosity
state that real viscosity 1s found "in crystalloids and colloids alike
which have no connection with colloidal behavior, and apparent viscosity
is due to the swelling of submicroscopic solid particles in a solution."
The latter type is unstable under certain conditions. They conclude that
gelatin is largely responsible for the amount of viscoslity that may develop
during aging.

De Pew (11) observed that gt low aging temperatures a definite gel
gtructure is built up which 1s largely destroyed by agitation. He con-
cluded that gelatin greatly increased the apparent or structural viscosity
of the mix, and when excessive gelatin was used the structural viscosity
could not be broken down to the same point as that obtained in mixes hav-

ing a lower gelatin content.



That basic viscosity applies to a value secured under specific con-
ditions and it is not a correct minimum value from the viewpoint of the
lowest viscosity that might be present without fat clusters, is the opinion
of Henirg (18). Wright (41) found that greater basic viscosity vas de-
veloped in gelatin mixes when high initial temperature of 80° to 100° F.
was used in the aging period.

That agar is like gelatin in that it increases the viscosity by the
formation of a gel is the opinion of Sommer (35) and Dahlberg (7) (8).
Sommer (35) also concludes that gums increase the viscosity of ice cream
mixes because of their high degree of hydration.

Associates of Rogers (4) concluded that theoretically a high viscos—
ity and a low surface tension should favor overrun, but that no date give
results in accord with the theory. Turnbow and Raeffetto (%7) state that
"the lower the surface tension, the faster the mix whips in the freezer."
Results obtaired by Reid snd Kussell (2%) and Gebhardt (14) are contrary
to this theory, however, and show no correlation between surface tension
and whipping sbility.

Experimentel results secured by Leighton and Williams and reported
by associates of Rogers (4) irdicate that in certain cases high basic vis-
cosity favored overrun while in other cases it hindered overrun. Vright
(41) reports that the whipping property of the mix was decreased as viscos-
ity increases. This same conception is held by Sommers (35) who states,
however, that such is not always the case.

DePew (11) found that mixes with high viscocity incorporated over-
run more slowly and in smzller amounts than those with less viscositye.

Conclusions drawn by Gregory and Manhart (17), after reviewing literature

pertaining to this subject, were that under most corditions viscosity is



necessary to obtain meximum overrun, but certain substances when added to
the mix may increase the viscosity but decrease the ability of the mix to
incorporate air.

Sommers (35) concluded tnat "differences in the whipning ability of
ice cream mixes cannot be explained on the basis of viscosity and surface
tension."

Gelatin is a deterrent of overrun in both time and degree, according
to the associates of Rogers (4). Mortensen (%0) had previously found that
stabilizers did not influence the yield of ice cream. Washburn (39) like-
wise concluded that the swell was not affected by gelatin, gum tragacanth,
or other binders. Both Downey (12), and Dzhlberg, Carpenter, and Hening (9)
found that variations of amounts of gelatin from 0.2 to 0.6 per cent did
not influence the overrun obtained. However, although the yield was not
affected, Dahl and Caulfield (10), Horrall (20), and Mortensen (30) agree
that gelatin lengthens the time required to reach a desired percentage of
overrun.

Several tests have been devised to determine the efficiency of stab-
ilizers, or more specifically, gelatin, in ice cream. MNoore, Combs and
Dahle (£9) tested six samples of gelatin for gold number, pH, ash, and
moisture content, bacterial count, swelling strength, solubility, gel
strength, jelly value, and viscosity. They found no relationship to exist
between these tests nor between the gel strength and emount of gelatin to
use. They concluded that the amount of gelatin to be used is best judged
by a standing up test at room tempzrature.

Similar results wers obtained by Serex and Goodwin (34). Lucas and

Scott (27) concluded that there was high correlstion between the gel strenzth
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of gelatin as determined by the Bloom test and the melting down test.
They stated that "since the resistance to meliing is one measure of the
colloidal properties of the stabilizer, the melting test results obtained
were used as a standard against which to compare the results from other
tests for quality in gelatin for ice cream.”

Downey (12) and Moore, Combs, and Dzhle (29) found that gelatin
sarples melted down less slowily than samples without gelatin. Dahlberg,
Carpenter and Hening (9) noted that ice cresm without gelatin began to
melt first, but a frothy or foamy covering was left over the brick which
seemed to insulate the brick and caused less rapid melting than that tak-
ing place on samples containinz a small amount of gelatin.

The rate of melting of gelatin mixes was decreased as the viscosity
of the mix increased, according to Wright (41), who found that the manner
of melting down was also influenced by viscosity.

