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INTRODUCTION

The ice cream industry, in the laet few years,
hes had such & tremendous growth thet it must be placed
among the most important divisiones of dairyinge. Experi-
mental work on ice creem has not kept pace with the
growth of the industrye This is especially true of work
which has a8 its goal the discovery of proceeseg which
are conductive to qualitye The ice oream maker is vital-
ly interested in the production of & high quality product,
not merely becauge it ie hie ambition to be &ble to
place a better product on the market than his competitor
does, but becsuse, from an economic point of view, he 1is
forced to menufacture a quality product to hold and in-
crease trade. It is no ionger a question of choice with
the 1ce cream manufacturer. If he i to establish and
meintain & reputation for his-product, he must produce
one which will meet the reguirements of the moet critical
consumere It was to determine some of the factors which
influence qﬁality that thie work hee been conducted.

Most of the informetbon available concerning qual-
ity in ice oream ig to be found only in text books or
trade Jjournals. Usually only bold statemente are mede,
which are, for the greater part, merely the idees of the
authors and are not substantiated by experimentel work.
Some of the etatemente gleaned from such sources seem

from their very nature so erroneous that an sttempt has



been made to either verify or disprove theme. The work

hes been confined to the effecte of viscosity on quality.



REVIEY OF LITERATURE
Viscosity

Viscosity, &8s defined by Getman (1), is the
resisteance experienced by one portion of a liguid in
moving over another portion. Hatschek (2) defines it
as the resistance offered to shearing, to stirring,
or to the flow through a caéilllry tubee It is known,
in the ice cream mix, as the stickiness or'body of the
mix, and, sccording to Manhart (3), is desirable in
that it is largely responsible for the body, texture,
and melting reeistance of ice cream.

Viecosity hae often been coneidered the most
important faotor in determining the quality of ice
oreams. Writers have no doubt been prone to give more
credit to this factor than it merited, as ie eshown by
8 review of the work which hae been done.

The statement has often been made that the greater
the viacosity of the mix, the better the ice oream will
whip, or, the larger the amount of overrun that can be
whipped into ite. Zoller (4) holds that this is not the
cagse, He found thet the viécoaity of the mix may be in-
creased to a Jelly by the use of gelatin without ine
creasing the yield of the mix. On the other and, he
found that a very thin mix will have an overrun or yield

capacity twice as great as the high viscosity mix, and,



if correctly hardened and stored for serving, will

hold the enmeshed air without frothing when melting

" down in the dish. 2Zoller believes that the chief

physical faotor in maintaining the proper yield of
ice creem is not viscosity, but adhesivity. He found
that the adhegivity of the ice cream mix can be in-
creased by the addition of more milk protein or other
protein wh;ch does not set to a Jelly as does gelatin.

Mortensen (5) disagrees with Zoller in regerd
to the effect of viscosity on overrun. Mortensen states
that pasteurization reduces the viscoegity of milk and
oream, and if the mix is frozen soon after pasteuriza-
tion, the product will not enmesh or retein as much air
a8 would have been the case had these ingredients been
aged.

Investigators sre united in the view that viscos-
ity hes a wholesome effect upon body, texture, and
melting resistence of ice cream. Mortensen (5) states
that pasteurized oream, due to low viscoeity, affords
less resistance to churning than does unpasteurised
cream., By holding the cream within a few degreei of
the freezing point for twenty-four hours before it is
frogzen, viscosity is increased end the formation of
butter particles is less prominente.

According to Manhart (3), the body of ice cream
coneists of air celle with e&mall portions of frosen mix

between them. If the air cells are emall and numerous,



these portione of mix will be finely divided and emell;
the ice crystals will be very minute; the texture smooth;
and the body firme Since a viscous mix offers more re-
gistance to the incorporation of air than a lese viscous
mix, the air ie incorporated with difficulty and the eair
cells are smeller. Thuse, viscoeity of the mix influences
the body and texture of the ice cream.

Gelatin has been found to have a great influence
upon the viscosity of the mixe There has also been found
to exist a wide difference in the viscosities of aged ice
oream mixe8 of like composition but conteining different
gelatins,

Manhart (3) added 0.6 of 1 percent of three differ-
ent gelatins to ice cream mixes of 8 percent fat end 34

percent total solide content, with the following results:

Mix Conteining Viscosity comperative DPercent in-
to water at 156° C. crease in

viscosity
of geletin
mixes over
control
mixes

No gelatin (control 1l.67

Poor quality gelatin 4,09 144.9

Good quelity gelatin 10.90 862.6

Very good quality gelastin 156,60 834.1

Manhart's (3) results show that equel amounts of
a good quality'gelgﬁin increased the vigcoeity of the
mix to nearly three times that of a similar mix contein-

ing a poor quality gelatin, snd thet a mix contéining a
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very good quality gelatin wase nearly four times more
viscous. The mix conteining the poor quality gelatin
wag two and 8 half timee more viscous then that con-
taining no gelatine.

The only conclugion that cen be drawn from the
work on viscosity is that not enough is known about the
gsubject to enable one to exprese an opinion for or
againet it. This is well expressed by Clayton (6), who
8ays, in speaking of the relationship between viscoseity
ard overrun, and body and texture in ice cream, "It is
really an open question whether viscosity can be ueed

as a 8ole measure of these qualities”,
Gelatin

The history of geletin menufgcturing detee back
many years. It has evolved from avery crude process to
such a state of perfection, through the application of
chemical as well a8 engineering science, that the indus-
try may well be proud of ite progreses. Gelatin is made
from bones, hides, tkins, tendons, horn piths, tannery
trimmings, and commective tieeue from the animal bodye.

Gelatin has been used in the manufacture of ice
oream for the last forty years (7). It was early found
that ice cream needed the assistence of some protective
colloid to prevent the formation of ice orystals and to

produce a smooth, firm bodied product, resistent to



melting. Since gelatin answered the purpoces admirably,
it has become the most widely used stabilizer in the
ice cream industrye.

Other substences, a& gum tragacanth, Indias gun,
agar agar, vegetable gelatins, and commercial ice cream
improvers, which consist essentielly of gums, rennet
and pepsin and combinations of theee materisls, are
uged to an extent, but their use it not eo widespread
as is that of gelatin. Parfitt (7) points out thet
approximately 8,000,000 pounds of this product is
annuslly consumed by the ice cream industry.

Zoller (4) states that Alexander's (8) efforts
are largely responeible for the use of gelatin in ice
cream, Alexander not only found that the use of gela-
tin reduced the iciness, caused by formation of crystals
in ice cream, but also that an increase in the colloidal
protection of the casein by the gelatin greatly in-
creased ites digestibility (9). He also found that
gelatin has the ebility to-emulsify the fat, which
causes it to be dispersed thfoughout the ice cream mix
in tiny globules in which state it is more digestible.
Downey (10) (11) =greee with Alexander concerning the
food value of gélatin in ice cream. The work done by
Alexander and Downey proves definitely that from the
standpoint of hutrltion, gelatin is & very valuable
ingredient in the ice cream mix, However, &ince only

emall amounts are added to ice cream = ueuslly 0.5 per



cent - the food value added to the product from this
gource ie negligible., It is the inocreased digesti-
bility of the ocasein and fat which are important.

Gelatin in ice oream prevents the formation of
ice oryetals, inoreases the viscosity of the mix, there-
by giving body to the ice cream, and renders the ocream
resistant to melting. As expressed by Bogue (12), "the
advantages attained by the use of gelatin in ice cream
are found in the three col}oidnl properties of the sub-
etance; first, the ability of gelatin to produce a
Jolly at low temperature; second, the protective nature
of gelatin, which prevents, or greatly diminishes, the
tendency of other substances to crystallize or separate
from the mixture; and fhira, the ability of gelatin to
function as an emulesifying agent, and &0 render more
permanent the emulsion of the milk fat in its aqueous
medium”.

Zoller (4) and Masuroveky (13) point out that
gelatin causes the cream to freese quicker when the mix
is frozen in a power freezer. Gelatin acte like sand
and other abrasives in preventing the supercooling of
the mix, and by this rapid and stesdy freezing cauces
the ice orystals to exist in a finer stete of division.
In Zoller's work (4), in each case where supercooling
was provehxed, the éroduot was very smooth and free
from noticeable ice orystals.

Masuroveky (13) deduced from his work on orystal-



lizing lectose in water solutions and gelatin solutiones
that gelatin tends to prevent sandiness - the orystalli-
sation of lactose - in ice oream. However, Zoller (14)
found that gelatin helped rether then prevented the for-
mation of lactose orystals in an ice cream mix containe
ing nore than the safe 1limit of lactose - the lactose
contained in 10.5 to 11 percent normel milk &o0lids not
fat. Lucas' work (15) on the effect of gelatin and im-
provers upon sandiness bears out Zoller's results.

