JULY, 1939 RESEARCH BULLETIN 302
UNIVERSITY OF MISSOURI COLLEGE OF AGRICULTURE
AGRICULTURAL EXPERIMENT STATION

M. F. MILLER, Director

ALPHA HYDRATE AND BETA
ANHYDRIDE LACTOSE
CRYSTALS IN SANDY
ICE CREAM

C. W. DrckEr, W. S. ARBUCKLE aAND W. H. E. Rem

(Publication Authorized July 10, 1939)

COLUMBIA, MISSOURI




UNIVERSITY OF MISSOURI

COLLEGE OF AGRICULTURE

Agricultural Experiment Station

EXECUTIVE BOARD OF CURATORS—EARL NELSON, St. Louis; J. A. POTTER,
Jefferson City; J. H. WOLPERS, Poplar Bluff.
STATION STAFF, MAY, 1939

FREDERICK A. MIDDLEBUSH, Ph.D., President

M. F. MILLER, M.S.A., D. Sei., Director

S. B. SHIRKY, A.M., Ass’t to Director

MISS ELLA PAHMEIER, Secretary

AGRICULTURAL CHEMISTRY
A. G. Hocan, Ph.D.
L. D. Haicr, Ph.D.
E. W. Cowan, A. M.
Luraer R. Ricmarpson, Ph.D.
Dennis, T. Maygr, Ph.D.*
C. F. Wincrnster, M. S.
L. L. Wisgman, A.B.
R. A. Rasmussen, Ph.D.
FEucene L. Powsry, A.B.
W. H. Bonp, B.S
J. G. Lee, M.S.
AGRICULTURAL, ECONOMICS

O. R. Jounson, A.M.
Ben H. Framz, A.M.
C. H. HamMmar, Ph.D.
Herman Haac, Ph.D
Darrvr, Frawncis, B.S.
Homzr J. L’'Hore, B.S.
BrowN Rawrincs, B.S.
AGRICULTURAL ENGINEERING

. WoorLry, M.S.
Mack M. JonEs, M.S.
Lrovp HicuTowErr, M.A.
RoBerT Brastey, B.S. in Agr.

ANIMAIL HUSBANDRY

E. A. Trowsrince, B.S. in Agr.
A. WravEr, B.S. in Agr.
G. Hocan, Ph.D.
. B. Mumrorp, M.S., D. Agr.
F. McKenzig, Ph.D.*
E. Comrorr. A.M.
. J. Dyer, B.S.
. T. Mavgr, Ph.D.
FrEpERICK N. AnDrREWS, M. S.*
Rarpr Bocarr, M.S.
H. D. Fuiyam, B. S.
Jou~x Lasrey, B.S.

BOTANY AND PATHOLOGY

C. M. Tucker, Ph.D.

J. E. Livincsron, M.A.

M. A. Smrrm, A.M.*

Paur R. BURKEHOLDER, Ph.D.

DAIRY HUSBANDRY

A. C. Racspare, M.S.
Wwum. H. E. Rep, A.M.
SamuEr Brooy, Ph.D.

. W. TurnEr, Ph.D.
H. A. Herman, Ph.D.
E. R. Garrison, A.M.
WarreN C. Harrn, A.M.
C. W. McIntvre, M.S.
E. P. ReNgxs, A.M.
A. A. Lewis, AM.

W. 8. ArBUckry, A.M.
Nogr P. Ravsron, B.S.
Jorx P. MixnEr, M.S.

ENTOMOLOGY

Lrovarp Hasgman, Ph.D.

T. E. BmirxgTr, A.M

Lee JeEnkins, M.S.

H. E. Brown, B.S.

Curris W. Winco, A.B.
Wirriam Warp Swmirs, A.M.
A. G. Pererson, B.S. in Agr.