Dahlberg, C;rpenter, and Hening (9) noticed that ice cream contain-
ing too small an amount of gelatin melted and flowed away in small streams
and resembled thin cream or milk. A proper amount of gelatin produced a
melted ice cream which, though fluid, had a viscosity comparable with heavy
cream, and from vhich much of the air escaped as the ice cream melted.

There is little available information relative to the use of gums and
agar in ice cream. Washburn (39), Fisk (13), and Larson and White (25)‘
mention that gum tragacanth is an efficient stebilizer even when used iﬁ
small quantities. Fisk (13) states that the gum will absorb fifty times
its weight of water.

Holdaway and Reynolds (19) noted that the resulting ice cream was
glossy when gum tragacanth was used, which became slimy with excessive

amounts of the gum. They concluded that gum tragacanth is a filler and
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not a binder as it caused the ice cream to be smooth, but to melt faster
than that with no stabilizer when mixes were used containing high percent-
ages of fat (19 and %0 per cent). In an eight per cent mix, however, the
gum caused greater resistance to melting than the control sample. In all
cases, the gum gave a harder ice cream than the control but not as hard as
the gelatin sample. The gum samples melted faster than the gelatin samples
in every instance.

Turnbow and Rafetto (37) and washburn (40) apoear to be opposed to
the use of gums or similar substances in ice cream to take the place of
gelatin. The former agree with Holdaway and Reynolds (19) when they state
that gums are fillers and not stabilizers. They comment on gums as follows:
"It is the belief of the authors that these products (gum tragacanth and gum
arabic) have no place in the manufacture of ice cream. They perform mno func-
tion, as does gelatin, a?d are compsrable to it only as fillers. Gum traga-
canth may have a place in combinstion with some other colloid, such as agar."

In making a study of various stabilizers in sherbets and ices, Dahl-
berg (8) found that gum tragacanth and India gum prevented the syrup from
settling out, but the body of the sherbet was crumbly and hard. Low grade
éums gave a low overrun while the high grade gums gave a high overrun.
Mixtures of agar and gelatin or agar and gums (high grade gums) gave ex-
cellent results, the agar inhibiting excessive overrun.

Crowe (6) found that gum tragacanth and gum arabic imparted objection-
able flavors to sherbets and ices, while India gum and agar gave good re-
sults excepting when used in high concentration. Lucas and Scott (26) and
Judkins (23) found that gum tragacanth gave objectionable flavors to sher-

bets and ices.
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That agar did not exhibit the property of reforming a gel structure
at low temperature after the gel had been destroyed by agitation was
pointed out by Dahlberg, Carpenter, and Hening (9). This property was
shown by gelatin. They also obtained results showing that agar solutions
gelatinized immediately upon cooling, and aging did not increase the
strength of the gel as it did in the case of gelatin. Whipped agar gels
did not regelatinize without a change in temperature.

Their experiments using agar as a stasbilizer in ice cream indicate.
that it improved the texture, but not as much as did gelatin in the proper
concentration. A crumbly bodied ice cream resulted when agar was used.
From these results they concluded the poorer bodied ice cream resulted be-
cause agar did not form a gel in the frozen product.

Dahlberg (8) found 0.15 per cent to 0.20 per cent of agar emough to
form a gel in water ices, while more than this amount caused the formation
of too stiff a gel for commercial purposes. Overrun obtained in these
trials averaged about 10 per cent, and since this amount of overrun could
be obtained with plain sugzr solutions, the author stated "it is evident
that agar cannot be of any value in permitting the incorporation of air."

Differences in opinion s to the amount of gum tragacanth to use in
ice cream occur in the literature. Holdaway and Reynolds (19) concluded
that one ounce of the gum was sufficient for 20 to 30 gallons of ice cream.
Washburn (39) recommends using one ounce of the gum for 10 gallons of fin-
ished ice cream. Lucas and Scott (26) found that two ounces of the gum was
sufficient when used in sherbets.

Five stabilizers of vegetable origin including Krabyn, Hyzell, Colace,

Sure Bet, and Kelco Gel, were studied by Caulfield and Martin (5). Chemical
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analysis of the samples showed that gums in amounts ranging from 28.5 to
80.5 per cent proved to be the active stabilizing agent. Sugar was pres-
ent in varying amounts from 42.5 to 54.1 per cent, “indicating that the
gum content had been adjusted so that the product could be used in ice -
cream in approximately the same proportions as gelatin."

In studying the use of three of these stabilizers in ice creanm,
Caulfield and Martin (5) experienced no difficulty in incorporating the
substances in the mix after first mixing them with sugar. Their results
indicate that some of these stabilizers caused a wheying off of the mix
upon allowing it to age at 40° F. for 24 to 48 hours.

