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ABSTRACT

Differential scanning calorimetry is used to obtain specific heats of
the «, 8,, 8/ and 8 phases of trimargarin and tristearin in the tem-
perature range from 190-350 K. Unequal specific heats are observed
for g’ phases of the 2 lipids in contrast to nearly coincident values
for their respective @ and B phases. These results are discussed on
the basis of odd vs even chain length triglycerides.

INTRODUCTION

Previous investigations of trimargarin and tristearin have
established the existence of 2 intermediate §'phases (1,2).
They were conducted to gain information on the contrast-
ing physical properties of even vs odd chain-length mono-
acid saturated triglycerides. Raman and infrared (IR)
spectroscopy, X-ray diffraction and differential scanning
calorimetry provide insight into the causes, but do not give
total understanding of the even-odd anomaly.

In this study, differential scanning calorimetry (DSC)
was used to obtain the specific heats of the 4 phases of
trimargarin and tristearin. The behavior of saturated trigly-
ceride solid-state phases are compared.

MATERIALS AND METHODS

Tristearin and trimargarin were purchased as white crystal-
line powders from Nu-Chek-Prep, Inc., Elysian, MN, and
were used without further purification. Purity was better

than 99% as determined by gas liquid chromatography
(GLQ).

Specific heat measurements were obtained with a
Perkin-Elmer Model DSC-2. The methods followed were
fundamentally the same as those described by O’Neill (3)
and McNaughton and Mortimer (4). A synthetic sapphire
chip was used for calibration. Sample weights ranged from
4.58-13.67 mg. Aluminum cups, covers and sapphire chip
were heated at 600 K before each study to achieve and
maintain a moisture-free system. Range was 5 mcal/sec.
Scanning rate was 20°/min. The temperature range of heat
capacity observations from 190 through 350 K was mea-
sured in 3 intervals: 185-245 K, 235-295 K and 285-355 K.

Specific phases of tristearin and trimargarin were pre-
pared as in earlier work (1,2). In addition, the §; form of
trimargatin was obtained by treatment in the DSC as fol-
lows. The phase was gradually developed by heating the 8,
phase at 10°/min until initial melting or transition of this
phase occurred by the beginning of a sharp endotherm.
Heating was halted and isothermal conditions were main-
tained until equilibrium was again established after a brief
exothermal reaction. This procedure was repeated until no
subsequent exothermal behavior was apparent.

Each phase was examined for a minimum of 5 runs.
Each run consisted of an individually distinct sample, but
some samples were used to examine more than one phase.

RESULTS AND DISCUSSION

Tables I and II contain specific heat values obtained for the
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TABLE I

Specific Heats of Trimargarin Phase States? (cal/g/® K)

T.D. SIMPSON, D.P. HOCKETT AND L. HARRIS

B

B

Temperature g8 B, 8, o
° (m.p. = 338)b (m.p. = 335) (m.p. = 333) (m.p. = 323)
340 - — — —
330 0.476 +0.016  0.630 +0.027 — -
320 0.434 $0.014  0.517 £0.012 0.535 £0.003 0.617 +0.014
310 0.410 +0.010  0.463 +0.007 0.490 £0.002  0.540 :0.008
300 0.392 +0.010  0.427 +0.004 0.456 +0.003 0.495 +0.007
290 0.377 £0.005  0.404 *0.005 0.429 £0.005  0.470 *0.006
280 0.359 0.004  0.386 +0.005 0.408 +0.006  0.448 *0.004
270 0.344 +0.005  0.367 +0.007 0.387 +0.005  0.425 +0.002
260 0.330 £0.005  0.350 £0.006 0.370 £0.004  0.404 +0.002
250 0.318 £0.007  0.333 +£0.006 0.352 £0.004  0.383 +0.002
240 0.301 £+0.004  0.318 #0.004 0.335 £0.004  0.361 +0.004
230 0.288 £0.003  0.302 +0.003 0.319 20.004  0.341 +0.003
220 0.277 +0.004  0.288 #0.004 0.304 £0.005  0.319 +0.004
210 0.266 +0.005  0.275 £0.005 0.291 £0.006  0.299 :0.004
200 0.254 +0.006  0.261 +0.004 0.278 :0.006  0.282 +0.006
190 0.245 +0.006  0.251 +0.008 0.262 0,006  0.265 +0.005

2Data are the means and standard deviations of 5 determinations.
Melting points are those of reference 2. The values found in this investigation were equal.

