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seems that the closely related gossypol-like pigments
present in crude screw-pressed oils and included in
the values determined for total gossypol (14) in the
present investigation are responsible for the inerease
in bleach color of the erude oils on storage. This re-
lationship is illustrated by the data shown in Figure
1, where the initial content of total gossypol pigments
in the crude oils is plotted against the increase in
bleach color after storage of the crude oils for 40 days
at 95-100°F.

Summary

Processing conditions, particularly cooking proce-
dures, have a marked influence on the chemical prop-
erties of screw-pressed meal and oil. Cooking prepared
meats at 240-250°F., as in normal mill practice, pro-
duced meals with low free gossypol content but at the
expense of considerable protein damage. The resultant
erude oils showed some color reversion upon storage
at 95°F. Dry cooking (7% moisture) at temperatures
not exceeding 200°F. gave meals of improved chemi-
cal properties, but the erude oils exhibited consider-
able color reversion on storage.

Wet low-temperature cooking (200-210°F.), fol-
lowed by evaporative cooling, yielded a meal inter-
mediate in quality between that for normal mill
practice and dry low-temperature cooking. The crude
oils, which corresponded to hydraulic-pressed oil, did
not exhibit any appreciable color reversion upon stor-
age at elevated temperatures.

The selection of processing conditions, mnotably
cooking, enables wide variations in the distribution of
gossypol between meal and oil.

The increase in the bleach color of crude oils stored
at 95-100°F. was found to be directly related to the
initial gossypol content of the crude oils.
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Aqueous Vapor Pressure of Soybean Meal and Its Fractions’

P. A. BELTER, C. R. LANCASTER,? and A. K. SMITH, Northern Utilization

Research Branch,® Peoria, lllinois

HE role of water in the maturing and storage of

soybeans and its effects on the changes in the

proteins, carbohydrates, and other constituents
of the bean have never been adequately evaluated.
These water-colloid relationships are of primary im-
portance in understanding processing operations in-
volving desolventizing, toasting, and dehydration of
soybean products as well as changes that occur during
storage of the beans or meal.

Beckel, Bull, and Hopper (1) have published data
showing the progressive denaturation of protein in
soybean meal by the application of increasing
amounts of moisture and heat. The moisture condi-
tions imposed on the meals were defined in terms of
the relative humidity maintained in the system during
heating and as such cannot be directly translated into
moisture content. Data have been reported on the
hygroscopicity of soybeans and soybean oil meals by
Ramstad and Geddes (11) and by Larmour, Sallans,

1Presented at fall meeting of American Oil Chemists’ Society, No-
vember 2-4, 1953, in Chicago, Il

2Formerly with the Northern Utilization Research Branch,

30ne of the branches of the Agricultural Research Service, U. 8.
Department of Agriculture,

and Craig (6). However in each case the information
was obtained by equilibrating the samples in a series
of desiceators, each containing a solution of constant
humidity, maintaining the temperature at 25°C., and
subsequently determining moisture contents. Such
information is adequate for low temperature investi-
gations. However processing conditions are seldom
at this temperature level, and in the present investi-
gations it was deemed necessary to include fempera-
ture as a variable. It is interesting to note that be-
cause of the empirical nature of the results obtained
by existing procedures for determining moisture of
biological materials, it has been advocated by Ma-
kower and Myers (8) that aqueous vapor pressure
replace the moisture determination as an indieation
of the extent of hydration.

The present investigation was undertaken to estab-
lish the moisture adsorbing capacity of soybean oil
meal and its fractions at various temperatures by a
manometric method. Such data will be applicable to
many practical soybean production problems as well
as to the storage of these materials.
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Materials and Methods

The materials investigated were a) undenatured
soybean oil meal, b) denatured soybean oil meal,
¢) the water-soluble fraction (pH — 7.4) of the meal,
and d) the solubles at pt 4.6 or the so-called ‘‘soy-
bean whey’’ fraction. Materials a) and b) were pre-
pared from 1948 Hawkeye beans. The beans were
cracked and flaked by methods simulating commerecial
practice, and the oil was removed to less that 1% with
hexane, b.p. 30°-60°C. The hexane was removed by
room temperature evaporation to give the wunde-
natured meal having an analysis of nitrogen 8.56%
and ash 6.58% on a moisture-free basis. The nitrogen
solubility in water was 74.09% as determined by the
procedure of Smith and Circle (12). Two denatured
meals were prepared by heating the undenatured ma-
terial in an autoclave a) for 30 minutes at atmos-
pherie pressure, and b) for 45 minutes at 15 p.s.i.g.
(121°C.). Nitrogen solubilities in water for these were
15.7 and 5.2%, respectively.

