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Sorption and Diffuision of Water in Dry Soybeans

@. D, Baravacos

New York State Agricultural Bxperiment Station, Cornell University, Geneva, New York 14456

SUMMARY

The water sorption isotherms of
dry soybeans at 30°C were doter-
mined with a vacuum sorption appa-
ratus, The apparent diffusivity of
water was estimated from measure-
ments of the sorption rates and it
was found to inerease significantly at
higher moisture contents, Defatted
soyhcans sorbed more water and at a
faster rate than full-fat beans. The
sorption characteristics are important
in the processing, storage and use of
dehydrated soybean produets,

INTRODUCTION

Dry soybeans are a large volume
crop which is utilized in the U, 8.
mainly for the extrastion of oil and
the production of soybean meal. Con-
sidernble interest has arisen during
recent years in the utilization of soy-
beans in human nutrition because of
their high protein content. New prod-
uets have been developed such as tex-
tured protein products, extruded meal
nnd soy milk,

Most of the manufacturing pro-
cesses involve absorption of water by
the dry soybeans which facilitates fur-
ther processing. Tho absorption of
wator and the conditions required for
optimum hydration have not been in-

vestigated in detzil. Some empirical
observations have been reported in the
literature. Smith et al. (1061) ob-
served that the sced coat is an impor-
tant barrier to the absorption of water
and that the absorption rate decreases
at lower moisture contents, The phys-
ical and chemical structure of the soy-
beans has an important effect on the
absorption of water. Some “hard”
beans absorh water very slowly and,
since they are usually smaller in size,
they can be separated by volume either
as dry heans or after absorption of
water (Bourne, 1067).

The storage conditions and time
may have an important effect on the
absorption of water by soybeans and
other dry beans. Burr et al, (1068)
found that the cooking time of severul
varieties of dry beans inerensed after
extended storage at moisture contents
higher than 109 ard temperatures
higher than 50°F. Dry soybeans nor-
mally contain less than 109 moisture
and, therefore, extended storaga at
ambient temporatures should not have
any signifieant effeet on their water-
ahsorption capacity.

A number of processes have been
proposed in tho lnst few years for the
development of quick-cooking dry

beans, The aim of these methods is to
reduce the long cooking time which is
needed for most beans. The suggested
processes include precocking followed
by air-drying (Steinkraus et al,,
1064), explosive puff-drying of par-
tially hydrated beans (Adler, 19G4)
and vacuum treatment in a solution
of inorganie salts followed hy air-
drying (Rockland et al, 1867). The
last method was appiied to several dry
beans including soybeans. Mustakns
et al, (1064) developed an extrusion
process at high tempernture for pre-
paring a quick-cooking soyhenn flour.

Very little work has been ceported
on the sorption of water vapor by dry
heans or dehydrated bean produets,
Weston et al. (1054) mensured the
equilibrium isotherms of seven varie-
tics of beans other than soyheans,
They reported that variety had no

. effect on the moisture equilibria but

it influenced the rate of sorption of
water.

The present study was intended to
obtain fundamental data on the water
sorption propertics of dry soyheans,
This information is needed for under-
standing the mechanism of water ab-
sorption and cvaluating the storage
and rchydration characteristics of dry



goybean products,

 EXPERIMENTAL

Commercial samplea of two varieties
of dry soybeans, Clark and Harasoy,
were used in this study. The soybeans
contained 6 to 8% moisture and were
stored at room temperature 6 to 12
months before they were used in the
sorption experiments. Soybeans of
normal size were used and the small-
sized beans of each sample were re-
jected because of their slow absorp-
tion of water. The seed coats of about
‘5 g of soybeans were removed and the
separated cotyledons were stored at
76% Relative Humidity for one week.
Two main types of experimental sam-
ples were used, 1) the separated coty-
ledons and 2) thin slices of uniform
thickness (1 mm) eut with u blade
from the middle of the moisture-
equilibrated cotyledons. Additional ex-
periments were performed with intact
whole beans and freeze-dried whole
heans. The latter were prepared by
hydrating dry whole soybeans in water
at room temperature and vacuum
freeze-drying in a conventional lab-
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oratory apparatus to & moisture con-
tent of 2%.

Defatted soybean samples were pre-
pared by extraction of the oil from
dehydrated thin slices with n-hexane,
The szoybeans used in this work con-
tained 209 oil and other hexane-
extractable materials. The defatted
slices were vacuum-dried to remove all
the solvent before the water sorption
measurements were made.