A good gelatin, as defined by Parfitt (7) and
Burke (16), is made from carefully selected stock, has
high jelly strength, goes into solution and eolidifios
quickly, has low agh content, ie clean, and has no in-
offensive odor; it is clear, bright, and its solution
is straw colored; it is neutral or nearly neutrsl, has
& low bacterial count of not to exceed 5,000 and no B.
coli types, and is without chemical or phyeicsl impuri-
ties. The fedoeral law states that gelatin must not con-
tain more than thirty parte per million of copper, one
hundred parts per million of sinc, twenty parts per
million of lead, one and four-tenths parte per million
of arsenous tri-oxide, or more than three hundred fifty
parts per million of sulphur dioxide.

There is probably no other materisl which is manu-
factured on such a large ecale a8 gelatin thet is lees
gtandard in quality. The different batchee made from the
game kind of materisl, by the same manufacturer, and

given identical grades vary considerably in quelity.



This has made it desirable to purchese geletin by sample,
the purchaser using some test for determining quelity.

Bxperimentalists have long sought for a gelatin
test which would reliasbly indicate quelity. The result
ies that many hsve been developed, some of which give com-
paratively good resulte, while othere are practicelly
valuelegs, especislly from the standpoint of the ice
cream mskere, Many of the tests sre 8o complicated that
very costly apparstus and a treained technician are
necessary to operate theme

Hall and Houts (17) state that the following tests
are indicative of those qualitiee of gelatin in which the
ice cream manufacturer is intereeted; 1. Jelly Strength;
2. Viscosity; 3. Swell; 4. Clarity; 6. oOdar;
6. Bacteria; 7. Ash; 8 Acidity; 9. Moisture;
10, Metellic Impurities; 1ll. Storage; 12. and
Mioroscopic. Williems (18) and Manhart (19) have slso
used another test, the "Melting Tes&t™ in their determina-
tiong of quality in gelitin and ite relation to viscoeity.
The "Jelly-Velue" test as described by Burke (16), Turn-
bow, (20) and Parfitt (21) and the "Preezing" and "Melting"
tests as given by Turnbow (20) are ealso used. A descrip-
tion of theee various tests follows.

Jelly Strength Tests. The Jjelly strength test,

which embraces tests of meny kinde, is probably the most
widely used method of determining the quelity of gelatin.



It i8 based on the principle thet if a number of

gelatin samples are put into eolution at & given
concentration (22) and allowed to chill or set, the
value of the gelatin will, in general, be proportional
to the relative resiliency of the jellies a0 formed.

The principle of all jelly strength teste is essentialy
the same, with the exception of the meane of testing the
gtrength of the jellye.

The finger-test (22) which ie the oldest and most
used test for Jelly conéistency, merely consists of com-
paring the different samples of gels st the same concen-
tration, the ssme temperature, and in the same sige and
shape conteiner, by preesure with the fourth finger of
the left hand. A comparieson of their resiliency is
mede in this manner. As expreseed by Alexander (23),
the personal element is naturally a factor with the finger-
teat, but it is speedy and useuelly conesidered sufficiently
aocnrafo for commercial work. Smith (24) states that the
greatest trouble with the finger-test ie that samples cen-
not be accurately compared when teeted at different times,
end aleo that the human element is too strong for the test
to be very accurate.

Lipowits (22) devised one of the earliest subeti-
tutes for the finger-test. The principle of the test was
the determination of the weight neceesary to cause a thin
disk to penetrate the surface of a jelly. Thie test has
been the basis of many modifications. Kissling's (22)
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test, based on noting the time taken for rode of certain
weightes and dimensione to penetrate and eink through the
jelly, was one of the next tests devised (about 1893).
Valentia (22) improved upon the tests of Lipowits and
Kissling. His test was similar to that of Lipowits ex-
6ept that a rod was used instesd of a diek.

Scott (22), in 1907, invented an important modi-
fiocation of Lipowitz's inetrument. His tester messures
the pressure necessary to break the surfsce of the jelly
by a coniocel shaped rod on & spring balanc@.

Hany testere have since been invented which el ther
work on the principle of determining the weight nececsary
to rupture the surface of the Jjelly, the time taken for a
rod to eink through the Jelly in a container, or the
amount of depregsion of the eurface cauted by a certain
weight. The latter type ies by far the more common. The
testers of Hsll end Houts (25) and Burke (16), which are
in moet general use among ice cream manufacturers today,
operate on thise principle.

BE. S. Smith (26) in 1909 wae granted a patent on
& tester which measured the preseure nececsary to depress
the Jelly & certain amount.

C. R. Smith (24), has devised two tests for the
Jellying power of gelatin. The first, which measures the
depregeion of the jelly by a definite amount of suction,
is a very simple appsratus. Very good results were ob-

tained with thie tester. Hie second method which employse
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the polasriscope to measure the mutarotation of the gelatin
golut.one, seem8 to give good recsults, but ie too compli-
cated to be practical for the ice cresm makere.

According to Bogue (22), the only instrument which
has been devigsed that is truly scientific and gives gbeo-
lute resulte is the one developed by S. E. Sheppard (27)
and hie colsborstore, Sweet and Scott. The materiel is
tested for torsional etress. The prepared solutions are
molded into oeylindricsl pieces and chillede Both the
"breaking load"™ and the percentage twiet at break are
determined. The pr oduct of the breaking load timee the
twist, dividod by the orose section of the teet piece, is
taken a8 the Jelly strength. This instrument is very
elaborate and costly, meking itse use, except in resgearch
laboratories, prohibitive.

A8 pointed out by Alexgnder in 1906 (22), all
methode, which depend upon the breaking or the compreesion
of jelly, are aubjebt to error due to the formation of a
"gkin™ on the surface, and also due to variatione in the
diemeter of the vessel containing the jellye. The tester
devised by Alexander %o doaway with this source of error,
which compresees blocks of jelly (29), never became very
popular, and experimental date does not prove it to be
more accurate then the other types.

Prom a review of the jelly strength teets which
have been devieed, it seems that the testers which eperste
on the principle of depression of the jelly surface by a
definite weight are best adapted to the use of the ice



12

cream manufacturer. These tectere are usually guite simple,
relatively cheap, and their resulte compare very favorebly
with those which are more complex and costly.

Viscogity. The viscosity of gelatin soluti-ns is
often used as a test for guslity. This te8t came into use
at about the same time the jelly strength test was origi-
nated, and ite uee hss continued, although it has never be-
come a8 popular as this latter test.

The Saybolt, Engler, snd Redwood viscoeimeters were
originated in the United States, Germany, and England respec-
tively, amd at about the same time, the latter part of the
nineteenth century. (22) These operate_on the principle of
the determination of the time required for a definite amount
of liquid to flow through & eghort capillary tube at a defi-
nite temperature. Viscosimeters of this type have been
found to be rather inaccurste for gelatin.

Another type of viscosimeter which came into use
was8 an ordinary 50 c.c. pipette of a definite size bore.
According to Bogue (22), Fernbsck, and Alexander were the
first investigators to’develop this type of instrument.

It has the same disasdvantages found in the cshort capillary
tube instruments.

The Long Capillary Tube, Centrifugal, Rising
Bubble, and Falling Sphere viscosimeters of varying typee
have been developed 8ince the pipetie type of instrument
was8 proposged, but none of the latter types have become
very populare.

The toreion type of viscoeimeter, which employe
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an oscillating cylinder or disk, ie perhaps the mogt
popular type of instrument for the determinati on of
vigcosity in use today. AS given by Bogue (22) the
Doolittle, Couette, Stormer, and llacllichesel viscoei-
metere are notable examples of the toreional type.
Although these instruments are subjeot to criticisem,
they are favored in most scientific worke

Garrett (30), in 1903, used a torsionsal type
of viscosimeter for determining the viscoeity of gelatin
solutions. He ies the firest investigator who reports this
type of work, but his resulte are not aveilable.

Hall and Houts (17) report testing gelatin solu-
tions for viscosity by meane of a 50 @.c. pipette, the
temperature of the solutions being exactly 190°. The
time taken for the pipette to empty was taken with a
stop watch, and this compared with the time taken for
water under identical conditions. They found that by
this method the true results were not always eshown, no
matter how careful and accurate the operator may be.
Clear, bone gelating gave a lower viscoeity than normel,
while opaque hide gelatine gave a higher viscoeity read-
ing than would be qxpeoted from their Jjelly strengthe,

Bogue (“1) found, in his study of the influence
of hydrogen ion concentration on the ewelling, viscosity,
jelly consietency, foam, turbidity, and slcohol number of
gelatin, that on the acid side, the maximum viscoseity and
gwelling occur at a pH of 3.0 to 3.5, while the maximum
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. Jelly consistency is at a pH of 4.0 to 4.5. If acid is
present in exceee of the optimum gpecified, these proper-
ties dedline, while they rise with increaeing alkali con-
centrations, but only at very high veluee of hydrogen ion
concentration do they approach those reached on the acid
eides The accompanying chart, No. I, shows graphicelly
the effect of hydrogen ion concentration on the viecosgity
and Jelly strength of gelatin. It brings out conclusively
that different degrees of acidity in geletin do not affect
Jelly strength and viscosity in the same way. A geletin
would not always test equally high by both methods. These
recults of Bogue agree very well with those publiched by
Loeb (32).