The water-soluble and whey fractions were pre-
pared from a composite of equal quantities of Lincoln,
Hawkeye, Adams, Wabash, and Blackhawk beans
from the 1950 crop. The water-soluble fraction was
prepared by extracting the undenatured hexane-
extracted flakes with water adjusted to pH 7.4 with
sodium hydroxide. The solution was clarified by
sereening, followed by centrifuging ; and the dissolved
solids were recovered by spray drying. The water
solubles contained 10.189, nitrogen, 1.0% reducing
sugar determined as glucose, 10.1% non-reducing
sugar determined as suerose, and 7.18% ash. The
whey solubles were prepared from the oil-free meal
of the composited flakes by extracting with water
adjusted to the pH 4.6 with hydrochlorie acid, elari-
fying the solution in a centrifuge, and recovering the
solubles in a spray dryer. This fraction analyzed
3.61% nitrogen, 3.4% reducing sugar determined as
glucose, 27.5% non-reducing sugar determined as
sucrose, and 17.18% ash.

Sample Preparation. The meal samples were ground
in a hammer mill so that substantially all passed a
100-mesh screen whereas the spray-dried materials
were used in their powdered form. The samples were
adjusted to various moisture levels in the range of
5 to 25% by conditioning in constant humidity desic-
cators containing sulfuric acid solutions of 20, 30,
45, 65, and 70%. Conditioning to higher moisture
levels was accomplished over distilled water in which
case it was necessary to limit the conditioning period
to a few days to prevent mold growth. A moisture
determination was made on each sample prior to its
vapor pressure determination by the A.0.C.S. Official
Method BA-2-38, which employs an oven temperature
of 130°C. for 2 hours. Calculations showed that the
loss in moisture content of the sample under vapor
pressure measurement was negligible beeause of the
small volume of the system over the sample, and con-
sequently the determination of the original moisture
was a satisfactory means of correlating the results.

Vapor Pressure Measurements. The aqueous vapor
pressure measurements were conducted in a mano-
metric system similar to that deseribed by Makower
and Myers (8) and also used by Vincent and Bristol

(13) and Fischbach (4). The apparatus is shown in-

Figure 1. The measuring system consisted of a small
sample container connected on one side to a moisture
trap and on the other side to a closed-end, U-tube
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Fig. 1. Apparatus for measuring the aqueons vapor pressure
of soybean oil meal and its fractions.

manometer. Two vacuum-type stopecocks were in-
serted in the apparatus, one at the outlet of the mois-
ture trap so the entire system could be evacuated and
closed to atmospheric conditions and the other so that
the sample could be isolated from the remainder of
the system. The sequence of their operation will be
explained in a description of the procedure. The
sample container was fabricated of approximately
2%% in. of 7 mm. tubing (to insure rapid heat transfer
to the sample) connected to a 24/40 standard taper
ground glass joint. The moisture trap and the ma-
nometer, 80 cm. long, were constructed of 10 mm.
combustion tubing. Mercury was used as the mano-
metric fluid throughout this investigation. The sam-
ple container, its ground glass joint, the stopcocks,
and the moisture trap were fabricated in one piece,
which was connected to the manometer by means of
a short length of Tygon tubing wired to the glass
tubing. The assembled apparatus was securely fas-
tened to a frame so that the entire unit could be
immersed in a large constant temperature bath. The
Tygon connection gave the apparatus sufficient flexi-
bility to minimize strain during the testing period in
the bath and permitted the removal of the manometer
for degassing operations. The manometer was fre-
quently checked against a standard barometer to in-
dicate the condition of the Torricellian seal. The bath
was thermostatically controlled to ==0.1°C. at the
desired temperature levels of 30, 40, 50, 60, and 80°C.
Only a few determinations were conducted at 80°C. to
establish the validity of extrapolating the straight
lines of the isosteric plots beyond the range of the
experimental data.
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The procedure for determining the aqueous pres-
sure of a sample was as follows. The bath was regu-
lated to the desired temperature, usually the lowest
one to be used. Approximately 0.25 g. of the sample
was placed in the containing tube and attached to the
rest of the system. The sample tube and the moisture
trap were immersed in dry ice-acetone baths, and the
system was evacuated by means of an oil pump. At
the end of the evacuation period, 15 minutes, the
stopcock on the moisture trap was closed, the cooling
baths were removed, and the entire assembly was
placed in a constant temperature bath. The system
remained in the bath until pressure and temperature
equilibrium had been approached as indicated by a
constant reading of the manometer over a period of
20-30 minutes. The mercury levels were measured by
a cathetometer with an accuracy of =+0.05 mm. of
mercury. Readings were taken every 5 minutes dur-
ing the test period. It was necessary gently to tap
the manometer between readings to prevent erroneous
values. Depending on the temperature level of the
determination, 14 to 2 hrs. were required for reaching
equilibrium.