The moisture equilibrin and the
sorption rates were measured in a
McBain vacuum sorption apparatus
similar to that described by Saravacos
(1967). The quartz spring extension

. (3.3 mg/min) was mensured with a

cathetometer which had an accuracy
of #0.1 mm, All measurements were
made in vacuum (absolute pressure,
0.1 mm Hg) and at a constant tem-
perature of 30°C. The constant rela-
tive humidities were maintained with
saturated salt solutions.

Each sorption isotherm was deter-
mined on a sample of approximately
6500 mg dry weight, The sample was
first equilibrated at 759% R. H. and
the desorption isotherm was deter-

\

mined first, followed by the adsorp-
tion isotherm, Finally the dry weight
of the sample was determined by
vacuum-drying in the same apparatus
at 50°C until a constant weight was
reached. All determinations were made
in duplicate on two separate samples
and the average values are reported.

RESULTS AND DISCUSSION

Sorption isotherms. Figure 1 shows
the cquilibrium sorption isotherms of
Clark soybeans at 30°C. The same
isotherms were obtained with thin
slices, ecotyledons and whole beans,
With thin slices, equilibrium was
reachad in 12 to 24 hr, while cotyle-
dens required 2 to 6 days. Whole soy-
heans required 1 to 3 weeks to reach
equilibrium. A similar isotherm was
obtained with freeze-dried whole Clark
soybeans and equilibrinm was reached -
within 2 days. The presence of the
seed coat did not have any effect on
the equilibrium moisture content.

No significant difference was noticed
between the sorption isotherms of the
two varieties of soybeans. TFigure 2
shows the isotherms of normal and de-

VT T T T 1 7 L
v L - o L

(']
. a
o | o ADBIRPTION _
E DESO E
Q [}
ool— ESORPTION _
Er - =
(7] w
e - E
3
o 8
" i
v u
a L
9 g
S -
" ®

| |

© ADSORPTION

® DESORPTION

SR I N N TR

° 20 40 80

80 100

40 60 80 100

% RELATIVE HUMIDITY

Pig., 2. Equilibrium sorption isotherms of full-fat and de-
fatted Harasoy soybeans at 80°C,
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?‘l)g. 1. Equilibrium sorption isotherms of Clark soybeans at
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fatted Harssoy soybeans, Defatted
soybeans sorbed higher amounts of
water over the entire relative humidity
span, The removal of oil und other
hydrophobie materials increases the
percentage of protein and polysaccha-
rides which have a higher sorption
capacity. The percent increase in sorp-
tion eapncity is greater than the per-
cent of fat removed (209, which sug-
gests that polar water-holding sites
may be uncovered during defaiting.
At the same time, the extraction of
oil increases significantly the rates of
sorption, as discussed later in this

paper.

The sorption isotherms shown in,

Tigures 1 and 2 formn definite hyster-
esis loops below 609 R. H., ie. the
desorption isotherm lies above the ad-
sorption isotherm in this region of
water activity. The phenomenon of
hysteresis has been found in several
foods and it may be caused by the
physical structure of the polymerio
food materials (Labuza, 1968).

Diffusivity of water. Kinetioc data
of the sorption of water vapor by thin
slices of soybeans were used for the
caleulation of the apparent diffusivity.
The circular slices used in these mea-
surements were 1 mm thick and 7 mmn
in diameter, It was assumed that dif-
fusion of water was onec-dimensional,
i.e. the side effect was neglected. It
was also assnmed that the rate-
controlling process was the diffusion
of water within the mass of the soy-
hean elices and .that the resistances in
the vapor phase and the vapor-solid
interface were negligible. Under these
conditions, the apparent diffusivity of
water can be estimated from adsorp-
tion and desorption data using a
gimplified solution of the differential
equation for unsteady state diffusion
(Saravacos, 1967).

Figure 3 shows the apparent dif-
fusivity of water in ITarasoy soybeans
at various relative humidities (at
30°C). The diffusivity in full-fat
beans increased significantly as the
relative humidity (or the moisture
content of the sainple) wag increasad.
In the defatted soybeans, the diffusiv-
ity of water was much higher and it
was not affected by the relative hu-
midity. )

The full-fat soybean samples ex-
panded signifiecnntly as their moisture
content was inerensed, This expan-
gion, due to adsorption of water, is
analugous to the expansion of various
brans during hydration in water. The
volume incrense of dry beans by ab-
sorption of water may be similar to
the volume changes of cereal grains,
which have been found to follow a
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Fig. 3. Apparent diffusivities of

water vapor in Harasoy soybeans at
+80°C (air pressure, 0.1 mm Hg).

diffusion-like mechanism (Fan et al.,
1962).