TABLE I

Specific Heats of Tristearin Phase States? (cal/g/ °K)

Temperature i 8y B . @
(°K) (m.p. = 345)b (m.p. = 337) (m.p. = 334) (m.p. = 328)
340 — - -
330 0.455 £0.009  0.526 +0.006 - -
320 0.430 £0.008  0.476 +0.008 0.498 £0.012  0.577 +0.013
310 0.406 +0.009  0.444 +0.005 0.463 +0.008  0.534 +0.015
300 0.385 £0.008  0.414 +0.004 0.433 0,008  0.490 +0.009
290 0.371 £0.005  0.392 £0.004 0.413 +0.006  0.464 +0.005
280 0.358 +0.006  0.373 =0.005 0.392 £0.003  0.443 £0.007
270 0.344 0,005  0.354 £0.003 0.374 +0.004  0.420 +0.007
260 0.330 £0.006  0.338 £0.004 0.355 +0.005  0.397 +0.005
250 0.314 £0.007  0.326 £0.003 0.335 £0.007  0.376 +0.006
240 0.301 £0.005  0.309 +0.002 0.323 +0.004  0.354 £0.004
230 0.289 £0.005  0.297 +0.004 0.309 +0.002  0.335 +0.003
220 0.278 £0.006  0.287 0.003 0.296 +0.003  0.313 0.006
210 0.266 +0.006  0.273 £0.002 0.282 £0.004  0.292 +0.006
200 0.254 £0.006  0.260 £0.003 0.267 £0.003  0.276 +0.005
190 0.245 £0.007  0.247 £0.003 0.252 £0,003  0.261 +0.003

3Data are the means and standard deviations of 5 independent determinations.
bMelting points are those of reference 1. The values found in this investigation were equal.

«, B5, By and B phases of trimargarin and tristearin. Char-
bonnet and Singleton (5) previously reported heat capaci-
ties for the a and f forms of tristearin below 275 K, which
agree with those determined here. Recently, tristearin
specific heat data for &, § and a 8 form were reported by
Hampson and Rothbart (6) in the temperature range 180-
380 K. The specific heat values of @ and f each averaged
0.031 cal/g/deg less than those reported here. Their 8
values average 0.029 cal/g/deg less than the tristearin
results reported here and 0.009 cal/g/deg less than the §;
values. From their method of preparation and because our
B2 values vary as much as the & and §§ forms, we concluded
that the §' form examined by Hampson and Roghbart was
actually the tristearin §; phase.

Figure 1 consists of the plots of specific heat values vs
temperature for each of the phases in trimargarin and
tristearin.

The heat capacity curves exhibit slope discontinuities
that have been reported previously (5). Charbonnet and
Singleton observed abrupt slope changes for all of the
triglycerides they studied (5). The deviations were con-
siderably below the final melting points. For tristearin,
their results gave a change in slope of the @ phase at about
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230 K and for the § phase at about 258 K. Bailey and
Singleton also reported this behavior earlier in a dilatome-
tric investigation of fats (7).

In Figure 1, the tristearin & phase shows a perceptible
change of slope at 210 K. Following the slope deviation at
210 K, the curve remains straight until 300 K, at which
point the curve exhibits a discontinuity by increasing at a
much faster rate. The data of Hampson and Rothbart also
exhibit the discontinuity at 300 K (6). They also observed
the increase in specific heat ar 210 K and attributed the
change to the reversible sub a-a second-order phase transi-
tion encountered earlier by Chapman (8), who observed the
transition to occur between 223-203 K. The sub « phase
represents a more ordered alkyl chain packing because of
reduced chain oscillation at lower temperature. Charbonnet
and Singleton showed the slope discontinuity at about 230
K (5). The difference of 20 degrees in the higher tempera-
ture of curve deviation is not significant because the tem-
perature of transition is within the limits observed by
Chapman. Furthermore, above 208 K, the values of Char-
bonnet and Singleton are within the boundaries of the
standard deviations of our work. This suggests either that
their specific heat values at lower temperatures are too high
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FIG. 1. Comparison of the specific heat plots of trimargarin (M) and
tristearin (S) phases. Trimargarin is represented by the solid curve
and tristearin by the dashed curve.

or that the true sub @~ transition temperature is hidden by
analysis error in the 210-230 K range.

B-Tristearin shows a similar discontinuity at ca. 250 K,
which agrees with Charbonnet and Singleton (5). The data
of Hampson and Rothbart are too irregular in this tempera-
ture range to draw any conclusions (6). The § phase data
are not precise enough to determine if the curve imme-
diately above the change at 250 K is straight or slightly
curved. Analogous to the « phase, the § form heat capacity
reveals a second discontinuity above 300 K where the heat
capacity increases much more rapidly, an effect also ob-
served in the results of Hampson and Rothbart (6). The
tristearin f§, phase exhibits the same trend as the & and §
forms with slope deviations at 250 and 300 K. The precise
location of f§; deviations is somewhat more complex and
will require additional data.