After equilibrium had been established, the stop-
cock above the sample container was closed and the
system was removed from the bath. A dry ice-acetone
bath was placed around the moisture trap, and the
vaporized moisture was condensed from the system.
Any residual pressure reading caused by inadequate
initial evacuation or entrapped inert gases, originally
present in the sample which were released during the
test, was determined by this procedure. The difference
between the initial and final values was taken as the
aqueous vapor pressure of the sample. Density values
for mercury from the International Critical Tables
(5) were used to adjust the values to standard tem-
perature of 0°C,

The system was returned to the bath for measure-
ment at another temperature level, and the cycle de-
scribed was repeated.

Results and Discussion

The results of this investigation, although reported
as agueous vapor pressures, may be readily changed
to relative humidity. The experimental data for the
different temperature levels were smoothed by plot-
ting the measured vapor pressures versus moisture
content using logarithmic graph paper to cover the
entire range. These plots are reproduced in Figure 2
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for the undenatured and denatured meal samples and
in Figure 3 for the water and whey solubles.

The isothermal curves shown in Figures 2 and 3
have the sigmoid shape typical of adsorption phenom-
ena. They are characterized by an inflection point
considered by previous investigators (2, 3,9) to rep-
resent the limit of monolayer adsorption and the
beginning of ‘‘multilayer adsorption’ or ‘‘capillary
condensation.’”’ Examination of these isotherms indi-
cates that this limit exists at a moisture content be-
tween 4 and 5% for undenatured soybean meal and
the water-soluble fraction while the inflection point
is nearer 10% moisture for the whey solubles frac-
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tion. However the severe heat treatment received by
the denatured meal has altered the colloidal system so
that no inflection point was apparent at a value as low
as 314 % moisture. As will be shown later, substances
which influence the water adsorbing capacity of soy-
bean materials are present in the whey soluble carbo-
hydrate fraction, and they apparently decompose or
associate with other constituents of the meal on ex-
posure to extreme temperature. The partial destrue-
tion of the hydrophilic properties of soybean meal
with heat confirms a eonclusion previously reached
by Ramstad and Geddes (11).

It is interesting to note that all of the isotherms
approach the vapor pressure of pure water at ap-
proximately a moisture content of 60%. All moisture
below this value must be classified as ‘‘bound’’ which
does not exert its full vapor pressure at the tempera-
ture imposed on the sample. Difficulty of conditioning
samples at high moisture contents eliminates any
further precision in determining this value.