The gelatin samples froze and whipped in about one mimite less time
than the samples made from the vegetable compounds and they were all slower
than the check mix.

Prescott, Heifeltz, and Stanley (32) comparedveight samples of 200
Bloom gelatins with four vegetable substitutes, namely, Krabyn, Tragon,
Colace, and Stabilor. When 0.3 per cent solutions of the gelatins and
vegetable stabilizers were prepared and photographed, the gelatin solutions
were clear while the substitutes all showed material of varied sizes in
suspensiona The authors also noted that when suspensions were prepared of
the stabilizers, the gelatin suspensions retained their homogeneous char-
acter regardless of temperature, while the vegetable products became lumpy
and swelled irregularly when the suspension was prepared, and on cooling
tended to appear as flocculent, gummy masses.

Bacteriological results of this study showed both the gelatins and
vegetable stabilizers to have average counts within limits free from objec-

tions, but the vegetable compounds showed a distinctly higher percentage of
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fermenting types and liquefying types of organisms. The mold count of the
gelatin samples was also superior to that of the vegetable substances.

Further analysis of the results found by Prescott, Heifeltz, and
Stanley (32) indicated that no marked change in acidity of the mix was in-
troduced by the stabilizing agents. Freezinz and whipping data, secured
from varying freezing conditions, showed that the mixes containing gelatin
whipped to a maximum overrun of 137.5 per cent while the average for the
gubstitutes was 130 per cent. They assumed that if "the gelatin and sub-
stitute mixes were subjected to the same freezing temperature, the desired
overrun could be obtained more easily and more quickly with a gelatin mix
than with a substitute mix."

When the ice cream was allowed to melt down at room temperatures,
these investigators found that the gelatin-containing ice cream melted
down cleanly while the substitutes invariably left an ummeltable gummy mass
behind on the soreen. Judges chose the gelatin samples in every case as
being superior in texture and flavor. Contrary to this, Caulfield and Mar-
tin (5) found no difference between the quality of the ice cream made from
the vegetable substances as compared to gelatin and they were all superior
to the unstabilized sample. They found, too, that all the samples melted
down normally and showed no material difference in resistance to melting.
Prescott, Heifeltz, and Stanley (32) agreed with Caulfield and Martin (5)
in finding that mix made from the substitutes showed a promounced separa-
tion of whey if held at 40° F. for 48 hours.

The value of gelatin from a mutrient and food standpoint is well es-
tablished. Alexander (1) stated that gelatin, gums, and similar colloids
had a beneficial effect on the digestion of cow!s milk. He declared further
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that "the added colloid, especially gelatin, may serve as a protective
colloid in preventing the coagulation of casein, apparently an irreversible
hydrosol and a normal constituent of ice cream." He concluded that gelatin
renders ice cream more digestible, a view held by Downey (12) and Prescott,
Heifeltz, and Stanley (32).

Downey (12) found that the addition of one per cent of gelatin to
milk increased the availability of mtrients to a marked degree, produced
noticeable improvement in growth rate, and prolonged well being and repro-
duction.

Prescott, Heifeltz, and Stanley (32) state that gelatin contains a
majority of the amino acids, and Downey (12) found that gelatin was suffi-
cient as the sole source of protein if the amino acids, cystine, tyrosine,
and tryptophane were added. Contrary to this, Jones and Nelson (22) found
no improvement in the rate of growth to result from the addition of 20 per
cent of gelatin either alone or with a mixture of 0.2 per cent cystine, 0.2
per cent tyrosine, and 0.5 per cent tryptophane to a potato-protein diet.
They noticed great improvement when casein and lactalbumin were added to the
diet, and concluded that casein and lactalbumin contained some escential
dietary factor lacking in the potato-protein preparation and in gelatin,
which is not one of the known essential amino scids.

These results were substantiated by Jackson, Sommer, and Rose (21),
who found that diets in which gelatin was the main source of protein were
not sqitable sources of nitrogen even when supplemented with cystine, tyro-
sine, and tryptophane. They stated that "attempts to improve the quality
of gelatin are complicated by what appears to be a deleterious action ex-

erted by the protein when fed at a 35 per cent level which is shown by the
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early fatal outcome of many of the experiments and the frequent incidence
of severe renal injury."

Prescott, Heifeltz, and Stanley (32) point out that the vegetable
stabilizers have some food value since they contain starch, gum, dextrin,
or other carbohydrate materiels. Anaslysis of five vegetable stabilizers
by Caulfield and Martin (5) showed no starch to be present.