From a review of the work on testing gelatin for
quality by the viscosimeter, it would seem that the test
18 not sufficiently accurate to be relied upon.

Swell. When gelatin ie added to cold water, it
imnediately absorbs water o that each particle swelle to
goveral times ite origional sige. Since it is one of
tlie »rimary functione of gelatin in ice cream to eurround
the water particles, it secms8 that the besgt gelatin would
be the one which ehows the greatest ewelle Hall &nd Houtz
(17) give a very satisfactory method of testing gelatin
for swell. A quarter ounce of gelatin is poured on top of
five fluid ounces of water in a gradusted glees and sllowed
to stand fifteen minutes,s It is then stirred vigorouely
for one minute. The emaller geiatin einks to the bottom,

ite top forming a definite line on the glass. The top
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line cen be read in ounces of gelatin ewell. They found
that about two out of ten "ewell readings" were diepro-
portionate with their jelly setrength. They consider
this test unreliable.

Clarity. lany writere cleim thaet clarity is a
very good test for quality in gelatin. Msnufacturers
aleo plece much stress upon this in their advertisinge.
However, no one has proved that the clearer the solution,
the better the gelatin. Clearnegs ie merely an indice-
tion that the gelatin manufacturer hee removed from the
60lloidal gelatin other finely divided or colloidal
matter which wouldmake the gelatin turbid.

A 1light colored gelatin is ususally conceded to be
derived from high grade stock while a dark color is
attributed to heating too high, improper boiling, or
meking from inferior etock. Hscll and Houtz (17) state
thet thie is not the case; that color is due to the
bleaching or lack of bleeching of the geletin. Thie would
lead to the couclusion that clarity and color are cuite
insignificant factors in determining the quelity of gelatin.

Odor. lany gelatins have unneturel, gluey, or
putrid odors which make them ¢uite undesirable for consump-
tion. According to Hsll and Houtz (17), such products should
be barred from any food such ae icecream. They find that
gelatine giving off such odors ususlly represent products
which are high in bacteria snd which are made from inferior

gtock. Burke (16) supports these other investigators in
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thelr stand that gelatins with strong odors should not be
uged. He statee that gelatin solutions cen best be tested
at 1409 to determine the presence of undecsirable odorse.

Ash, According to Hell and Houtz, the ash content
is usu=lly determined by heating two grame of geletin in a
large platinum orucible. Thie test ie used only by chemists
in analytical work, and ig of 1little practical velue to the
ice cream maker. It merely discloses impurities or careless-
ness in manufaoturé, and has no relation to other tests which
indicate the strength of a gelatin,

Acidity. The view has been edvanced by many writers
on gelatin that poor quality is associsted with high scidity.
vatements to thies effect are often found in text books, but
like other writers, these suthors present no eixperimentel

data to substantiste their claims,.

The reason given for the undesirability of acidity
in gelatin is that the acidity of the mix will be rsiced,
toereby increasing the dsnger of curdling. Burke (33) con-
ducted experiments adding various amomnts of high ecid gda-
tins to sweet milke He found that quantities of gelatin of
0.5 to 1 per cent would not csuce curding of sweet milk,
but it did increese the acidity of the milk to the danger
pointe Lucas (34) found that when milk, instead of water,
1s used as a solvent for gelatin in ice cream msking, tiioee

gelatins oI high acid content often cesuse curdlinge.
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Hall and Houtz (25) state that the greateet
jelly etrength and viscosity sre ettined at or near the
netural vointe The results of Shepperd asnd Sweet (27)
ggree with this. They have definitely found s neximum
of viscosity at pHyp to 9, and the indicetions are that
the same is true with jelly strengths, but tley are not
vet satisfied with the relatonship found betwecn these
twoe

There are tw general methods of tesfing gelating
for acidity, the hydrogen-ion determination snd neutrali-
zation with sodium hydroxide. For strictly scientific
work, the hydrogen-ion determinati on is the better method, .
but costly apparstus and technicel training on the psart
of the operator are reguired. This tegt is applicable
only to research laboratoriee or lesrge ice cream plants
which employ a chemiet,

A test which is bssed on the neutrslizastion of
the acid in gelsastin by €odium hydroxide is & modification
of the llsnn's acld test (35), employed in creameries in
testing crean for sciditye. In conducting the test, the
acid content of the gelatin is considered equiveslent to &
like amount of hydrochloric scide The method given by
Barke (16) has been found to be in error, due to a micstake
in his formulse By the correc:ied formula, th¢ percent of
acid in gelatin méy be co.iputed ss follows:

c.c n/10 alkeli used x .00365 x 100 = percent acid
gme. gelatin used

Burke (16) found that testing the gelatin in & 10% e€olution
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at 1400 F. gave very good results.

The work which has been done on acidity eeems to
indicate that excescsive acidity in gelstin is undesirable,
becaute it endengers the curdling of the ice cream mix
and it lowers the Jellying power of the gelatin.

Moisture. The percentege of moisture in gelatin,
according to Hall and Houtz (17), may be determined by
heating a weighed smount of gelétin to constant weight at
1000 C,

Burke (23) states that different samples of gelatin
vary in moisture content from 10 to 17 percent, and the
higher the grade of the gelatin, the more moisture. This
is no doubt due to the fact that a good grade gelatin cen
absorb more water then one of a poorer quslity.

The work done on moisture is insufficient to draw
any conclusione, but since the nanner of storing the product
and the length of holaing could vary the moisture content
coneiderably, it seems that this test would not be particu-
larly valueble.

Metallic Impuritiess Tests for metallic impurities

in gelatin are too complicsted to be conducted in moset ice
oream plants. ©8ince the state snd federel pure food laws
an»ly protect the ice cream maker from thie point of view,
there is no need of him conducting theee tests. The

federal law reguires that gelatin ghall not contain more
then 30 pearts per million of copper, 100 parts per million

of zinc, 20 parts per million of lead, l.4 parts per million

of arsenic oxide, and 350 parts per million of sulphur
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dioxide.

Storage. Hall and Houtz (17) conclude from their
experience with gelatin, that it may be kept in dry storage
without danger of deterioration from either atmospheric'
conditions or bacteriel growth. This makes it necesgsary
to exclude only fliee, dust, etc. in etorege. If 2 gelatin
deteriorates in storage, when thece conditone asre csred for,
it is an indication that the quality was inferior.

Miecroscopice It has been found possible by Hell

and Houtz (17) to grade'gelatin fairly accurately by mesans
of the miscroscope. They found that particles of low gradb
gelatin apneared glessy, having emootily, rounded esurfaces
and 1little, if any, line formati one Throughout the msss
were found dark yellow tints. The eurface often showed &
rough gstructuree. High grade gelatin psrticles showed a
beautiful, wave-like, delicsate line formstion of the
fractured surfaces. They were nmore clear, showing an abeence
of yellow tintse The'particlee were more uniformly pene-
treted by light rays, seldom showing extremely derk sections
or glassy surfaces. These workers found that some gelatins
do not lend themselve8 to thies test and they do not consider
it universelly applicsable.

Melting Tests Several investigatore have judged

the quality of gelatin by the resigtance to melting of ice
ocream ih which it is an ingredient. Williams (18) placed
two, three gallon cane of ice cream, one without gelatin

and the other containing the normal amount, in sn ordinsry
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ice cream csbinet in a warm room for 48 hours. At the
end of that psriod, the ice cream conteining no gelatin
had lost ite identity, while the sample with no gelatin
was unchanged.

Manhart (19) also used thie test in his experi-
ments. He frose ice cream with no gelatin, poor quality
gelatin, good gquality gelatin, and very good gquality
gelatin, and melted bricks of each at 86° P, His results
are given on the accompanying table.

Hell and Houts (17) found that gelatin does not
retard iolting in {ce 6roil, They conducted their exe
periment in a marner similar to that of Williams (18),
but found slight difference in the melting of the two.

From the date presented, it seems that opinion
is divided as to the effect of gelatin upon the melting
of ice oream. However, the majority of investigators
found that ice cream without gelatin melts faster than
ice oream with gelatin.

Jolly Velue Peste The jelly value teats, as
desoribed by Burke (16), Turnbow (20), and Parfitt (21)

are all essentielly the same. Concentrationeof the
gelatine are prepared in test tubes, ranging ueually

from 0.4 percent to 1.0 percent. The gelatin is dissolved
in a wmater bath at 1400 F., eand is then eooled down to

500 P, After this tempersture has been maintained for
gome time - at least 30 minutes - the tubes are inverted
to note the minimum concentration which hae solidified

sufficiently to not run oute.
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All writers seem to think this a very good test,
but the large number of weighings required make it de~
cidedly tedious.

Preesing Test. Turnbow (20) desoribes a test

for gelatin wherein definite strength solutions are frozam,
and the frosen product examined physieally. He found that
poor gelatins make long, spiny orystals, while good grades
meke emall, mealy oryetals.

It seems that this test could hardly be very
accurate in rating gelatins eimilar in quelity, and also,
some gelatins, because of various reasons, might not lend
themeelves to this test. This test, then, could hardly
be considered very latilfudtoty.