The higher apparent difusivity of
water in ihe defatted soybeans is evi-
dently due to the porous structure of
the samples, which was caused by the
solvent extraction of the oil and the
other lipid compounds. The defatted
samples were more bulky than the
full-fat soybean samples of the same
moisture content. Their appearance
and sorption characteristics were anal-
ogous to those of puff-dried potato,
while the full-fat soybeans resembled
the air-dried potato (Saravacos, 1967).
The sorption rates in freeze-dried,
full-fat soybeans were similar to the
corresponding defatted beans, due,
cevidently, to the highly porous struc-
ture created by freeze-drying.

The sced coat of whole soybeans was
found to decrease the rates of water
gorption. However, it was not clear
that this reduction is caused by the
resistance to moisture transfer through
the sced coat. It was noticed that
when the seed coats were removed
from the whole beans, the cotyledons
tended to separate during the sorp-
tion processes, facilitating the trans-
fer of water, On the other hand, seced
coats held the cotyledons tightly to-
gether, inerensing the path of diffusion
of water within each bean,

The difference in sorption rates be-
tween full-fat and defalicd soybeans
ean be explained on the basis of the
mechnnisms of heat and mass transfer
(King, i068). Depending on the ex-
ternal and internal conditions of a
water sorption system, the transfer of
water or the transfer of the heat of
sorption may be the controlling fac-

ot

tors. In the experimental arrangement
used in our work, external transfer of
water vapor to or from the sample
surface was very fast because of the
high vacuum in the apparatus.

In full-fat soybeans, the rate limit-
ing factor wes internal mass transfer
because of the low porosity of the ma-
terial, Increasing the moisture econ-

_ tent expanded the volume of the sam-

plo and diffusion was accelerated. In
defatted soybeans, the high apparent
diffusivity of water and its indepen-
dence from the moisture content sug-
gest that esxternal heat transfer was
the rate controlling factor.

In applying the sorption datn of
this report to soybean produects, it
must be recognized that while pressure
has no effect on .the moisture equilib-
ria, the sorption rates may be affected
adversely at atmospheric pressure,
particularly in porous produets. It is
also obwvious that further studies of
the sorption characteristics of special
dry bean products &re needed.

RETERENOCES

Adler, I. L. 1064. TFood produet and
process. Canadian Patent No, 700,
002,

Bourne, M. C. 1967, S8ize, density, and
hardshell in dry beans., Food Teoh-
nol. 21, 335.

Burr, I, K., Kon, 8. and Morris, 11, J.
1968, Cooking rate of dry beans ns
influenced by moisture content and
tomperature and time of «torage,
Food Technol. 22, 336,

Fun, L. T,, Chung, D. 8 and Shallen-
borger, J. A, 1862, Volumo increasa
of kerncls of corn and sorghum ne-
companying absorption of liquid
water. Blotech, and DBioeng. 4, 311,

King, J. C. 1068. Rates of moisture
sorption and desorption in porous,
dried foodstuffs. Food Technoi, 22,
609.

Labuza, T. P. 1968, Sorption plonom-
ena in foods. Food Technol, 22, 263.

Mustakas, G, IK, Griflin, E. 1., Allen,
I.., E. and Smith, O, B, 1064. Pro-
duction and nutritionnl evaluation
of extrusion cooked full fat soybean
flour. J. 4m. Qil Chem. Soo. 41, 007.

Zwuckland, L. B, and Metzler, E. A, 1967,
Quick-cooking lima and othor dry
beans, Food Technol. 21, 344,

Saravacos, G. D. 1067, Iifect of the
drying method on the water sorp-
tion of dehydrated apple and po-
wito, J. Food 8ei. 32, 81,

8mith, A, K. and Nash, A, M. 1061,
Water absorption of soybeans,
J. Am. 0il Chem. 8oo. 38, 120,

Steinkraus, K. H., Van Buren, J. P,
LaBello, R. L. and IHand, D. B,
1904. Bome studics on the produe-
tion of precooked dehydrated benna.
Yood 1'schnol, 18, 1045,

Weston, W. J. and Morris, II. J, 1054,
Hygroscopie oquilitrin of dry beans.
Food Technol, 8, 363,

Ms, recoived 5/12/68; revised 6/0/09;

accepted 7/81/09.

New York Stato Aﬁiculturnl Expori-
meont Station Journal No. 1708,