Ip o

FIELD CROPS
W. C. EruErivcE, Ph.D.
C. A. HeLm, AM.
L. J. Srtabrer, Ph.D.*
B. M. Kinc, A.M.*
E. Marion Brown, A.M.*
G. F. Spracug, Ph.D.*
J. M. Pormrman, Ph.D.*
Miss Crara Fumr, M.S.*
JosErr G. O’Mara, Ph.D.*
ErNEST R. Sgars, Ph.D.*
Luruer Smirm, Ph.D.*

HOME ECONOMICS
FrorEncE Harrison, A.M.
BeErTHA Bissgy, Ph.D.

Jessie V. Corgs, Ph.D.

Jussie Arice Cring, A.M.

ApEnLia WErs, A M

Erizapere DYER,

RTICULTURE

T. J. TaLrerT, A.M.

Carr G. Vinson, Ph.D.

A. E. Mur~EEk, Ph.D.

H. G. Swartwour, A.M.

H. F. Mayor, B.S.

R. A. ScHROEDER, Ph.D.

Ausrey D. Hiprarp, Ph.D.

R. H. Peck, M.F.

E. J. Arrora, M.S.
POULTRY HUSBANDRY

H. I. Kempsrer, M.S.

E. M. Funk, AM

J. E. PArkER, M.A.

RURAL SOCIOLOGY
C. E. LiveLy, Ph.D
RoNaLp B. ALMACK, M A.

SOILS

W, A. Arsrecur, Ph.D.
M. F. MmLer, M.S.A., D. Sci.
H. H. Kruscrorr, A. M.
C. E. Marsuart, Ph.D.
Georce E. Smrrm, Ph.D.
ErLsworrH SPRINGER, B.S.
W. D. SHrADER, B.S.
M. S. Harn, A M.
C. M. WoopruFr, B.S.
E. R. Gramam, Ph.D.
C. B. Harston, B.S.
NEWCOMB C. Swmrrm, B.S.

P. Warresios, B.S.

VETERINARY SCIENCE
A. J. Durant, A.M. D.V.M
J. W. Connaway, D.V.M., M.D.
Crern Eiper, A.M., D.V.M.
O. S. Crister, D.V.M.
F. H. Orvey, D.V.M.
Haroro C. McDovecre, A.M.
Frvis R. Dorr, B.S.

OTHER OFFICERS
R. B. Pricg, B.L., Treasurer
Lz:sr 1£ Cowan, B. 9 Sec’y of University

. A. JEFFREY, A.B., Agricultural Editor
L R. Grinsrtrap, B. T Asst. Agr. Editor
J. F. Baruam, Photographer
LroNn WavucHTAL, Assistant Photographer
JANE Froosmam, Librarian

*In cooperative service with the U. S.
Department of Agriculture.




ALPHA HYDRATE AND BETA
ANHYDRIDE LACTOSE
CRYSTALS IN SANDY
ICE CREAM

C. W. DEckER,* W. S. ArsuckLE AND W. H. E. Remp

Sandiness in ice cream is a problem which has warranted much
study. The factors causing sandiness, methods of preventing this
defect, and the physico-chemical properties of lactose have been
studied by several investigators.

These investigators have confined their studies primarily to com-
mercially prepared lactose. The problem of isolating and identifying
the particular crystals causing sandiness in ice eream is one which
requires further investigation.

Several workers (1),f (2), (3), (4) bave reported that the alpha
hydrate form of lactose is responsible for sandiness in' ice cream.
The optical properties have not been determined directly on the sandy
material as isolated from ice eream, and the possibility exists of the
beta anhydride form of lactose being present although its presence
has never been reported.

The petrographic microscope proved to be an excellent instrument
for study of the sandy material in ice cream. A method for extracting
the crystalline substances causing sandiness in ice cream was devised
by modifying the technique of several other workers. This material
in a purified form was then examined under the petrographic micro-
scope and the optical data obtained. Several other studies were made
on the crystalline material including chemical tests and polarimeter
determinations. Commercial samples of ice cream were studied mi-
croscopically for sandiness and photomicrographs made of sections
of sandy ice cream.