Melting Test. The melting point of the Jelly of

a given gelatin has often been regarded of importance in
determining it's value. Bogue (36) has found the melting
point and jelly strength to be parallel functions.
Purnbow (20) has devised s simple melting test.
He places beakers containing jells at the same tempera-
ture in a water bath at 1000 F. and maintains thie temera-
turé in the bath throughout the experiment. The time
that each sample requires to sssume the liquid state is
taeken. He found thet thie test gave very good results.
The investigators of today have quite genereslly
decided that, among the tests for gelatin, the Jelly

strength test reigns supreme. Throughout most of the



published work, other teats are compared with this test
a8 being the anfhentic one. The general opinion ie,
that a jelly strength test, along with some kind of a
bacterial count, givee a very good idea of the value of
a gelatin.

Bacterial Count. Studies have shown that ice
cream miy be highly contaminated with bgoteris. Since

large numbers of bacteria are always undesirable in any
dairy produnct, the ice oream manufacturer should reduce

the number of organiems in his produet as much as possible.
A fow cities have passed bacterial standards for ice

cream, and others asre studying the situstion in order

that an equitable ruling mey be mede.

The studies of Ellenberger (37) and Hammer (38)
showthat milk, oream, and condensed milk are the most
prolifie sources of bacteria. They found that this con-
taminaton could be greatly reduced by pasteurisation.
8ince these products are the chief 1ngrodientl.of ice
oream, and they are quite commonly highly infested with
bacteria, it ie logical that the bacterial flora of ice
cream should consist essentially of those organisms
found in them.

Ayers and Johnson (39) examined in Washington,

D. C., 94 samples of ice oream during the summer months
and 91 samples during the winter months. In the summer,
they found the average count to be 37,859,907, with &
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maxium count of 510,000,000 and a minimum of 120,000,

In Winter, the average count was 10,388,228, the maximum
114,000,000 and the minimum 13,000 bacteris per ocubie
centimeter., These investigators found that there were
five groups of bacteria in ice oream. The percentages
of the various groups, together with the calculated
number and percentage of each is given in the following
tabdble:

Summer Samples Winter Samples

Baoterial Average Average  Average Average
Groups noe 0 group no. of group

bacteria percen~ bacteria percen-
per 6.C. tage per co.  tage.
Acid-coagulating 18,861,806 49.88 3,203,728 30,64
Aocid-forming 7,644,676 80,78 3,950,641 38.03
Inert 5,292,816 13.96 . 499,678 4.81
Alkali-forming 704,196  1.86 568,042 5.42

Peptonizing 5,166,619 13.62 2,171,138 80,90

Potal 37,859,909 100,00 10,388,322 100,00
The baocterial groups have much the same relation to
each other in the winter and summer samples. The summer
samples showed & higher percentage of the acid coagulating
group and a lower percentage of the alkali and peptonising

groups than did the winter samples. However, since there
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was 8 lower average count in the winter, there were
fewer of these last two groups than in the summer samples.

Gas forming bacteria of the colon aerogenes group
were determined on litmus-asparagin agar on 88.33 per
cent of the samples tested. The average number in the
entire series of samples was 16.298 per cubic centimeter.
The presence of any considerable number of members of
this group in dairy prodncts is looked upon with suspi-
cion, since B. typhous belongs to this group and it is
associgted with fecal or decaying matter.

Bllenberger (37) and Hemmer (38) found that there
is no radical chenge in the total number of bacteria in
ioe cream during storage. Ellenberger reports a slighs
decrease during the first two to four days, with s more
noticeable inerease and then a corresponding decrease
between the fourth and twenty-first day, after which
fino. a falling off in numbere was again noted.

Rllenberger found that aside from the utensil
contamination, which is negligable, there is usually a
great increase in the number of bacteris resulting from
the freeszing process. This is probably due to the break-
ing up of bacterial clumps. He found an average increase
of 48% in baoterial count due to the freesing process.
Gordon, Prescott, Heinmann end Pease (40) obtshed similar
results. | -

To determine the importance of gelatin as a source

of bacteria in ice cream has been the object of consider~-
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able research. Many investigators have found that gelatin
onntains large numbers of bacteria. However, the effect
of these organisms on the final ocount in the ice cream is
nos qitablilhod. Ellenberger (37), Hammer (38), Gordon
(41), Parfits (42), and Brannon end Tracy (43) have shown
that d1fferent brands ot"golntin varﬁ widely in the number
of bacteria they contain. Hammer examined a number of
samples of gelatin and after dissolving them with gentle
heat, plated them on agar. The following table eshows the

variations which he encountered:

Sample Bacteria Bacteris in 1 e¢.c.
number per Gram ice oream due to
gelatin

1 113,000,000 565,000

2 14,000,000 70,000

3 3b 0.2

4 4,200 21

5 86,000 488

The results in column three were derived by multi-
plying the number of bacteris in a gram of gelatin by
<005, sinoce 0.6% gelatin is commonly used in ice oream.
This calculation means little, since the volume relations
and the number of bacteria killed by heat are ignored.

The variations in bacterial count of different

gelatine as reported by Hemmer compare iory favorably
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with varistions reported by other experimentielists.
Brannon and Tracy (43) found that, in general, the grades
within the different brands ran fairly uniform in
bacterial count. This lead them to conclude that the
method of manufacture is a very importmmt factor in the
number of bacteria present in gelatin.

Parfitt (42) found the organisms in gelatin to be
resistant to heat, cold, and drying to a marked degres.
He found Bacterium coli in all samples examined, the total
count being more than 5,000 orgsnisms. This orgenism is
associated with fecal and decaying matter, and, as ex-
pressed by Parfitt, to find Bacterium e¢oli in our city
water 1s considered serious. Parfitt also found smother
type of organiem predominant in gelatin, the liquifier or
protein digesting organisme Its presence is highly un-
desirable because it breaks down the protein into lower
protein compounds as amino acids, and renders the gelatin
uselees a8 a c60lloid and in jellying power.

Brannon and Tracy (43) found thet heating gelatin
%o 140 and 160° F. greatly reduces the number of bacteris
present, even though the gelatin mey be highly contaminated.
The efficiency of pasteurisati on seecms to be greater in a
water solution than in a skimmilk solution. Brannon and
Pracy (43) and Hammer (38) ooncluded, as a result of their
ltndioi. that the addition of gelatin to ice oream results
in a slight inorease in the number of bacteria, and that
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the use of high connt gelatin is undesirsble.

From s review of the data presented on bacteria
in ice oream eand the effect of gelatin on the count, it
is concluded that both ice cream sndgelatin contain
large numbers of bacteria; that it ie very decirable
to keep the bacterial count of ice cream as low °
a8 poseible; and thnf the nse of high count gelatins
should not be permitted in ice cream meking.
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EXPERIMUINTAL WORK

Object of Experiment

The primary object of this experiment was to de-
termine the effect of viacosity of the mix upon the quale

ity of ice creams of uniform swell.
Plan of Experimental Work

Procedure. Inasmuch as gelatin is an eseentiel
ingredient of ice cream and csuses in part the viscosity
of the‘mix, thie study of viscosity has been concerned
chiefly with gelatins.

In order to study the effects of different gela~
tins on the mix, seventeen lots of gelatin were obtained
from thirteen different manmufacturers and distributors.
Three grades were secured from one company, two from
smother, while one grade each of the other brende were
obtained. Many of these proved to be of extra high qual-
ity, while othere were only fair, and others, inferior.
However, since the purpose of thie work was not to de-
termine the best quality gelatin on the market, but rather,
to compare different gelatins with their differing viscos-
ities and their relative influences# upon ice cream, the
wide range in gquality of thegelatins gave a very satis-

factory group to use in conducting the worke
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The work was divided into two parts or divisions:

Part I, the freezing experiment. It was in this

work that the primary viscosity determinations were made.
The melting test, employed to determine the true worth of
the gelatine in the ice cream, wél included.

Part II, gelatin quality determinations. This con-

sisted of several tests for gelatin which were employed
upon the seventeen 8amples8. Theee mere then compared with

the melting test to determine their value.

Part 1

Freezing Expeiiment

In order to determine conclueively the effect of
the seventeen different gelatin samples on ice oream, an
ice cream batoch was prepared and divided into seventeen
portions of 22,5 pounds each. To each of these individual
mixes 0.12 of a pound of the different gelatins was added,
after having been dissolved in water and made up to 1.5
pounds. This gave seventeen, twenty-four pound ice oream
batches which were of exactly the same composition, other
than containing different kinds of gelatin.