Gortner (16) in discussing gums states that relatively littls is
known in regard to the exact nature of the carbohydrate groups in such com-
pounds. He describes gums as "mors or less glucoside-like compounds con-—
sisting of hexoses or pentoses (or both), combined with other substances,
generally complex acids. On hydrolysis they usually yield galactose,
arabinose, or xylose, either alone or in mixtures." He concluded that gum
arabic is a calcium or calcium magnesium salt of arabic acid, a relatively
strong acid. Norman (31) found gum arabic to consist, in general, of a
mucleus acid consisting of galactose, and uronic acid, probably galacturonic
acid, to which is linked arabinose by glucoside linkages.

Various diastases, some of which are present in the alimentary tract
of animals, are capable of converting gums slightly into reducing sugers,
according to Voskressensky (38). He found that rats could live on a diet
containing 50 per cent gum.

Agar agar is clessed as a mucilsge by Gortner (29), who observes that
it is a structurel component of the cells of zlgae, end is obtained from
"sea-weeds"., He also points out thet the animel body does not possess en-
zymes capsble of digesting ager and, therefore, it cannot be utilized as
a foods That it has a plaece in the diet to furnish bulk is mentiored by

Gortner (16) and further stressed by Mitchell (28). The letter found that



17

by replecing five per cent of the starch in the standard casein diet used
by Osborne and Mendel which was fed to white rats, with agar, successful
reproduction resulted. He considered thet agar supplied nececsery bulk to
the ration.

Some effort Las been mode to displece stabilizers ertirely in ice
cream by increasing homogernizing pressurecs. Anderson, Lyons, and Pierce
(3) concluded that gelatin could be reduced by increesing the homogeriza-
tion precssure, and posczibly eliminsted entirely. Judkins (24) and Horrsll
(20) found that gelatin could be reduced to some extent by an increase in

pressure, but could rot be entirely replaced.
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PUFPOSE OF THE EXPERINERT

The purpose of this study was to determine the efficiency of vari-
ous cubstances of vegeteble origin as ice cream stabilizers, and to com-
pare their ebility to make a smooth textured ice cream with that of gela-
tin.

More specifically, the experiment was to include a study of the fol-
lowing points:

1. A determination of the general physical characteristics of these
proposed gelatin substitutes.

2« To learn the effect of vegetzble stabilizers on the ice cream

3. To study the effect of these substances on the freezing end
whipping of ice cream.

4. To compare the guality of the ice creem containing stabilizers
of vegetsble nature with that containing gelatin in proper emounts.

5. To study the hardness and resistance to melting of ice cream

as affected by gelatin substitutes.
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PROCEDUEE

Ice creem mixes conteining 12 per cent fat and 37 per cent totel
solids were used for the experimerntal trisls. The ingredients used and

their composition zre given in Table II. The czlculetions for the table

Table II. The Composition of tke Mix.
Ingredfgﬁis fHEFEEEEH&{""Fét Serum Solids Totel colids
lp‘s‘_o — _lb 3 o l. _s . lb~s~o .~

Skim Milk 3.9 3.783 3.783
Powder

(97% s.c.)

Whole Milk 47.423 1.897 4.097 5.994

(4% fat)

Cream A 33.677 10.103 2.122 12.225

(30% fat)

Sugar 15.0C0 15.000

{100%)__ . e e e - o —

Total _100.00 | 12.000 _.10.002 37.002

were based on a 100 pound mix. The stabilizers were not included as part
of the basic mix, but were added as extra substances. This would, in most
cases, incresse the totzl solids about 0.3 to 0.4 of & per cent.

A 200-Bloom strength geletin was used for the trials, snd was added
to the mix at the rate of 0.4 per cent.

The percentages of colids ard moicture in each of the stabllizers
studied are given in Teble III. These samples had been sesled and stored
in the same room and under the same cornditions for several weeks before

the moisture determiratiorns were made.
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Teble III. Normal Percentege of Moisture and Solids in Stabilizers
(Deternired by heating in oven at 100° C. et 20 inches
vacuum for 30 mirmutes).

—————

Stabilizer loisture Solicés
per cent ____per cent

Gelatin 10.83 89.17
Gum Tragacanth 11.70 88.30
Gum Arabic 13.16 86.84
Agar Lgar 13.97 86.03
Colece 9.92 90.08
Krabyn 7.42 92.58
Kelco Gel 15.96 84.04
Lakoe A 11.73 88.27

—

Mix Preparstion ard Freezirng:

Pigng Syt

Eight batches of ice cream weighing 65 pounds each composed eeach
series. At least one batch of each series, and sometimes tvio, conteined
geletin, and there was usually the same nunber of batches corntaining no
stabilizer, i. e. the control batclkes. The rest of the lots of the series
conteined various amountc of the geletin substitute, or substitutes, under
consiceration.