From Figures 2 and 3 values of agueous vapor
pressure for given moisture contents were obtained
by graphical interpolation and plotted by a method
proposed by Othmer (10). The vapor pressure is
plotted wversus temperature; the scale is established
by the vapor pressure of a reference material, in this
instance the vapor pressure of water. The advantage
of this method of plotting is that a linear relationship
exists between the aqueous vapor pressure of soybean
produects and the vapor pressure of water over a wide
range of temperatures. The isosteric lines so obtained
may be interpolated or extrapolated with more assur-
ance than can a plot of the logarithm of vapor pres-
sure versus the reciprocal of the absolute tempera-
ture as indicated by the Clausius-Clapeyron equation.
Furthermore the slope of the straight line is numer-
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ically equal to the ratio of the isosteric heat of de-
sorption to the latent heat of vaporization of water
at that temperature. This graphical presentation of
the data is given in Figure 4 for undenatured meal,
Figure 5 for the water-soluble fraction, Figure 6 for
denatured meal, and Figure 7 for the whey solubles.
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In order that a comparison might be made between
the results of this study and the results of other in-
vestigators reported in the literature for a tempera-
ture of 25°C., values of the aqueous vapor pressure
of nndenatured soybean meal were obtained by
graphical extrapolation to this temperature of the
isosteres of Figure 4 and converted into values of
relative humidity or saturation. These values and
those published by other authors are plotted in Fig-
ure 8. It appears that the data from different sources
and by different methods give results which agree
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within the experimental error of the measurements
below a relative humidity of 50% (or a moisture con-
tent of 9% ). Above this value the manometric pro-
cedure used in this investigation resulted in a higher
moisture content for any given humidity. Because of
the uncertainty of the moisture measurements and
the possible effect of physical dimensions in this
region of ‘‘capillary condensation,’’ it is not evident
at this time whether this difference is inherent in the
manometric technique or is a result of physical differ-
ences in the solid material used by the various investi-
gators. Such physical differences could be varietal in
nature or the result of the preparation procedures.
As previously stated, the slope of the isosteric lines
for any given moisture content is equal to the ratio of
the heat of desorption to the latent heat of vaporiza-
tion of water at that temperature. These ratios have
been determined for each of the materials and plotted
in Figure 9. It is apparent for all materials studied,
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F16.9. Variation of the ratio of heat desorption of water,
Lo, to latent heat of vaporization, Ly, with moisture content
for materials studied.

with the exception of the whey solubles, that this
ratio has a value of essentially 1.0 until a moisture
content of approximately 7% is reached. In the region
where this slope is essentially unity, the amount of
moisture adsorbed by the material is independent of
temperature and becomes a function of only one vari-
able, the relative humidity imposed on the sample. It
is also apparent that the state of denaturation of the
protein has been essentially eliminated as a variable
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at moisture contents above the critical value of 7%.
The importance of the relationship presented in Fig-
ure 8 becomes evident in that it is applicable to all
soybean oil meals irrespective of their history at
moisture contents above 7%. The Limitations on the
relationship between relative humidity and moisture
content shown in Figure 8 have been previously dis-
cussed. Below this moisture level the ratio rises
sharply and the water-adsorbing capacity becomes
temperature dependent. However the increase for
the whey solubles starts at a higher moisture content,
129%, and the change appears to be more gradual.
It is interesting to note that the sharp rise obtained
by Makower (7)in the study of whole eggs and attrib-
uted by him to be due to the proteins involved does
not oceur until a moisture content of 5% is reached.

In general, the data obtained in this study corrob-
orate visual observations that the materials increase
in hygroscepicity in the following order: denatured
meal, undenatured meal, water solubles, and whey
solubles. It might be expected that a lyophilized
product would give slightly different results from
those of the spray-dried materials. Such a conclusion
is improbable in view of the extreme heat treatment
required to alter the adsorbing characteristics of the
meal. Although proteins are known to be strongly
hydrophilie, comparison of the data and observations
from this investigation on soybean meals and frac-
tions indicate that there is a component or components
present in the complex system identified as the whey
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solubles which exerts considerable influence on the
water-adsorbing capacity of these materials. The
chemical nature of these materials, whether carbohy-
drates, phosphatides, or inorganic salts, is unknown
at present, but visual observations following addi-
tional fractionation of the whey solubles indicate that
the controlling substance or substances is present
in the dialyzable portion. No material commonly
defined as protein would occur in this fraction, and
it must be concluded that the protein is not the com-
ponent having the major influence on the hygrosco-
picity of the soybean oil meal and its fractions. The
significance of this observation is the subjeect of
another investigation.
REFERENCES

1. Beckel, A. C.,, Bull, W. C,, and Hopper, T. H,, Ind. Eng. Chem.,
34, 973 (1942).

2. Brunauer, S., Emmett, P. H., and Teller, E., J. Am. Chem. Soc.,
60, 309 (1938).

3. Emmett, P. H., ‘“Advances in Colloid Science,” Vol. 1, p. 1, New
York Interscience Publishers Ine., 1942. ’
4. Fischbach, H., J. Asso. Official Agr. Chem., 28, 186 (1945),

5. International Critieal Tables, Vol. II, p. 457, 19627.

6. Larmour, R. XK., Sallans, H. R., and Craig, B. M., Can. Jour. Res.,
22F, 1 (1944).

7. Makower, B., Ind. Eng. Chem. 37, 1018 (1945).

8. Makower, B., and Myers, 8., Proc. Inst. Food Pech., 156 (1943).

9. Makower, B., and Dehority, G. L., Ind. Eng. Chem. 85, 193
(1943).

10. )Othmer, D. F., and Sawyer, ¥, G., Ind. Eng. Chem, 35, 1269
(1943).