The mix was composed of cream, skimmilk, skim-milk
powder, cane sugar, and the gelatin-water eolution. The

computed composition of the mix was as follows:
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) T RS § 1N I 4
Milk €011d8 Not fabeeccecccccacesesll00 %
BUBATesscccssccsccccssrccsscsssccsslde00 %
G01latiNeccsccoccccsrscscssccssascsas 05 %
Potal 801id8ccccceccccscccccovscceedTed %

The batch was made up in & pasteurizing vat. The
skim-nilk powder and sugar were mixed together and added
to the skimmilk and cream. The mixture was then pasteu~-
rised at 1450 for thirty minutes, after which it was
immediately cooled down to 110° P., viscolised at this
temperature at a pressure of 1600 pounds and run over s
surface cooler, where it was cooled to 700 F. with cold
water. The batoh was then divided into seventeen mixes
of 22,6 pounds each,

In the preparation of the gelatin, 0.12 of a
pound of each brand was weighed oute fThis was made up
to 1.6 pounds by the sddition of cold water. It was
allowed to soak for 15 minutes, gfter which it was put
in g water bath, the temperature raised to 1650° F., and
the gelatin thoroughly dissolved. The solutions were
immediately added to the respective ice cream mixes.

The mixes were aged for 42 hours at 360 F.
B-nplol'yoro then taken for viscodity determinations.
The mixes were frosen in a horisontal United States
freeser. The ice orean was drawn off at an over run of

80 percent, as determined by the Mojonnier over-run

tester. A quart brick and a pint container of each
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ice cream were taken, the formexr for the melting test,
and the latter to be scored for texture end bodye.

The viscosity determinations were made by means

of a Stormer viscosimeter. This is an instrument in
which a cylinder is caused to rotate in the liquid under
examination, through the influence of a weight. As the
rotation of the cylinder under the influence of any given
weight ie asssumed to be proportional to the viscosity .
of the liquid, the time is seconds taken for 100 revolu~-
tions of the cylinder is used as the measure of viscos-
ity. Water 18 taken as unity. therefore the gquotient
obtained by dividing the time taken in water gives the
relative viscosity in terms of water.

Samples of the mixes were taken for the viecos-
ity determinations immedistely before they were frozen,
and tested without delay. In conducting these tests, a
102.49 gram weight wae used. A temperature of 20° C. or
68° P, was maintained.

| The viscosity dterminations were made only on
the third, fourth, and fifth mixes. Dr. Miller, of the
Chemistry Bxperiment Station, Michigan State College,
made these tests. He considered the results of the
three determinations 8o conclusive that further work on
thie phase of the problem was coneidered unnecessary.

From the observations made in condueting the
viaoositj tests, it was noted that stirring the samples
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materially affected the resulting viscosity resdingse.
Accordingly, mix ©6 was treated in varying waye to de-
termine the effeot of stirring upon viscosity. The
samples were stirred in the usual menner, in adjusting
the temperature to 200 C, The readings were then made
as usual. Some of the gamplel were tested three or
four times, to note the effeet of the revolving cylinder
on the viaooaitj. Other samples were stirred vigorously
after the first viscosity reading, and then read ageain.
Part of the samples were only stirred slightly after the
first agitation to note the effeot of this treatment,
while othere were stirred vigorously, allowed to stand
a few moments, and then stirred elightly. These results
are later presented in tabular form.

The ice cream samples were scored for body and

texture. 4 sample having ideal body and texture was

given a perfect score of 25. To merit a perfect score,
it was necessary that the lampio be firm, free from air
bubbles, ice oryetals and sandiness; it could not be
snowy, powdery, or spongy; it mumet resiet melting end
have "body”™ when melted in the mouth; it must cut a
olean bore and pull out with comparative esse when the
trier was inserted. 8ince only very high quality gela-
tins could produce an ice cream capable of meeting these
requirements, it was coneidered a very good test for

quality in gelatin.
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The ice oream samples were placed in the sero
room immediately after freezing and were kept there
approximately a week, when they were withdrawn and
gcored. fThe samples were scored by Professor P. 8.
Lucas and the writer. |

The Melting Test, which consisted of melting

down the quart bricks of ice cream after they had been
in the zero room for three days, was considered by far
the most important part of the experiment, This test
was used as the confirmgtory test in determining the
beet gelatin. It gave definite results as to which
gelatin was most capable of producing an ice oreem which
could best resist melting.

In conduoting the melting test, a wire screen
with one;eighth inch meeh was stretched on a wooden frame,
2-1/2 by 6 feet. This frame wae pleced two and a half
feet from the floor of a 10 by 13 room, with all doors
and windows cloeged to prevent air currents. The tempera-
ture in the room was maintained at approximately 299 C.
(84° F.) throughout the melting period. The bricks of
1ce oream were placed on the soreen, approximately 6
inches apart. Each brick was placed on a piece of card-
board, the exact shape of the brick, in order to prevent
the melting due to the weight of the brick and its pressure
on the soreen. 4 nail was punched through the cardbosrd
into the center of the brick to hold the brick in pleace.
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Observations of the melting bricks were made from time
to time, and the exact time taken for each bdbrick to
melt was recorded.

This test is eepecielly valuable as a check on
the relation of viscosity to quality in ice oream.
Since the chief property of a good ice.oream, from the
standpoint of body and texture, is to be firm and re-
siest melting, thé different ice oreame could be rated
exactly by the time it took the bricks to melt down.

The seventeen mixes of ice cream were prepared
eix timel. Results were taken of the melting and
scoring each time. The melting ice oream bricks of the.
fourth, fifth, and sixth batches were photographed
approximately two hours after their exposure in the
incubation room. Theee photographs illustrate both
the differences in time and type of melting.

Part II
gelatin Quality Determinations

In order to compare the most common methods of
testing gelatin with the melting teast, a series of
gelatin tests or quelity determinations were conducted.
The resulte of the melting test were taken as showing
which gelatin performed its funotion best in the ice
oream. It was used as the basis of comparison for all

the other tests employed.
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The viscosities of the gelatin solutions were

determined by the use of the Mojonnier - Doolittle
Viscosimeter. This instrument is a modificetion of the
toreion viscoeimeter devised by Doolittle in 1893. A
metal sphere, faetened to a dial, ies suspended by a wire,
gbout twenty-five inches long, from the top of a goose
neck support whioch extende from the base of the instru-
mente. The wire fastens into a knurled nut at the top.
The metal sphere is lowered into the liguid to be tested
until it is completely ocovered. The dial 1a.then turned
clockwise through one revolution, etopping with the gero
degree in line with the pointer. The dial ie held in |
place by means of a lug and trip. When ready to make
the determination, the trip is released. Due to the
torque on the wire, the cylinder will revolve back to the
sero point and continue in the same direction a certain
distance, dependent on the viscosity of the liquid. The
degree at which the dial stops represents the viscosity
of the sample, expressed in degreee of retardation.

Since temperature exerts a large influence upon
viscosity, the solutions to be tested must be accurately
etandardiszsed as to temperature. The solutions tested
woere made up to a definite concentration, placed in a
refrigerator at 36° F. and left there over night. They
were withdrawn early the following day, adjusted to 700
F., and tested.

Different concentrations of the gelatins were

tried, in order to determine which gave the best results.
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It was found that 0.76% solutions at 70° F. gave very
good results, and the data presented on viscoeities was
obtained at thie concentration end temperature.

Jelly Strength. Investigators agree quite

generallj that the Jelly itrength test is the most
accurate method of testing gelatin for quality. These
gelatine were tested by memns of a Hall Jelly Strength
Tester, This tester, (Figure I) is a very simple devioce
and 1% no doubt gives as good results as any other tester
on the market.

There would appear to be some features of this
tester which are quise undesirable. The dial on the
ecale has only four mein divisions, each having ten sub-
divieions. Thie gives a total of forty pbasiblo valus-
tione for the gelatins. It was found that in the seven-
teen gelatin samples oxamined, the variation ranged from
1.2 to 2.8, a difference of sixteen marke on the scsalee.
This gives too many of the medium gelatins the same value,
or practically the same value, 80 that there is no
differentiation between their qualities. If the ecale
were made larger,so that values which ere identicel as
read on the present 8cale could be distinguished between,
the apparstus would be more valusble. Regardless of how
carefully the Jjelly strength teet 18 made, it is practicsal-
ly impostible to get identicel duplicate resulte. This
makes the apparatus undesirable for scientific purposes.
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There ies slso coneiderable tendency for friction in the
working parts, so special care muet be taken that it is
well lubricated at all timese.

The Jelly strength test, as employed, was divided
into three operations: first, putting the gelatin samples
into esolutinn; second, cooling the solution overnight;
and third, testing the Jjellye.

In putting the gelatin into &olution, a sample
was first taken from different portions of the container.
Thie was thoroughly mixed and 7.1 grame accurately weighed
out. Beakers were included in the ecuipment which have
an etched line nround-them. A beaker was filled with
cold water up to the line after which the 7.1 grame of
gelatin was added. The beaker is £0 graduated that this
produces a ratio of 1 part gelatin to 33 partes of water.
The mixture was allowed to stand for fifteen minutes, in
order that the gelatin might settle and ewell, a water
bath was heated to 140 to 150° F, and the soaked gelatin
placed in it. The gelatin soon went into solution. The
besker was removed from the water bath and placed in a
three gallon ice cream can. This can was placed in an
ice cream tub or pscker andi the tub filled with crushed
ice (without salt) in order that a temperature of 400 P,
mighi be maintained. The beaker was left in the ice cem
over night - approximately fourteen hours in thie experi-
ment -~ and then taken out and tested immediately.
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To make the strength determinati on, the tester
is placed upon the beaker., OCare must be takem that the
screw block rests upon the top of the lever, so that the
recording hand rests exactly at the zero mark. The
plunger is now lowered until the bottrm joint juet oclears
the gelatin surface. Thie can be accomplished beet by
lowering the plunger until ite shadow just meets the
gelatin,

The depression reading is secured by turhing the
lever, thus disengaging the plunger which allowe it to
fall by gravity onto the Jjelly. The jelly atrength is
read directly on the scale, the value being at thet point
where the top of the recording hand reets on the diel,

The jelly etrengths of all the gelstin samples
were run in duplicates The value of each sample wae
taken three times and the average of the three figures
ag the value.