The povdered skim milk, whole milk, and cream for the series were
mixed in a 50 gallon pasteurizing vat ard heated to about 110° F. Pro-
portionate amounts were weighed into eight 10-gallon milk cans. To each of
these cans was added the correct amount of stebilizer. These were mixed
well with the necessary sugar. The stebtilizers were weighed, ard recorded,
by‘ounces, each ounce equaling epproximately 0.1 per cent.

The sugar-stebilizer mixture was stirred into the mix and then the
eight cans of mix were pesteurized at 145° F. for %0 minutes by setting
them in e large water bath which was heated to the proper temperature by

the use of live steam. The mix was stirrec¢ at frecuent intervals during

the heating and holding periods.
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At the close of the holding period, the mixes were viscolized at
2500 pounds pressure at the pasteurizing temperzture, and immedictely
cooled to approximately 40-45° F. by rumning over a tubuler cooler. Sam-
ples which were to be used for viscosity and surface tension measurements
were teken at this point in the process, and the mixes were then stored
in a cold room at about 40° F.

After a 24-hour storage period, the mixes were frozen. Fifty-five
pounds of each batch vere frozen in a 50-quart, direct expansion free:zer.
The freezer was washed out with cold water betvieen each batch so that all
lots would be frozen under as near as possible identical conditions.

Each batch was frozen to the same hardness as determined by a Draw-
rite regulator, having selected a reading of six, and the batches were
allowed to whip for 16 minutes after the freezing medium was shut off.
Overrun determinations were taken at one mimite intervals during the whip-
ping period, a Mojomnier Overrun Tester being used for the determinations.
Two quart samples in sealrights and one quart brick sample were taken when
100 per cent overrun was attained. These semples were stored in the hard-
ening room for scoring and melting down tests.

Surface Tension and Viscositys

The samples of mix that were taken after the mix had been cooled over
the tubuler cooler, were stored in the cooler for 24 hours. At this time
they were tempered to 20° é., and surface tension and viscosity measurements
viere made.

A Duluoy Direct-Reading Tensiometer vas used for the surface tension
measurements, and the viscosity was determined by using a Mackichael Vis-

cosimeter.
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In many cases, both the apperent and resl viscosities were taken.
The apparent viscosity was teken on a sample of the mix that had been
held for the R24-hour period, carefully tempered, and poured into the re-
ceptacle of the viscosimeter without any previous agitation.

The real or basic viscosity was taken on a sample of mix which had
been shaken for 10 mimtes in a shaking machine, & length of time which
had previously been found sufficient to brezk down the structural viscos-
ity of exceedingly heavy mixes.

A standafdized No. 30 wire was used for the normal mixes, but in
abnormally viscous ones, a No. 26 wire was substituted.

Scoring of the Ice Cresm:

The ice cream samples tesken at the freezer were stored in the harden-
ing room at approximately -5° to -10° F. They were scored after storsge
periods of one week and three weeks by Prof. P. S. Lucas and the author.
The body and texture of the ice cream wes particulerly criticized, and the
officiel score card allowing 25 points for perfect body and texture was
used as the basis of scoring. Any off-flavors due to the stabilizer pres-
ent were also noted.

Testing the Ice Cream for Hardness:

The hardness of the ice cream after storing was determined by the use
of the Hardness Tester shown in Figure I. The determination of the hardness
of the ice cream is made by noting the depth the blunt needle will penetrate
into a brick of ice cream, the force back of the needle being the same in
each case.

An explanation of the manipulation of the tester is as follows: The

plunger, 1/8 inch in diameter, with its frame, is held above the brick of
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ice cream by an electro-magnet which secures its current from tvio dry cells,
providing, of course, the switch of the eircuit is closed. Vhen the brick
is in place, the switch is thrown off. With no current, the magnetic force
ceases, and the plunger is released and strikes the brick.

The platform holding the brick is adjustzble so that the upper surface
of each brick is the same distezrce from the electro-magnet. This being the
case, the plunger falls the same distence each time, and, also, with the
same force since the weight of the frame and plurger is kept constant. It
can be noted that the frame holding the plunger is so constructed that addi-
tionel weights may be asdded if more penetration is desired.

The plurger is celibrated into equal units of about one millimeter
"each, and the mumber of units it penetrates can be secured directly by us-
ing the swinging pointer. This pointer can be so adjusted that it will
point directly at the marker after the plunger strikes the brick and the
reading can be quickly mede. Obviously, the distance the plunger sinks in-
to the brick of ice cream is dependent upon the firmness or kardness of the
ice cream.