With trimargarin, similar observations hold. Discontinui-
ties occur at 210 K and 300 K for the o form. However,
the remaining 3 phases possessed definite heat capacity
discontinuities only at 300 K for 8 and at 310 K for the
B phase.

Charbonnet and Singleton: viewed the higher tempera-
ture discontinuity as an indication of premelting (5).
Brinkman, Fisher and Moncton (9) have extended a con-
cept of 2-dimensional melting, first put forth by Kosterlitz
and Thouless (10), and applied it .to liquid crystals and
lipids. Such systems consists of films 1-2 molecules thick.
Their concept is applicable here because the crystalline
domains of triglycerides are layered structures in which
intralayer packing is determined by lateral alkyl chain
interactions that are, in toto, much stronger than the in-
teractions that occur between layers at ends of the alkyl
chains. Within the lateral structure exist defects, e.g.,
as molecular or alkyl chain dislocations. With heating, the
order of the 2 dimensional system is gradually destroyed as
the defect areas increase in energy and size. As the tempera-
ture increases, the defects grow, creating liquid like do-
mains that destroy the lattice.

Figure 1 relates the specific heat curves of the tristearin
phases to those of trimargarin. The 2 S-phase curves are
nearly coincident. Examination of the 2 a-phase curves
shows they are parallel and virtually coincident except
above 310 K. At this point, the & phases of the 2 trigly-
cerides approach their transition temperatures at different
rates. The cause of this anomaly is not known.

Similar & and B heat capacities for these 2 triglycerides
were expected. Values of the even-membered triglyceride
heat capacities determined by Charbonnet and Singleton
for the @ and B phases from trilaurin through tristearin are
nearly equal for any given temperature (5). Although no
heat capacities of odd-membered triglycerides are given in
the literature, the heat capacities of even- and odd-saturated
alkanes from n-dodecane through n-octadecane exhibit the
same constancy in heat capacities (11). We assume, there-
fore, that the heat capacity values for trimargarin exemplify
those for odd chain-length triglycerides, C;5 through C,;,
and that tristearin does that same for even chain-length
triglycerides, Cjs throuth C,4. These ranges are derived
from the observation of Hagemann and Rothfus (12) that
cach triglyceride exhibited 2 § 'phases.

In contrast to the nearly equal heat capacities for the
corresponding « and f§ phases of tristearin and trimargarin,
the heat capacities of §; and 8, of tristearin do not coin-
cide with the respective " heat capacities of trimargarin.
Figure 1 reveals that the even and odd 8’ phase specific
heat curves are distinctly different from each other. Simi-
larity and dissimilarity between trimargarin .and tristearin
provide an interesting comparison with other physical
properties that alternate with even and odd chain length,
e.g., melting points and angles of tilt of the hydrocarbon
chain axes.

Melting points of triglyceride phases have been pro-
vided by Hagemann and Rothfus (12). The a-phase melting
points of even and odd triglycerides form a continuous
smooth curve. In contrast, S-phase melting points of these
molecules alternate between even- and odd-membered chain
lengths, the even being higher than the odd. Hagemann
Rothfus (12) show that the § ' phases also form a curve of
alternating melting points, although the severity of alter-
nation is much less than that of the § phase series.

Long spacings of the crystalline unit cells are measures
of the chain tilt of the hydrocarbon portion of the trigly-
ceride. If the long spacings of the even- and odd-membered
chain-length triglycerides, Cy; through Cig, are plotted vs
chain length, the following observations are made (8). The
a phase long spacings all fall on a linear line. For § phase
long spacings, the line through points for even-membered
triglycerides lies above that for odd-membered triglycerides,
i.e., an alternation exists between the 2 species for this
physical trait. A similar but opposite alternation occurs
for the § phase. The odd-membered chain-length species
possesses relatively greater long spacings than even-mem-
bered triglycerides.

As expected, no irregularity in the physical properties
of the & phases cccurred. Both odd and even long chain-
length lipids are known to pack hexagonally with chain
oscillation (13,14). The f§ phase heat capacities of the odd
and even triglycerides, trimargarin and tristearin, are equal.
Respective 8 heat capacities do differ significantly. This
contrast of congruent § phase heat capacities against un-
equal 8’ heat capacities is important, In previous compari-
sons of odd vs even triglyceride physical properties, the §
phase has exhibited alternation. The anomaly observed here
lacks an immediate explanation.