Acidity Test. Bince the statement ies 80 commonly

made that acidity in gelatin ie undesirable, it was
deemed wise to determine the acidities of the different
gelating in order to learn what relationship exists be-
tween acidity and qualitye.

A modification of the Mann's Acid Test was used
to determine the scidities. This teet is based on the
principle of neutralizing the acid present with K/10
godium hydroxide, ueing phenolphthalein a® an indicator.
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The acid pregent in the gelatin is considered to be

oquivalent to a like amount of hydrochloric acid. The

percent of acid in the gelatine was computed by the

following formula:

M_IW_TT_x__i_O_C_)_S_G_S_ x 100 equals the percent
grams gelaiin use

socid.

In making the determinations, one gram of gelatin
was weighed eut and added to 15 cc. cold water., The gela-
tin was permitted to soak for approximately five minutes
after which it was dissolved in a water bath at 160° F,
Three drops of phenolphthalein solution were then added
and K/10 sodium hydroxide was dropped in from a burette,
until a faint pint color, which persisted for s minute ,
wag obtained. This was taken as the neutral point and
the number of cubic centimeters of sodium hydroxide re-
quired to produce this color was used in making the ocal=
culation to determine the percent of gcidity. Two acidity
determinations of each gelatin were made.

Clarity, Color, and Odor. When the gelatin solu~

tions were heated to approximately 160° P., immediately
before the acidity determinations were made, obeervations
woere made of the clarity, color, smd odor of the solutions.
The object in view was to find if any relationsehip existed
between these factors and gquelity in gelatin. The reesults
of these observatione are presented in tabular form in the
"Results” section of this paper.



42

Bacterial Counts. In order to determine to

what extent the gelatinsrwefe contamineted with bacteria
and how much each would conteminate the iee cream,
bacterial counts were made of esch gelatin sample. Theee
count8 were made by members of the Bacteriology Department,
Michigan State College. Milk powder agar end standard
agar wore'uaed a8 media. In meking these analyses, one
gram of the gelatin was weighed into a sterile dilution
flaske. S8terile saline solution was added to the dilution
flask until the desired dilution was obtained. The
gelatin was then melted in a water bath at about 500 C,
After 1t was melted, the flask was thoroughly shaken and
one cubio centimeter portions were immediately plated on
standard nutrient agar and milk powder agar. The plates
were incubated gt room temperature and counted gt the end
of forty-eight hours. The counts represent an average of
two plates, unless otherwise noted.

Pormentation Test., The presence of ligquifying

and gas ﬁroduoing organisms in the gelatin samples was
determined dy the fermentation test. To each of a series
of sterile tesat tubes, 10 cubic centimeters of sterile
water was added. Bamples of the gelatins were carefully
taken to avoid contamination, and 0.5 of & gram was
added to each tube. The gelatins were thoroughly shaken
up, allowed to swell for approximately 10 minutes, and

were then dissolved by placing the tubes in a water bath
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at 150° P, The tubes were then placed in the refrigerator
at 360 P, for three hours, 80 that the gelatins might
thoroughly Jjell. They were then expoged at room tempera-
ture - approximately 700 F. - for six days, in order %o
determine which gelatins contained liquifiers and gas:
producers. This test wae made in duplicate.

Price. Although price is not a recegnized index
of quality in gelatin, it is quite often customery to
purchase gelatin on the basis of price alone. Conseguently,
the prices of the differsent gelatin samplee are guoted and
a ocurve made to compare with the curve prepared from the

results of the melting test..
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RESULTS and DISCUSSION
Part I - Freezing Expefiment

Melting Test

The time required for the ice cream bricks te
melt at a standard temperature is preeented in Table No. I.
The melting time for each of the seventeen bricke in the
eix different batches ie given in hours and minutes. The
average melting period of the ice oream samples stabilized
with a particular gelatin in the eix determinatione is also
given. Due to an error, the recsulte of numbers 6, 10, and
14, were not secured in batch No. I. In batoch No. V, there
was an unaccountsble disorepancy in the time of melting of
number 13, as compared with its melting time in the other
batches,.

Considerable difference was noted in the way
different samples meltede Those ice creams containing gel-
atin which were not especislly reeistant to heat, as
geamplee Nos. 2, 3, 8, 9, 11, 12, 14, and 17 ucsually started

to melt gquite soon after exposure. The melted part ran

down the sides and through the screen. They melted very much

like frosgen milk, in that the melted portion was liquid in
naturees Numbers 1, 4, 6, 7, 15, and 16 did not melt so
quickly and the melting was of & di fferent nature. The
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melted portion was foam-like in consietency, resembling
whipped oream. It did not readily pees through the soreen.
Numbers 6, 10, and 13 melted still differently. They stood
very firmly, and instead of melting end running down the
eides a8 was common with the other samples, divided, or
broke dowﬁ in layers. They were heavy, or plastie, in
consistency end did not melt down to & ligquid. After
several hours expoesure, they softened and flattened out

on the screen, but very little passed through. The photo=
graphs of the melting bdbricks, Platees I, II, and III, show
the relative types end times of melting of the different
ice cream bricks. These photographs show the melting of
the samples in batches 4, 5, end 6. The numberes given the
bricks refer to the numbers of the gelatin samples used,
for which see Table I in the appendix.

Ae noted from the reeults of the melting test,
there are several discrepanciee in the melting timee of the
different ice cream samplee from the several batcheg, but
in moet cases, there is 1little variation. Thie indicates
that the test i8 quite constant, and therefore, reliable.
S8ince reeistance to melting is the most desirable cherscter-
istioc of ice oream from the standpoint of body, thie test
can well be choeen as the confirmatory teat for quality
in thie producte.

Scoree and Melting Test

The scores of the ice cream samples for each of

the 8ix batches, with the average score, are given in
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Plate No. I

Melting of ice cream bricks from

Mix Noe. 4 - two hours after exposure.
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Plate Noe. II

Melting of ice cream bricks
from Mix Noe. b - two hours

after exposure.
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Plate Noe III

Melting of ice cream bricks from Mix No. 6

two hours after exposure.
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Table II. The scores of numbere 3, 16, and 17 in batch
number 4 were not secured. A gurvey of Table II shows
that with few exceptions, the ecores of the ice cream
made from the different gelatins in the &ix batches or
mixes are gquite uniform. The two moet outstanding ex-
ceptions are number 6, mix V, and number 10, mix II,
neither of which czn be accounted fore.

Graph I gives the curves plotted from the average
time taken to melt and the average €cores of the ice
cream made from the seventeen samples of gelatin, the
data being taken from Tables I and II. A8 can readily be
geen, the curves follow the same general direction except
in four instances, which indicateg that considerable
correlation existe between the two methode of determining
the quality of ice oream from the standpoint of resiestance
to melting.

In order to determine the correlation that exists
between the two teets, the correlation coefficient was
calculated mathematicsally. The correlation between the
two teste, Time of lLielting, and Score, was found to be
0.26 £ 0.066. This gives a correlati on value of four
times the probable error, which indicates that the chances
are 140 to 1 that if the experiments were repeated, the
correlation between the two tests would be at least 0.26.
These results are confirmatory that coneiderable correlation

exists between the two teste, since odds of 30 to 1 are



TABLE NO.

II

Ice Cream Scores

b2

Number
?}zlatin Mix I Mix II Mix III Mix IV Mix V Mix VI Average
1 21,6 23.26 22.6  22.6 22,256 23.0 22,67
2 20,0 22,0 22,76  23.0 22.26 22.76 22.14
3 22,0 23.0 . 23.0 - 23.26 23.26 22.90
4 23,6 22,6  23.5 23.76  23.0 23.26 23.21
65 22,6 23.26 24.0 24,0 22,756 23,0 23,25
6 26,0 24.0 24.6 24 .6 22,6 24,0  24.08
7 22,0 22,6 22,0 22,6 22,86 22.6  22.29
8 20,0 22,6 22,0 23.0 21,6 22,76 21.96
9 22,0 22,0 28,0 22,5 22,6 22,56 22,25
10 24.6 21.0 24.0 24.26 23,6 23.0 23.38
1 23,0 22,0 22,6 23.0 23.25 22,76 22,76
12 22,56 23.0 21.5 22,286 22,6 22.25 23,33
13 22,0 22,0 22,6 23.0 23.6 23.0 22,67
14 23.0 22.0 23,0 23.0 22,6 22.6 22,67
16 24,6 23.25 23.0 23.6 23.0 23.6  23.46
16 23,6 23.26 23.5 - 23.6 23,6  23.45
17 21.0 22,0 23,0 - 22,0 23.0  22.20
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considered quite significant.