Since the possibility exists that both alpha hydrate lactose and beta
anhydride lactose may be present as sandy material in ice cream, the

*The data presented in this bulletin were taken from a paper submitted by the senior author
in partial fulfillment of the requirements for the degree of Master of Arts in the Graduate
School of the University of Missouri, 1939.

tSee List of References on pages 21 and 22.
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difference in the properties of the two forms are shown by their
structural formulas.

ALPHA LACTOSE

A = gluocose = B = Galactoside
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The difference structurally between the two forms is merely an in-
terchange of the ““H’’ and ‘““OH’’ on the last carbon atom from the
alpha to the beta position.

REVIEW OF LITERATURE

Bothel (1) was one of the first to point out this defect as being
due to the presence of lactose crystals. He stated that sandiness
is the defect in ice cream which may be detected in the mouth as
though sand were present.

Zoller and Williams (2) first isolated sandy material from ice
cream and identified it chemically and crystallographically as alpha
lactose.

Troy and Sharp (3) explained the formation of ‘‘sandy’’ ice cream
as being due to the presence of sufficient non-frozen water to permit
the alpha hydrate lactose to crystallize. By rapidly freezing out
the water from ice cream, the lactose solution may be concentrated
to a region where the crystallization of lactose does not occur (super-
saturation). Alpha lactose crystals may form in such ice eream if
sufficient ice is melted to dilute the syrup to a range of concentration
where crystallization can take place.
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Lactose crystals have been shown by Hormberger and Cole (4) to -
be from 16 to 30 microns in size when they can be detected as sandi-
ness in the mouth.

Causes of Sandiness in Ice Cream and Methods of Preventing It

Temperature fluctuations or ‘‘heat shocking’’ have been shown by
several investigators (4), (5), (6), (7), (8), (9) to be an important
factor in promoting sandiness. Temperature fluctuations may take
place at any time after the ice cream is placed in the hardening room
and until it reaches the consumer.

Nut meats have been shown by Reid (6) and Dahle (7) to aid
lactose crystal formation and induce sandiness. Reid demonstrated
that by washing the nut meats in warm water and autoclaving them
at steam pressure or soaking them in gelatin solution previous to
their use in ice cream, that sandiness could be delayed. Dahle used
a syrup solution in which to soak the nut meats and delay sandiness.

‘Whitaker (8) shows that moisture is taken up by the nut meats
and advances the assumption that unsoaked nut meats may take up
water in the ice cream thus decreasing the unfrozen part of the
ice cream and consequently increasing the lactose concentration and
tendency to crystallize. Ile also found that: (a) rapid hardening
delays crystallization, (b) hand packed ice cream developed crystals
more rapidly than factory filled packages, (¢) mechanical shoek is
not an important factor in producing sandiness, (d) the presence of
inert nuclei was an important factor in promoting sandiness, (e)
lactose crystallization was materially retarded by pasteurizing at
175-180 degrees Fahrenheit, and (f) the longer the ice cream was in
the freezer the sooner lactose crystallized.

Hormberger and Cole (4) report that lactose erystallization was
not prevented by the presence of sucrose, dextrose, or gelatin or by
combinations of these substances within the limit of concentrations
normally used in ice cream.

Sommer (26) gives a review of serum solids content permissible in
ice cream mixes if sandiness is to be avoided. Dahle (5) reports the
serum solids content permissible in ice cream mixes. '

Several investigators (4), (10), (11) have advocated the use of
low-lactose products as a source of serum solids in the ice cream mix
as a means of preventing sandiness.

Physico-Chemical Properties of Lactose .
Troy and Sharp (3) report that Erdmann in 1855 called attention
“to another form of lactose which we now know as the beta anhydride
form.
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Later studies by Hudson (12), (138) showed the third form to be
a mixture of alpha hydrate and beta anhydride lactose. He advanced
the following equation to show the dynamic equilibrium reaction and
to explain the mutarotation between the Alpha and Beta form:

C,.H,,0,,+H,0 C,.H,,0,, H,0 =——=C,,H,,0,,+H,0

Alpha anhydride Alpha hydrate Beta anhydride

Hudson (14) found that alpha-lactose was less soluable than beta-
lactose. He reported a solubility of 5.0 parts per 100 parts water
at 0 degrees Centigrade for beta-lactose. As the alpha-lactose crystal-
lizes out as a hydrate containing one molecule of water, some of the
beta-lactose must change to alpha to restore this ratio.