11. Ramstad, P. E., and Geddes, W. F., The Respiration and Storage
Behavior of Soybeans, University of Minnesota Agri. Expt. Sta. Tech.
Bul. 156. 1942, 54 pp.

12. Smith, A. K., and Circle, 8. J., Ind. Eng. Chem, 30, 1414
(1938).

13. Vincent, J. F.. and Bristol, K. E., Ind. Eng. Chem., Anal. Ed.,

17, 465 (1945).
[Received January 21, 1954]

T 1 AT \VAR Y IR R SR Y SN o U
i atl Vil studiles. v. -verergency cvaiuyarnon or oome

Nonionic Derivatives

G. E. KAPELLA, G. E. BARTELS, A. T. BALLUN, and J. V. KARABINOS,
Research Laboratories, Blockson Chemical Company, Joliet, Illinois

N a previous publication (1) the condensation of

tall oil with ethylene oxide to form nonionic deter-

gents was described. For optimum detergency,
approximately 13 moles of ethylene oxide was re-
quired per mole of tall oil. In such a molecule the
hydrophobie radical consists of rosin and fatty acids
containing unsaturated linkages, and the polyethe-
noxy radieal possesses a hydroxyl group at the end
of the hydrophilic chain.

R-(CI — CH)—C00-(CH,-CH,0),,-CH,-CH,-OH

Both of these funectional groups provide means of at-
taching other substituents, in the former case to the
hydrophobic portion of the molecule, and in the latter
to the hydrophilic group. The present study involves
the preparation of derivatives such as the chloro-,
bromo-, hydroxy-formoxy-, ete., of the hydrophobic
unsaturated and various urethanes and esters of the
hydrophilic hydroxyl group. In several additional
experiments the hydrophilic chain was extended with
ethylene oxide to 33, 43, and 57 moles of ethylene
oxide. Detergency values of all the derivatives syn-
thesized from the polyethenoxy tallate were deter-
mined on built mixtures.

Preparation of Derivatives

For these experiments a polyethenoxy tallate (I)
was prepared by accurately condensing 13 moles of

ethylene oxide with each mole of triple distilled In-
dusoil * (1, 2). The ethenoxy content of I was checked
by a saponification equivalent.

The chlorinated (I1) and brominated (I1I) deriva-
tives were prepared by completely saturating the
hydrophobiec groups in one case with chlorine in car-
bon tetrachloride solution and in the other with bro-
mine in ether. The ozonide (IV) was prepared by
direct combination of 20 g. of I with 2 g. of ozone (4).
The hydroxy-formoxy (V) and hydroxy-acetoxy (VI)
derivatives were synthesized by the previously de-
seribed (5) method by use of hydrogen peroxide and
formic and acetic acids, respectively. The maleic an-
hydride adduct (VII) was prepared by maintaining
9.8 g. of maleic anhydride with 86.2 g. of I at 80°C.
for two hours. An excessively chlorinated (VIII)
polyethenoxy tallate was prepared by bubbling chlo-
rine gas into 500 ml. of aqueous solution containing
86.2 g. of I for 16 hours. From the gain in weight it
was noted that approximately 20% of chlorine had
been introduced into the molecule; therefore it is
quite possible that along with addition to the double
bonds some chlorine may have been substituted along
the hydrophilic chain. Sulfation with sulfur trioxide
gas, using perchloroethylene as a solvent, followed by

1 West Virginia Paper and Pulp Company analyses indicate approxi-
mately 30 parts of rosin aeid to 70 parts of fatty acids and approximately
1.7 unsaturated groups for each tall oil unit. See Ref. 3 for the pro-
portions of different acids in tall oil.