Viscosity of Mix and Melting Test

S  Tables III and 1V give the viecosities of the
different ice cream samples as taken from the third,
fourth and fifth mixes, tested by the Stormer viscosei=-
meter. Table III expresses the viscosity in seconds,
while Table Ivkgivea the reletive viecoeity, ueing water
a8 the standard for comparison. Wide variatione in the
viscosity of the ice cream in the three different mixes
are very apparent. Thege variatione seem to be in no way
coneietent, eince those samples haviﬂg the highe&t vis-
cosities in one determination often have the lowest in
another. I% would seem, therefore, that viscosity of the
ice oream mix as a measurement of quality in icecream 1is
of very little, if any, velue.

Graph II gives a comparison of the average vis-
cogities and meiting times of the ice cream eamples in
mixes 4, 5 and 6. As can be noted from the curves, there
is a decided tendency for the two lines to follow the
same course, there being only three exceptions. However,
8ince the ocurves are drawn from the values obtained by
averaging the three determinations, and there are 8o many
large variations in the individual viscosity determinations,
it seems that the correlation between the two tests is

coincident, or more apparent than reale. This contention
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is borne out by the mathematical correlation coefficient,
which showe the correlation between the two tests to be
0,273 £ 0.088. This gives a correlation velue of 3.10
timee the probable error, vhich indicates that the chances
are only 26 to 1 that if the work were repeated, the
correlation would be as high as 0.278. This indiocates
that there is a certain amount of correlatinn existing
between the two tests, but since odds of at least 30 to
1 are necessary before the reesults are significant, the
correlation existing between the two is negligable.

Effect of Stirring on Viscosity

The effeot of stirring upon the viscosity of the
ice cream mix is given in Table V. The results indicate
that only elight agitation causes a material decrease in
viscosity, while vigorous stirring reduces the reading
nearly one-half. Since in preparing mixtures for vie-
cosity readings the agitation is rarely considered, it
is 8elf evident that this test is too eaeily varied to
be & good indication of quality. It is not possidble to
age the ice cream mix at a aufficiéntly low temperature
and then retemper it eo that it can be tested for vie-
cosity without agitation. In feoct, it would be very
difficult to test aged ice oream with the viscosimeter
without firet etirring it, due to it 8 heavy coneistency.
It would be possible to teat the ice cream mix very
easily with the viscosimeter before the mix is aged, but
at thie stage the results would thow nothing, since the
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gelatin has not had an opportunity to swell and surround
the water particles. Consequently, before ageing, the
ice cream samples made from all gelatins would test the
gsame or practically the same.

A great change ococure in the consistency of the
ice oream mix during the ageing period prior to freesing.
When ageing begins, the mix is a viscous fluid, due to
ite high solids content and low temperature, Ae the
ageing proceeds, the gelatin swells, absorbing water.
Since it is a protective colloid, it surrounds the water
particles with a film, preventing their union with each
other. The formation of a jelly by the gelatin increeses
its water absorbing capacity. When moet of the water is
removed by thie increased hydration, end the adjacent
heavily swollen aggregates cohere, a Jjelly like coneistency
is eassumed by the mix. The mix gradually becomes more
viscous throughout the sgeing procees. When practicelly
all of the water has been absorbed, it becomes heavy and
plastic, resembling clabbered milke Just when the mix
cease8 to become more viscous and plaéticity begins cen-
not be determined.

The plasticity of an aged mix interfers with its
viscosity test. This may partly account for the fact that
viscosity of mix cammot be regarded as a true criteron

of qualitye.
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TABLE NO. III

Viscoeity of Ice Cream liixes

Time Expressed in Seconds.

Numberx
gzlatin Mix III Mix IV Mix Vv Aversge
1 61 216 130 1356
2 68 88 52 69
3 65 56 66 59
4 44 42 68 51
5 29 52 79 57
6 < 102 93 176
7 103 244 133 160
8 186 71 98 118
9 29 176 28 7
10 211 346 189 248
1 365 77 63 58.5
12 314 109 186 208
13 168 122 95 125
14 46 142 57 82
15 45 68 24 48.5
16 202 83 76 120
17 40 74 28 47



Relative Viscosity of Ice Cream Liixes

Number

of

Gelatin

1l

O O N O O Pp» B W
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TABLE NOe.

Mix III
7.18
8.00
6447
5418
4,59

38.94
12.12
21.76
341
24,82
4.18
56494
18.59
bedl
5429
23,77
4.7

IV

Mix IV

26.30
10.35
6459
4.94
6012
12,00
28.71
8.35
20459
50.69
9.06
12.82
14.36
16,71
8.00
9.77
8.71

Mix V
15.29
6el12
7.6b
8.00
9.30

10.94
16.66
11.53
3429
22424
7.41
2l.76
11.18
6e71
2,82
8.81
3.29

68

Average
15.92

8.16
6490
6404
6467
20463
18.83
13.88
9.10
29.22
6488
23464
14471
9.61
5439
14.12
5457
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TABLE N0, V
Effect of Stirring upon Viscosity of Ice Cream Mix

Number Stirred only in Stirred Stirred
T al
I II III IV I I1 I I
1 130 - 86
2 b2 50 '
3 65 64 63 58
-4 68 60 56 b4
4] 79 76 68 66.6
6 93 92
7 133 83 83 76 _
8 98 89 76 73
9 28 27.5
10 189 176
11 63 69 54 50
12 186 160 120 115
13 96 80
14 57 51 48
16 24 24.5
16 75 66 66
17 28 28
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Part II - Gelatin Quality Determinsations

Viscosity of Gelatin Solutions
and Melting Test

The results of the viscoeity determinatione of the
gelatin solutions by means of the MOJonnier-Doolittle
Viscosimeter are given in Table VI. The results of the
two determinetions differ enormouely in meny cases, while
they are practicelly the same in othere. Although the
varietions between the two tests seem quite large, when
they are averaged, the value checke very clogely with the
value of the quality determinations givem by the melting
test. That these two teste compare quite favorably is
shown by Graph III, which stows the velues of the gelatins
a8 determined by the two teets. The two curves are quite
eimilar, with three minor exceptions.

The calculated correlation coefficient between the
two teats is 0,740 X .,031. This is a very high correlation,
8ince a correlation of 1.0 ie perfect. The correlation
coefficient ie 23.87 times greater than the probable error,
which ind icates that the reesults are infinite, that if the
work were repeated, the correlation would be at least 0,740
*+ 031, Thie shows thet for a gelatin quality test, the
viscosity of the gelatin solution compares cuite favorably
with the melting test.

The chief limitation of the teet ie the difficulty
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TABLE 0. VI
Viscosity of Gelatin Solutione

Number First Second
Agzlatin Determination Determination Average
1 | 25 1356 80
2 16 45 30
3 22 90 56
4 135 132 134
5 62 145 104
6 356 362 364
7 26 230 128
8 40 115 "3
9 16 12 14
10 266 360 313
11 31 86 69
12 67 270 119
13 149 256 203
14 18 143 81
156 27 112 70
16 86 270 128
17 26 40 33
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encountered in getting the results to checke If &
gufficient number of teets are made on the gelatin and
the everages made, this test chould give results which

are quite confirmatory of qualitye.

Jelly-Strength and Melting Test

The resulte of the jJelly-strength test are given
in Table VII. These determinations were made in duplicate,
and check very closely in most instances, a8 may resadily
be seen from the table. However, there are in some cases
wide variations between the two results. The inability
to secure checks with thie appsreatus seeme to be itse
greatest limiting factor. A thick skin often forme on top
of the gelatin to be tested, and this, no doubt, often
influences the reading somewhat.

Graph IV gshows the curves plotted from the average
valuee obtained by this test, as compared with the values
obtained by the melting test. These curves are practically
the same, having only two slight discrepancies, indicating
that considerable correlation existes between the two tests.

The correlation coefficient between Jelly Strength
and the Melting Test ie =0.6583 £ 0.046. This velue 1is
12.96 times the probable error, indicating that the odde
are infinite that if the experiment were repeated, the re~

sulte would be =-0.683 + 0.046. The correlation, in this
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instance, is negative due to the way the Jjelly strength
values are read on the Hall Jelly Strength ‘ester. Om
this tester, the higher the quality of gelatin, the lower
the value. A negative ocorrelation ies just as significent
a8 & positivd correlation, and it therefore carriee the
gsame value as though it were 0,583 * 0.045.

This provee that & very estrong correlation exists
between Melting Time and Jelly Strengthe. This latter test
may consequently be used as an indication of quelity in
a gelatin.