Herrington (15) studied the vapor tension of alpha hydrate-anhy-
dride systems of lactose. Crystal size was of little importance in
determining the rate at which moisture is taken up by the alpha
anhydride lactose. He also found that some reaction other than loss
of water of hydration must occur on continued heating of lactose.

Factors Affecting Natural Constants of Lactose

Herrington (16) showed that salts and aeids had an important in-
fluence upon the mutarotation velocity of lactose. This phenomenon
is attributed to gemeral acid and base catalysis. The catalytic effects
of other salts was not studied but were thought to be of importance
only in such concentrated products as milk powder and ice cream.

Herrington (17), in a further study of the influence of other sub-
stances upon the equilibrium rotation of lactose, found that in glycerol
solutions the equilibrium mixture of the high and low rotating forms
of lactose contains more of the high rotating component than is found
in aqueous solutions, and that the specific rotation of lactose is in-
creased in glycerol solutions.

Herrington (18) showed that many salts may combine with lactose.
The existence of such molecular compounds is possibly a factor con-
tributing' to the stability of such supersaturated solutions of lactose
as are found in ice cream and in milk powders. Lactose is more solu-
ble in molar solutions of calecium chloride or of calecium nitrate than
in pure water and an increase in the concentration of salt brings
further increase in the solubility of lactose.

Hunziker and Nissen (19) found that the presence of sucrose
diminished the solubility of lactose. This decrease is slight in dilute
sucrose solutions as are present in ice cream mixes, but becomes
greater as the sucrose concentration increases, as in sweetened con-
densed milk, amounting to approximately 15 per cent of the lactose
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solubility in aqueous solutions. They also stated that the colloids do
not have any material influence on the solubility of lactose.

Factors Influencing the Change From Alpha to Beta-Lactose

Troy and Sharp (8) state that between pH values of 2.0 and 7.0,
the rate of change of alpha-lactose into the beta-lactose is at a mini-
mum. The rate approached infinity at pH 0.0 and 9.0. The effect
of pH on the rate of change of alpha to beta-lactose was shown to
influence the rate of solution of alpha-lactose and the effect of pH
on the rate of change of beta to alpha-lactose was shown to influence
the rate of precipitation of alpha-lactose. They found relatively
concentrated sucrose solutions to have little effect on the rate of
change of the two forms of lactose into each other.

‘Whitaker (8) states that rapid hardening delays erystallization,
and a rapid attainment of low temperatures is desired as the rate of
conversion of beta to alpha is decreased under such conditions.

Factors Affecting the Crystalline Habit of Alpha-Lactose

Hunziker and Nissen (20) describe the change in lactose crystal
shapes in the presence of 14 per cent sucrose solution to be slight.
The crystals are shorter and thicker but possess full development.
The crystals resemble short truncated pyramids with flat rhomboid
base and apex. Crystallographically the crystals are the same but
the crystal habit appears to be altered.

Hormberger and Cole (4) report that the rate of crystal growth
was found to be an essential factor in the development of sandiness,
and was influenced by lactose concentration, storage temperatures,
fluctuations in storage temperatures, and methods of freezing.

Herrington (21) found that the crystallizing habit of alpha hy-
drate varied greatly under different econditions of erystallization. The
precipitation pressure and the ratio of the actual concentration to the
solubility, was the principal factor governing the crystalline habit
of lactose. He states that sucrose has a precipitating effect upon lac-
tose and influences its crystallization. He reports that both alpha
hydrate and beta anhydride will form needles if erystallization is
sufficiently rapid, but may be distinguished by the fact that the
alpha hydrate prisms are always straight while those of beta anhydride
are curved. Under favorable conditions he was able to grow lactose
erystals with 13 faces and as high as 16 although crystals with more
than 13 faces are extremely rare.
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Crystallographic and Optical Properties of Alpha- and Beta-Lactose

Groth (22) gives the data on alpha hydrate lactose to be: mono-
clinic-sphenoidal ; cleavage in three directions nearly at right angles.
He also includes the refractive indices.