A machine of this type wes designed because it was thought to give ac-
curate and uniform determinations due to its elimination of friction.

Before the readings vere made on any series of ice cream, the machine
was cooled by allowing it to remain in the cooler (36-40° F.) for not less
than one hour. The measurements were madg 4&n the ¢ooler at the same tem-
perature, and the bricks were brought out of the hardening room one at a
time so that no softening of the ice cream would occur before the readings

were obtained.






At least six measurements were made on each brick, and an average

was taken of these measurements.
stas

After the bricks of ice cream were tested for hardness, they were
weighed and placed on pleces of cardboard of approximately the same size
as the bricks. A mail protruded through the cardboard which kept the
brick from slipping from the board after it began to melt. The btdcks
were then placed on a coarse wire screen and kept at room temperature.
Under each brick was placed a tared pam which caught the melted portiam.
In most trials the pans were weighed at one-half hour intervals during
the melting period of five hours.

EXPERIMENTAL RESULTS
sic c stics of Stab CH

Several of the gelatin substitutes made decidedly opaque or milky
colored suspensions when efforts were made to get them into a uniform
aqueous solution. It was noticed, also, that some of these suspensions,
when heated and them cooled, showed the presence of more or less floccu-
lent masses of material which either separated out on cooling or had
failed to disappear throughout the heating process.

The following table (Table IV) gives the gemeral appearances of
the stabilizers in their original powdered form, and after suspensions
had been made of them.






Table IV. General Appearance of the Stabilizers in Original Powdered
Form and in a 0.5 Per Cent Water Suspension in which They
Were Heated to 185° F. and Allowed to Cool Slowly.

Description of Description of Cooled 0.3% Sus-
ser 3 zer ' .pension

Gum Tragacanth Fine, white powder Opaque with white precipitate and
in some cases flocculent masses of

mterial.

Gum Arabic Fairly fine, white Clear
powder.

Agar Agar Grayish-white pow- Very slightly opaque, practically
der. clear.

Gelatin Light-brown Clear
gramlated.

Colace Fairly fine, white Opaque with white flocculent pre-
powder. cipitate.

Krabyn Whitish-powder, Slightly opaque with small amount
speckled with brown of fine white precipitate.
material .

Lakoe A Like Krabyn but mot Opagque with large clumps of floccu-
so many brown specks.lent materials.

Kelco Gel Dark khaki brown Free from precipitate but dark brown

very finely divided. in color.

The table shows that gum arabic, agar, and gelatin gave the clearest
liquid dispersion of any of this group. Of the stabilizers in the powdered
form, it appears that only three might be open to criticisms as to their ap-
pearance, these three being Krabyn, Lakoe A, and Kelco Gel. Krabyn and
Lakoe A show undesirable dark brown specks which are the seed coats, and
Kelco Gel possessed am abmormal brown color. The stabilizers as a whole
showed no undesirable odors with the possible exceptions of agar and Kelco
Gel which had distinct "weedy" or vegetable aroma.

Some of the stabllisers showed great hydration power as demoted by
their ability to take on water and to thicken considerable quantities of it.
Gum tragacanth, Lakoe A, and Kelco Gel all swelled to a large extent when
placed in water and showed great affinity for it. Krabyn and Colace were
:I.ntolfior to these mentioned above in this respect, while gum arabic showed



. .
-
.
: .
i
. .
.
.
. o
- o
. v .
o B
. s ..




practically no imhibition and hydration property.

Agar agar and gelatin exhibited their matural property of gel form-
ing, with the agar having the ability to form a gel at a lower concentra-
tion than the gelatin.

PART I
Gum Tragacanth

In order to determine the proper amount of gum tragacanth to use in
ice cream to give results comparable with gelatin, amounts varying froa 0.5
ounce to seven ounces were added to 65 pounds of the mix. No difficulty was
experienced in incorporating the gum into the mix after it was first mixed
well with the sugar.

Lots I to III contained batches having from 0.5 ounce to three ounces
of the gum. Batches in Lot IV contained three and four ounces of the vege-
table stabiliser.

Miscellaneous batches were processed containing from four to seven
ounces of the gum. The results froam these particular batches are tabulated
throughout the study in the averaged results, but no individual lot data
are given since these were but single trials, and served only as tentative
guides to determine the effect on the ice cream of exorbitant amounts of
gun tragacanth,

Yiscos a face Tension:

Gum tragacanth showed great ability to increase the viscosity of the
ice cream mix. Table V shows the viscosity of three series having the gum
present in amounts varying from 0.5 to three ounces. As a rule, the lot
containing two and one-half ounces of gum tragacanth had a viscosity greater
than the gelatin sample, which contained 4.16 ounces (0.4%) of gelatin.
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Table V. Viscosity in Centipoises of Ice Cream Mixes Containing
Three Ounces or Less of Gum Tragacanth.