Acidity snd Melting Test

As 18 indicated by lable VIII, the acidities of the
gseventeen different gelltiné ranged from neutral to 1.15
percent acidi ty. Taking the latter sample as a basis for
calculation and using the usual amount of gelatin, 0.6 per
cent, in the mix, it is apparent that the use of this gelatin
would only increase the acidity of the ice cream mix by the
following amount: 1.15 x 0.006 = 0,00675 per cent acidity.
Since a8 rmuch a8 0.356 per cent acidity is often developed in
the ice‘oream mix w;thout any disastrous resulte, it is
apparent that the amount added by thie gelatin i& negligible.
It is poseible that other commercial gelatine have a consider-
ably higher acidity than those used in thie study, but it is
not likely thet they will have a eufficiently high acid con-
tent to imperil the ice cream.

The only poseibility of undesirable results from
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TABLE NO. VII
Jelly Strengths

Number First Second
gzlatin Determingtion Determination Average
1 1.9 1.9 1.9
2 2.2 282 2.2
3 240 240 240
4 1.8 2e1 © 1.96
6 1.7 20 1.86
6 1.2 | 1o 1.3
7 1.8 1.9 1.85
8 1.9 2.1 2,0
9 2.8 248 2.8
10 1.4 1.4 1.4
1 1.9 1.9 19
12 1.8 | 1.8 1.8
13 1.6 1.8 1.7
14 2.5 2.2 2436
15 2l 2.2 24156
16 1.8 1.8 1.8
17 242 2e3 2.26
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TABLE NO. VIII
Gelatin Acidities

Number Firet Second
gglatin Determinstion Determination Average
1l 0.44 0.44 0.44
2 neutral neutral neutral
3 0.80 0.76 ‘078
4 1.02 1.06 1.04
5 0.73 0.77 0.75
6 0.91 0.91 0.91
7 0.26 0.26 0.26
8 0.29 0.29 0.29
9 0.29 0.29 0.2?
10 1.13 1.17 1.15
1 0.15 0.16 0.16
12 0.37 0.37 0.37
13 0.77 0.73 0.75
14 0.15 0.156 0.16
15 0.73 0.73 0.73
16 0.68 0.58 0.58
17 0.18 0.18 0.18
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the use of high acid gelatin would occur when a small

amont of milk, - either ekim or whole, is used in dissolving
the gelatin. When this method of diesolving the gelatin is
practiced, the mixture of milk snd gelatin ie quite concen-
trated, and the acidity present in the gelatin may be
sufficient to curdle the milke The danger is enhanced when
the acidity of the milk is already highe However, when the
~gelatin is added dry to the entire mix, or is dissolved in
a small amount of water and is then sdded to the mix, there
is no danger of curdling.

Graph V, which comparesa the acidity ourve with the
-melting test curve of the different gelatins indiocates thgt
little correlation exiets between the two testes, However,
when the mathematical test is applied, we find that this
is erroneoue, The correlation coefficient between the two
tests is 0,593 + 0.044. It has a value of 13.48 times the
probable error, showing that the odds are infinite. If the
work were repeated, the value of the correlation would be
0,593 £ 0.044, making the correlation between the two tests
very 8ignificant,

From this we may conclude that, though high acidity
iteel? is not to be desired in gelatin, it is associsted
with high qualitye.

Clarity, Color end Odor

The olarity, color, anid odor of the solutiones of
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the gelatin samples are given in Table IX. A study

of these results indicates that no relationehip exists
between these three factors and quality, as determined
by the melting test. These factors are too easily
affected and controlled by the procees of manufacture

to be good indices of quality.

Bacterial Counts and Fermentation Test

The bacterial counte of the gelatin samples are
given in Table X. The counts made on Standard Ager No. I,
and Milk Powder Agar No. I, were made eix months before
those which are marked No. II. They were probably con-
taminated during this time, which accounts fof the higher
count on the later date.

It will be noted that the results of the bacterial
countes cémpare quite favorably with those of the fermen-
tation test as given in Table XI. Gas producing or liqui-
fying bacteria might be suspected in those samplee contain-
ing the largest numbers of organisms. Such wae the cage
with two exceptions, numbere 3 and 13, which had relatively
high counts but did not show the presence of ligquifiers or.

gas producere{

Price and Melting Test

Table XII and Graph VI showthe price of the gelatins
and the relation of price to quality as determined by the
melting test, In the samsa 1 to 7 and 14 to 17, the curves






Number
of

TABLE NO.

IX

Clarity, Color, and Odor

Gelstin (Clarity
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elightly cloudy
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d ightly cloudy
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Golor
white
amber
light amber
white

"
"
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1ight yellow
amber

white

light amber
white
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odor
strong
very strong
tankage
good
8lightly strong
good
"
elightly pig
bt strong
" pig
| good
"
elightly etrong
good
strong

8lightly strong
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TABLE NO. X

Bacterial

Counts

Standard Agar
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Milk Powder Agar

No. I Noe II HNo. I No. II
150 350 60 200
1,200 136 ,000 300 -
50 5,250 100 1,200
50 8 50 100
50 276 50 -
100 300 150 60
1,760 4,850 - 3,600
150 180,000 250 166,000
50 176 50 -
50 350 50 -
100 160 50 -
100 300 160 -
50 20,000 150 60,000
100 300 100 200
50 - 50 -
80 - 50 -
- 150 160 50
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TABLE NOe XI

Fermentation Test

Number of . Pirst Second
Gelatin Yetermination Determingtion
1 ) - - %
2 + ' +
3 - -
4 - -
[ - -
6 + -
7 ¢ -
8 + +
9 - -
10 - -
11 - -
12 - -
13 - -

=
»
+
<+

15 - -
16 - -
17 - -

* ®he plus sign indiocates the presence of liquifying or

gas producing bacteria; the minus sign indicetes that no

gag or liquifaction was produced.



TABLE 0 XII
Price of Gelatins

Number of
Gelatin

1l

O O = O O ¢ O N

e =
9 6 &k &b b5

Price

(cents)

62
66
50
50
55
70
50
50
60
60
67
76
66
60
60
66
a2

76
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would lead to the belief that considerable relationship
exists between price and quality gelaetin, but with the
other five samples, there seems to be no relatinnehip
whatsoever. However, that there is considerable rela-
tion between the two is proven by the calculeted corre-
lation coefficient. The correlation between price and
melting test is 0.311 ¥ 0,060 Thue, the correlation
has a velue of 5,18 times the probable error, which in-
dicates that the odde are 1400 to 1 that 1if the work
were repeated, the correlation would be 0.311 * o0.060.
The relationship between the two factors is very signie
ficent, 80 we can cohclude that price and guality bear

considersble correlation.

Comparison of Tests

Table XIII gives a mathemeatical comparieon of
the important tests diecussed with the melting test. Theee
tests are listed, from top to bottom, in the order of
their correlations. The first three tests listed, Viscoeity
of Gelatin Solutiins, acidity, and Jelly Strength tests,
have very high correlations. These correlations are 8o
much greater than their probable error that the odds are
infinite thatwere the work repsated, the correlation would
fall within the seame limits of errore. Since the Score
correlation was the emallest of fhe lot, it was taken to
be basic. A survey of the three highest valued correlations

ehows thet their Differences (the correlatione minue the
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correlation of the base) are greater than their Probable
Errors of the Differencéa, so that the differences in
value of theee‘correlations and that of the base are
quite significant,

The three tests showing the lowest correlations
with the lelting Test, Price, Viscosity of Mix, and Score,
are 80 8imilar in velue that there is little difference.
Both Price and Score show greater 0dde than does Viecosity
of llix, due to the high Probeble Error of this later test,
but the “robable Error of the Difference of both Price and
Viecosity of lMixes is greater than the Dif ference., The
difference in value of theee latter three tests is leas
than the <robable Error, eshowing that the differences are

not significant.
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Summary and Cohclueions

The melting time of the ice cream bricks proved to
be a very good index of qusality.

Little correlation exista between the scores of the
ice cream samples and the melting teet. The human
element undoubtedly enters in too much to make
ecoring an accurate test for quality.

The work done on the viscosities of the mixes tended
to show that viecosity, ae s measurement of quality
in ice cream, is practically valueless.

Viscosity a8 a measurement of quality in gelatins
compared very favorably with the melting test, indi-
cating that as a test for quelity, viescosity of the
gelatin eolution can well be adopted.

The Jelly-~strength test gave resulte comparable to
those secured by the melting test.

The acidity of the gelatin samples was ineufficient
to endanger the ice cream mixe. A high positive
gorrelation existes between acidity end quality in
gelatin.

Clarity, color, and odor ghowed no relationship to
qualitye.

The gelatins contdning gas-producing and liquifying

organieme a8 determined by the fermentation test, were
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with two exceptions, found to be among those with
the highest bacterial counts.

9 A high correlation existe between price of gelatin
and qualitye.
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Appendix

Table No. I.

Nunmber of
Gelatin Brand
1 United Chemiecal Company
2 Chalmers
3 Atlantic
4 Swifts 34
5 Swifts 4A
6 Swifte 8A
4 Duche
8 Unifed States
9 Crandell Pettee
10 Grayslake
11 Whitten
12 Crystal
13 Dunns
14 Milligan and Higgine
156 Delft Imperial
16 Delft Supreme

-
-3

Essex
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