Zoller and Williams (23) identified sandy material in ice cream
as alpha-lactose by making photomicrographs utilizing a petrographic
microscope. They found the typical tomahawk-shaped alpha hydrate
lactose crystal to be present.

Wherry (24) determined the crystallographic features and optical
data of alpha- and beta-lactose, and sucrose. He found the following
values:

Substance A (alpha) B (beta) I (gamma) 2E
a—Ilactose 1.517 1.553 1.555 333%°
b—Ilactose 1.542 1.572 1.585 120°
sucrose 1.540 1.567 1.572 79°

He states that beta lactose crystallographically belongs to the holo-
axial-polar (sphenoidal) class of the monoclinic system.

Hunziker and Nissen (20) give the crystallographic features of
alpha-lactose. Lactose crystals belong to class C, and are monoclinice
sphenoidal and have only one axis of symmetry. They have trape-
zoidal side faces and rhombic tops and bottoms. The full developed
lactose crystal has in addition beveled faces at the base which may
terminate in a sharp edge giving the crystal a distinet tomahawk
appearance.

Williams and Peter (25) report having found a new diamond-
shaped lactose crystal which they identified as alpha-lactose. They
give the cause of its formation, the high viscosity of the solution, due
in particular to the concentration of the sucrose in the crystallizing
medium, which in turn is caused by a freezing out of part of the
water.

PROCEDURE

A high serum solids ice ecream was made containing 15.5 per cent
serum solids, 13 per cent fat, 14 per cent sugar, and 0.30 per cent
gelatin, and frozen in a Vogt continuous freezer.

The ice cream was then divided into two groups. The first group
was placed in the hardening room at -10 degrees Fahrenheit imme-
diately after being frozen, and held at this storage temperature for
twelve months at the conclusion of which time the ice cream was
considered only slightly sandy.
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The second group was placed in a dispensing cabinet at 6 and 10
degrees Fahrenheit respectively for three months, and subsequently in
the hardening room at -10 degrees Fahrenheit where pronounced
sandiness developed in five months.

Samples of the second group were used as the source of sandy ma-
terial for this investigation. Heat shocking the samples by exposing
them at room temperature for twenty minutes every second day for
ten days aided in promoting sandiness. -

Isolation of Sandy Crystals from Ice Cream

Using a modification of the method of Zoller and Williams (2),
the ice cream was allowed to melt at a temperature of 72 degrees
Fahrenheit and was then placed in 50 cubic centimeter centrifuge
tubes which were centrifuged at 2500 revolutions per minute for
15 minutes. The sandy material was deposited at the base of the tube
beneath a separate layer of liquid and fat. The supernatent liquid
was decanted off leaving the sandy material at the base of the tube.

A saturated solution of lactose was prepared at a temperature of
72 degrees Fahrenheit. About 35 cubic centimeters of this saturated
lactose solution was used to wash the sandy crystals, and the tubes
were again centrifuged. This procedure was repeated with ether
and fifty per cent acetone.

The sandy crystals were then sufficiently pure to be used in making
chemical tests and to study with the petrographic microscope.

Chemical Tests

Chemical tests were made on the sandy material to determine the
particular sugar or sugars responsible for sandiness in ice cream.

Fehlings solution was used to determine the reducing properties of
the sandy material. The addition of several cubic centimeters of
Fehlings solutions to the solution of the sandy material in a test
tube produced a yellow precipitate and upon further heating changed
to a red precipitate which indicated the presence of a reducing sugar.

Seliwanoff’s reaction was used to determine the presence of a keto-
hexose sugar. The addition of Seliwanoff’s reagent to the sandy
material gave a positive reaction for this test indicating that the sandy
material was a keto-hexose sugar.