Amounts T ot I - Lot II Lot III Average

Used .. Viscosity  Viscosity _ Viscosity  Viscosity ...
0.5 02Z. Gum 27.8 26.6 57.7 57.%

1.0 oz. Gum 79.9 4.4 76.0 66.4

1.6 oz. Gum 58.1 57.7 95.2 69.7

2.0 oz. Gum 107.8 79.9 97.6 95.0

2.5 oz, Gum 115.7 88.7 125.0 109.1

5.0 oz. Gum 127.9 15%5.1 245.5 168.8

4.1 o3. Gelatin 66.9 79.9 181.9 109.6

Control 18.9 26.6 44.4 $0.0

Although Lot III gives the same gemeral trend in viscosity as do
the other series, it showed higher readings throughout. Difficulties
were experienced during the processing of these three trials in keeping
the temperature of the mix uniform during viscolization. No doubt, the
higher viscosities of Lot III are due to viscolizing at lower tempera-
tures than those normally used.

As shown by this table (Table V), and, as would be expected, the
greater the amount of gum used the higher becomes the viscosity. It was
found that when six and seven ounces of the gum were used the mix became
excessively thick and viscous, and much loss occurred during the process-
ing due to the high adhesiveness of the mix. Six ounces of the gum gave
a mix viscosity of 1943 centipoises, and the viscosity reading for seven
ounces was about 2839 centipoises.

The viscosity and surface tensions of mixes containing three and
four ounces of gum tragacanth are given in Table VI. The results of this
table indicate that the mixes containing gum in these quantities show con-
glderable structural or apparent viscosity.
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Table VI. Apparent and Basic Viscosities, and Surface Tensions of
Mixes Containing Three and Four Ounces of Gum Tragacanth.

Stabilizer Apparent Basic Average Surface
and Amount Viscosity Viscosity Basic Tension
Used (ep) Viscosity

S oz. Gum $90.0 241.0 47.3%
S 03. Gum $81.0 257.0 46.0 47.5
3 oz. Gum 416.0 260.0 47.5%
4 oz. Gum 754.0 463.0 48.5
4 oz. Gum 854.0 528.0 461.0 48.3
4 o3. Gum 772.0 391.0 48.0
4.) os. Gel — 76.0 76.0 45.3
Control 26.0 25.0 25.0 43.6

As a general rule, the surface tension of these mixes varied directly
with the viscoslty, providing the viscosity changes were comparatively large.
The surface tension did not appear to vary directly with slight changes in
viscosity. This is more clearly shown in the following table (Table VII),
which gives the surface tension for the series whose viscosities were given
in Table V. These results indicate a general increase in surface tension.
with the increase in gum and viscosity, but the results are not constant.
There appear to be other factors more important than the stabilizer in in-
fluencing the surface tension of the mix,

Table VII. Surface Tensions of Ice Cream Mixes Containing Three Ounces
or Less of Gum Tragacanth (In dynes).

Lot I. Lot II. Aot III.

Stabilizer Average
and Amount Surface Surface Surface Surface
Use e ensio Iension Iension
0‘5 0%. Gum 44.1 44.7 45.5 44.8
1.0 oz. Gum 45.2 45.0 45.0 45.1

1.6 0z. Gum 45.0 45.4 46.1 45.5
2.0 oz, Gum 45.0 47.0 47.0 46.0
2.5 0z, Gum 45.0 47.0 47.7 46.6

5.0 o3, Gum 45.1 48,2 47.% 46.9
4.1 oz. Gelatin 47.5 45.2 ' 46.8 46.4

Control 4.4 45.2 45.7 44.4
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¥hi of canth ess
The addition of gum tragacanth to the ice cream did not have any
noticeable effect on the time of freezing, as shown in Table VIII. Even
when as high as seven ounces of the gum were used no deleterious action
was noted.

Table VIII. Average Freezing Time of Ice Cream Mixes Containing Vary-
ing Amounts of Gum Tragacanth (Time in mimtes and seconds).

Gelatin Control

0.5 oz. 4155 5:00 5:00
1.0 osz. 4:57 5300 5:00
1.5 oz. 4:75 $:00 5:00
2.0 oz. 4374 5:00 5:00
2.5 os. 4:58 5:00 5:00
5.0 oz. 4:40 5:00 5:00
4.0 os. 2128 2:85 8:00
5.0 oz. 2:25 2386 5:15
6.0 0z¢ 2126 2:81° $:06
7.0 ose. 2:30 2:31 5:056

Ice cream containing four ounces or less of gum tragacanth incorpo-
rated air with as much ease as ﬁid the gelatin sample. There is a direct
relationship between the amount of gum used and the quickness with which
the overrun is obtained; i. e., as the concentration of gum increased, the
time to secure 100 per cent overrun is also increased. Table IX gives the
average results of the overrun determinations, and Tables LXI to LXIV give
the overruns by batches for Lots I, II, III and IV.