When the heat capacity curves for the 8 'states of trimar-
garin and tristearin are extrapolated to higher temperatures
than those in Figure 1, the following observations result.
The heat capacity values of the ' phases of trimargirin
cross at ca. 322 K, 11 degrees below the , melting point.
Extrapolations of curves of the ' phases of tristearin
converge at ca. 337 K, the melting temperature of the §;
state and higher than the , melting point. These extrapola-
tions show that only trimargarin attains a temperature
below either 8 melting point at which the structural ener-
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gies of both ( states appear to be equal. Whether the 2 f8
phases possess nearly identical solid-state structures at the
crossover temperature cannot be determined from our data.
Such a conclusion requires determination of molecular
volumes, coefficients of expansion, and the energy of the
B2 to 81 phase transition.

These results on individual solid phases of monoacid
triglycerides reinforce evidence that even and odd chain-
length saturated triglycerides exhibit distinctly different
polymorphic behavior. An explanation of the B specific
heat anomaly observed in this work might also.identify
reasons for the alternation of physical properties between
the 8 'states of even- and odd-membered triglycerides.
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sSeparation of Seed By-products by

an AC Electric Field
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ABSTRACT

A method for separating constituents of the by-products derived
from agricultural processes offers the possibility of recovering their
valuable components. Partial sorting by a unique electric field
enriches the protein concentration in sunflower-seed meal and
cottonseed meal by removing objectionable components such as
hulls or gossypol. Enrichment is accomplished by the dynamic
forces from an electric field that is created by a set of parallel elec-
trodes encased in a plastic panel and connected to an AC power
supply. When the panel is activated, particles on its surface become
charged, levitated and transported. When a mixture of particles con-
tacts the panel, a difference in the charge is imparted to the compo-
nents, opposite directions of transportation occur, and, then, the
particles separate. The separation, or sorting, offers an additional
possibility for upgrading agricultural products. Properties measured
for these products and their separated components are charge,
charge-to-mass ratio, size, size distribution, shape, moisture, nitro-
gen and gossypol. This new and direct method of separating compo-
nents seems independent of their size and shape, yet it is probably
dependent on the charge-to-mass ratio. The single-stage separation is
an analytical tool that might become an engineering process. The
electric panel of the contact type contains, transports and refines
materials—all without a cup, conveyor or filter touching the sample.
Its promise and versatility warrant considering the panel by itself
and in conjunction with other processes.

INTRODUCTION

In our research to apply electric fields for the processing
and evaluation of textiles, a significant accomplishment was
the induction of electrical charges in cotton fibers (1).
Using the concept that electric fields act without the need
of a mechanical continuum, a method was developed to
map the contours of such “wrinkled” surfaces as durable-
press fabrics (2). Most recently, the traveling-wave, electric-
curtain concept, as developed by Masuda (3), was success-
fully applied to the control and movement of different
fibers (4). The forces of an electric field can reduce the
energy consumed in moving machine parts, conserve the
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space required in aerodynamical processes and isolate work
areas.

While considering problems associated with the transport
of materials by a traveling-wave, a previously unreported
effect was discovered. The observation was made that most
materials of a mixture, when placed in an electric curtain,
move in one direction; yet, a small fraction, acted on by a
reverse force, moves in the opposite direction, resulting in
separation or sorting. Described here are such significant
separations as extracting gossypol from cottonseed flour,
minerals and pollen from the dust of mills and hull waste
from sunflower-seed powder. One goal of this report is to
demonstrate that potentially useful separations can be
accomplished solely with an AC electric field. A second
goal is to use the experimental evidence to develop an
understanding of this phenomenon and why it occurs,

MATERIALS AND METHODS

Samples

Three different agricultural mixtures, by-products of
processes, were used to determine the degree to which an
electric curtain could separate components. One material
chosen was crushed sunflower seed, the by-product of a
commercial oil-extraction process. The crushed seed con-
sists of potentially valuable seed proteins mixed with frag-
ments of the seed hulls. The similarities in the size of these
components render separation by normal procedures diffi-
cult. The second sample was the waste or unders from the
liquid cyclone process, which produces protein enriched
flour from cottonseed. These unders are essentially a mix-
ture of cottonseed proteins, pigmented particles of almost
pure gossypol and some protein particles contaminated
with gossypol. The third sample, waste collected at the
baghouse of a commercial grain elevator, was a multi-
component mixture of grain, dust, hull and chaff from
wheat.