The Osazone tests were used in making a positive identification of
the sugar. Yellow crystalline bodies called osazones are formed from
certain sugars and in general each individual sugar gives rise to an
osazone of a definite crystal form, which is typical for that sugar.
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The Use of the Petrographic Microscope in Obtaining Optical Data

Differentiation of the two forms of lactose can be made with a petro-
graphic microscope since their structural formula, optical and erystal-
lographic properties differ. The petrographic microscope utilizes
polarized light and may be used to identify crystals through optical
means. The refractive indices were obtained by using the oil immer-
sion method. Oils with a different refractive index were graduated
to cover a definite range. A slide was prepared by immersing the
powdered crystalline substance to be studied in the drop of oil of
known refractive index and covering it with a cover slip. When using
the petrographic microscope a white line called the Becke line outlines
the erystal. As the focus is raised the line moves toward the substance
having the higher index. A succession of oils may be necessary be-
fore a match is obtained. As the erystal and the oil approach a
match the crystal fades out and at a match the white line may split
into a yellow and a blue line, one moving toward the oil and the
other toward the mineral. Estimations are made of the third place
value.

By utilizing polarized light, optical data were obtained. Between
crossed nicols the optical angle (2V), interference figures, interference
colors, dispersion of the indices, optical character and crystal form
were determined.

Positive identification of the crystal material was acquired by
utilizing the complete optical data.

Examination of Sandy Ice Creams

Several sandy samples of ice cream were obtained and examined.
The sandy material was isolated by the method (2) previously de-
seribed and examined with the petrographic mieroscope. Compari-
sons were made of the sandy material from these samples with the
sandy material of the original high serum solids ice cream from which
the chemical and optical data were obtained. Methods of manufac-
ture, composition of the mix, temperature and length of time of
holding, subjection to heat shocking varied with the several samples.
Consequently, the type and rate of crystal formation differed.

Photomicrographs of Sections of Ice Creams

Sections of ice creams showing sandiness were prepared with a
microtone in a hardening room at a temperature of -14 degrees Fah-
renheit and photomicrographs obtained.
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EXPERIMENTAL DATA

‘When the Osazone test was applied to the isolated sandy material,
lactosazones, Figure 1, were formed showing that the sandy material
consisted of lactose and that sucrose was not present.

Fig. l.—~Lactosazones from Sandy Ice Cream Material (Magnification 100x)

Optical Differentiation of Alpha and Beta Latose

Table 1 presents optical data on alpha- and beta-lactose present in
sandy material isolated from a high serum solids ice cream. The
alpha-lactose was designated as the tomahawk type of crystal, and
beta-lactose as the columnar type. Comparisons of the tomahawk
type and the colummnar type of crystals were made with the optical
data obtained by Wherry (24) for alpha- and beta-lactose.

TABLE 1.—OPTICAL PROPERTIES OF ALPHA LACTOSE AND BETA LACTOSE*

Name Optical Inter- Source of
of Refractive Optical Angle Crystal ference  Optical
Substance Indices Character 2E Form  Dispersion Color Data

Alpha lactose a-1.517 b-1.553 g-1.555 negative 333° Mono Vlild;t 1st to
e

clinic 2nd order Wherry
Tomahawk type

crystal a-1.518 b-1.553 g~1.556 negative 34° Mono Violet 1st to
clinic Red 3rd order
Beta lactose a-1.542 b-1.572 g-1.585 negative 120° Mono Violet st to
clinic Red 3rd order
. Wherry
Columnar type a-1.542 b-1.572 g-1.582 negative . Mono Violet 1st to
clinic Red 3rd order

*It is interesting to note here that several references (2), (22), (26) on the ‘optical properties of alpha
lactose give the refractive index value beta (B)=1.542 while Wherry (24) gives B=1.553. The value we
found for the columnar crystal agrees with that of Wherry.
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Figure 2 shows the alpha hydrate form of lactose, (C,,H,,0,,) or
(C.H,;0,; . H,0), as a tomahawk or wedge-shaped crystal. This
is a typical erystal shape of the alpha form although slightly modified
forms may be produced depending upon the conditions under which
crystallization oeccurs. The dark bands are interference colors pro-
duced between crossed nicols.