The results shown point out that the samples containing three ounces
of gum or less whipped considerably more rapidly than the gelatin sample,
with the control sample being superior in this respect to any of the samples
containing a stabilizer. There was practically mo difference among these

samples as to the maxisum amount of air that could be whipped into them.






However, when more than five ounces of the gum were used, the maximum
amount of air incorporated was decreased, while the sample containing seven
ounces of gum failed to secure 100 per cent overrun in 16 minutes of whipping.

Chart I is plotted from the data given in Teble IX and illustrates the
detqrrent effect on overrun of larger emounts of gum tragacanth. In the pre-
ceding discussion, it was moted that the gum greatly increased the viscosity
of the mix. It is, probably, the enormous viscosity of mixes containing more
than four ounces of the gum that hinders the incorporation of air rather than
the effect of the gum itself.

of Ice Made acanths

In the study of gum tragacanth, the first consideration was to find the
amount of the gum that would make an ice cream of equal quality with that
made with gelatin. Three series were processed in which the amounts of gum
varied from 0.5 ounce to three ounces. The scores for these three trials
are given in the following table, which notes also the comparative quality of
the samples after the one week and three week storage periods.






Table IX. Average Overrun by Mimtes of Ice Cream Mixes Containing
Gum Tragacanth in Varying Amounts.
Batch No.

Minutes 1 25 4 5 6 7.8 .9
0 78 69 59 35 28 25 20 61 69
1l 84 79 54 49 42 42 57 ée 80
2 o7 89 76 69 64 64 58 78 90
5 102 10l 97 88 84 77 68 90 106
4 109 106 12 1056 100 85 78 102 1
) 115 110 15 111 107 95 77 111 118
6 116 118 122 121 120 100 77 117 126
7 122 123 128 128 120 106 8% 126 128
8 128 128 1350 138 120 107 85 128 1352
9 154 128 138 134 129 109 87 130 135

10 152 130 1356 1356 130 12 87 1% 13586

11 154 1352 185 132 150 118 90 182 150

12 155 134 136 1352 1385 118 ) § 132 128

15 1355 134 136 151 iz 119 92 151 128

14 150 156 153 132 i 118 98 150 126

15 1%0 1386 15 1351 130 118 97 129 127

8 127 .. .A8S . A8, 151 150 118 .96 128 125

Batch Yo, Stabilizer Used
1 1 oz. Gum Tragacanth
2 2 os. Gum Tragacanth
3 5 oz. Gum Tragacanth
4 4 oz. Gum Tragacanth
5 5 oz. Gum Tragacanth
6 6 oz. Gum Tragacanth
7 7 oz. Gum Tragacanth
8 0.4% Gelatin
9 Control
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Table X. Texture Scores of Ice Cream Containing Three Ounces or
Less of Gum Tragacanth.

Stabilizer Lot I Lot II Lot III
and Amount Score Score Score

Used we S we L we 1 week 3 week
0.5 0z. Gum 20.5 20.5 21.0 21.0 21.0 20.0
1.0 oz. Gum 22.0 21.5 21.5 22.0 21.0 21.0
1.5 oz. Gum 22.5 21.5 22.0 22.0 21.5 21.0
2.0 oz. Gum 22.5 22.0 22.5 22.5 21l.5 21.5
2.5 oz. Gum 25.0 22.0 22.5 22.5 25.0 25.0
5.0 0oz, Gum 25.0 22.5 25.0 25.5 22.76 25.0
Gelatin (o") 25.0 25.0 23.0 22.0 22.5 25.0
Control 20.0 2.0 19.0 20.0 19.0 19.0

The criticism for the scores is as follows:
Score 25 or above ..... excellent, smooth.
Score 22.5 t0 285 +.... satisfactory, good.
Score 22.0 to 22.5 «.... 8lightly coarse.
Score 21.0 to 22 «.... coarse, friable, weak bodied.
Score under 21 eseees Very coarse and icy.

These results show that, in genmeral, the samples made with about
three ounces of the gum compare favorably with those made with gelatin.
They were characterized as being smooth textured and showing perhaps more
firmness and cohesion than did the gelatin samples. It mey also be moted
that they possessed comparatively good quality even after <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>