Fig. 2.—Alpha Lactose (Tomahawk Type) Sand Crystals (Magnification 450x)

FOorm ....overeninnnennnnnnnns Monoclinic Optical character ............. ...negative
Refractive Indices a=1.518 Optical angle wiws s s En 34°
b=1.553 DiSpPersion. .v.eeeeeeeeeneeaennns violet red

c=1.556 Interference colors....... 1st to 3rd order
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Figure 3 shows the beta anhydride form of lactose as it appears in
the sandy ice cream material. It is a long columnar type of erystal
which distinguishes it from the wedge-shaped alpha type. The colum-
nar type is an anhydride (C,,H,,0,,) and has a higher index of

(Lower Section, Magnification 200x)

Fig. 3.—Beta Lactose (Columnar Type) Sand Crystals

Form ........... eeeeeeaaan Monoclinic  Optical character

Refractive Indices 542 Optical angle....
b=1.572 Dispersion....... . v
c=1.582 Interference colors........ 1st to 3rd order

refraction than the alpha type. The cleavage is at right angles in
some of the better types of crystals. A variation in the size of the
crystals may be observed.
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Figure 4 shows the relative proportion of alpha to beta lactose crys-
tals isolated from sandy material in its original state. The large
irregular shaped crystals are alpha lactose and are comprised of

masses of smaller crystals.

Fig. 4.—Relative Proportion of Alpha and Beta Lactose in Sandy Material (Magni-
fication 100x)

Figure 5 illustrates the variations in size of beta lactose crystals.
These photomicrographs were taken of microscopic flelds in which
the beta form of crystal predominates.
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Fig. 5.—Beta Lactose Showing Variation in Size of Crystals (Magnification 100x)

Figure 6 shows an alpha and beta lactose crystal. These crystals
are not attached physically. However, the contrast between the two
different types of crystals can readily be observed. The edges of the
alpha lactose crystals are slightly irregular due to the action of cen-
trifuging and washing, whereas commercially prepared lactose and
lactose recrystallized from aqueous solutions have smoother crystal
faces and edges.
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Fig. 6.—Alpha and Beta Lactose Sand Crystals (Magnification 450x)

Figure 7 shows commercially prepared lactose. The tomahawk
form of erystal is predominant and the crystal faces and edges are
clearly outlined. There is a greater uniformity in the size of the
crystals than in the lactose present in the sandy material.  There
are no beta anhydride lactose crystals present. The more perfect

Fig. 7.—Commercially Prepared Lactose Showing Alpha Form (Magnification 100x)
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crystal form of the commercially prepared lactose compared with
the lactose of the sandy material removed from ice cream shows
the effect of the various factors such as the concentration of the vari-
ous ingredients in the ice cream mix, heat shocking, and the method
of isolation upon the crystal form of the sandy material.

TABLE 2.—COMMERCIAL ICE CREAMS OF DIFFERENT FLAVORS SHOWING
PRESENCE OF ALPHA AND BETA LACTOSE CRYSTALS

Serum Age of
Sample Type of Solids Ice Cream Alpha Beta
No. Flavor Freezer per cent Weeks Lactose Lactose
1 Vanilla Vogt 12.00 12 + —+
2 Butterscotch Batch 11.00 4 + -+
3 Black Walnut Vogt 11.00 12 -+ -~
4 Nut Batch 12.00 4 + +

Fig. 8.—Alpha Lactose Crystals in the Process of Formz;tion (Magnification 100x)

Table 2 shows the presence of both alpha and beta lactose in sandy
ice cream obtained in the local market. Sample 1 showed typical
lactose crystal formation of both types, while in samples 2, 3, and 4,
the alpha lactose crystals were less numerous and in the process of
formation. Sandiness had not developed as fully in the latter three
samples as in sample 1. An average of three or four beta lactose crys-
tals were present in each field.

Figure 8 shows alpha lactose crystals in the process of formation
in samples 2, 3 and 4, Table 2. The grouping of the needle-like
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crystals into a cluster in the formation of a larger erystal of alpha
lactose is clearly shown.

Between Crossed Nicols (Magnification 100x)
Fig. 9.—Formation of Alpha Lactose Crystals on a Nut Particle.

Figure 9 shows the formation of alpha lactose crystals on a nut
particle.
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Figure 10 was taken at a temperature of -14 degrees Fahrenheit
with an oil of 1.41 refractive index and shows the texture of sandy
ice cream and the presence of an alpha lactose crystal as it oceurs in

Fig. 10.—Presence of An Alpha Lactose Crystal in a Section of Sandy Ice Cream
(Magnification 100x)

Fig. 11.—Presence of Beta Lactose in Sandy Ice Cream (Magnification 100x)
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the ice cream. The texture of the ice cream shows the effect of heat
shocking.

Figure 11 shows the presence of crystals of beta lactose which ap-
pear in the center of the photomicrograph. The effect of heat shoek-
ing on the texture of the ice cream can also be observed.

DISCUSSION

It is thought that the immediate factor causing the formation of
sandiness in the samples of high serum solids ice cream held in the
dispensing cabinet three months and subsequently placed in the hard-
ening room for five months was the storage temperature difference
between the dispensing cabinet at 6 and 10 degrees Fahrenheit and
the hardening room -10 degrees Fahrenheit. This temperature dif-
ference can be interpreted as a mild form of heat shock and provides
the condition necessary to cause the formation of sandiness in the
high serum solids ice cream.

The presence of beta anhydride lactose in sandy material isolated
from ice cream may be the result of a combination of several factors.
The establishment of an equilibrium between beta and alpha lactose
takes place very slowly at hardening room temperatures. It is then
quite apparent that the factors promoting sandiness, and in particular,
the formation of both alpha and beta lactose may be as follows: (a)
the storage period of 8 months, (b) the temperature difference of a
dispensing cabinet at 6 and 10 degrees Fahrenheit and the hardening
room temperature of -10 degrees Fahrenheit, and (c¢) the high serum
solids content of 15.5 per cent.

The sandy material isolated from several commercial samples of ice
cream showed a different stage of crystal development than the
sandy material found in the high serum solids ice cream. The erys-
tals isolated from the commercial samples of ice cream showed the
formation of alpha lactose crystals, and under favorable conditions
for crystal growth and the promotion of sandiness, these crystals could
be grown to the size and shape of the alpha lactose crystals present
in the sandy material isolated from the high serum solids ice cream.

CONCLUSIONS

1. The optical data relating to the two forms of lactose present in
the sandy material agreed with Wherry’s (24) data for alpha hy-
drate and beta anhydride lactose.

2. Alpha hydrate and beta anhydride lactose, with the alpha form
predominating, were found to be the only substances occurring as
sandy material isolated from high serum solids ice cream.
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3. Sandy material isolated from commercial ice creams showed
alpha hydrate lactose crystals in the process of formation. The almost
total absence of beta lactose crystals was apparently due to the fact
that insufficient time had elapsed to permit this type of erystal to form
and develop.

4. Pronounced sandiness formed in the high serum solids ice cream
held in a dispensing cabinet at 6 and 10 degrees Fahrenhtit for 3
months and subsequently maintained at -10 degrees Fahrenheit for
five months. However, sandiness did not develop in the high serum
solids ice cream which was held at -10 degrees Fahrenheit for 12
months because of the fact that it was held at a uniformly low temper-
ature contrasted with the ice cream subjected to variable temper-
atures.

5. When using a modification of the technique of Zoller and Wil-
liams (2) and the optical data determined on commerecially prepared
lactose by Wherry (24) it was possible to identify the substances
present in sandy material from ice creams as alpha and beta lactose.

6. Commercial ice creams in which sandiness had developed suf-
ficiently to be detectable in the mouth showed alpha lactose erystals
in the process of formation.
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