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ABSTRACT: Sesame seeds were dehulled mechanically and
in 10% sodium chloride solution before oil extraction and dry-
ing to obtain the flour. The effect of these dehulling methods on
the proximate composition, oil and water absorption, emulsifi-
cation, and foaming properties of the flour was investigated. The
effect of desolventizing temperatures (80, 90, and 100°C) on
these properties was also investigated. Protein contents of seeds,
dehulled mechanically (MDSF) and in 10% NaCl solution
(SDSF), were 58.5 and 52.1%, respectively. Carbohydrate and
ash contents of both flours also varied. The oil and water ab-
sorption capacities of the flours were 268 and 252% for MDSF
and 370 and 410% for SDSF, respectively. The emulsion capac-
ity of the MDSF sample was slightly lower (20.0 mL oil/g sam-
ple) but more stable than the SDSF sample, whose value was
20.4 mL oil/g sample. The foam capacity of MDSF was, how-
ever, higher (48.5%) but less stable than SDSF (33.7%). An in-
crease in desolventizing temperatures of the meal led to in-
creases in oil and water absorption capacities of the flours.
Foam and emulsion capacities, on the other hand, decreased
with increase in temperature. Desolventizing temperatures had
no effect on the stability of the formed emulsion but had a de-
creasing effect on the stability of the foam.
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Sesame (Sesamum indicum L. ) is an oil-bearing seed and is
ranked as one of the highest in oil content (1). The meal ob-
tained after oil extraction is a good source of protein, ranging
from 400-500 g/kg dry matter, depending on the method of
oil extraction (2). Sesame protein is high in methionine
(3.2%), which is unusual for most plant proteins (3,4), and
the defatted meal prepared from dehulled seeds does not con-
tain undesirable pigments (4). These unique properties render
sesame seed an excellent protein source for supplementing
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soybean, peanut, and other vegetable proteins, which lack
sufficient methionine, to increase their nutritive qualities.

In conventional processing where oil is the major product,
the whole seed is usually crushed and the oil is extracted. The
by-product (meal) is usually fed to animals as a protein
source. But, in areas where the meal is eaten by human be-
ings, dehulling is necessary because the hull contains unde-
sirable oxalic acid (2-3%), which could complex with cal-
cium and reduce its availability (5). The hull also contains
undigestible fiber, which impairs digestibility of the protein
and imparts a dark color to the meal. Dehulling improves the
nutritional and flavor characteristics of the meal and leads to
the production of a glossy white product (3). It also leads to
an increase in protein content, reduction in fiber content, and
improvement in the functional characteristics of the protein.

Several dehulling methods have been reported by various
investigators (5-7). However, the effect of these dehulling
methods on the functionality of the sesame seed flour has not
been investigated. Also, because most protein products would
require exposure to rather severe heat treatment, the effect of
such processing conditions on functionality merits investiga-
tion. This study was, therefore, designed to provide basic in-
formation on the effect of dehulling methods and desolven-
tizing temperatures on the proximate composition, oil and
water absorption, emulsification, and foaming properties of
sesame seed flour.

MATERIALS AND METHODS

Sesame seeds were purchased from three different markets in
Makurdi, the capital of Benue State, Nigeria. The seeds were
thoroughly mixed to obtain the composite sample used for
this study. The mixed seeds were divided into two equal por-
tions. The first portion was dehulled in 10% NaCl solution,
and the second portion was mechanically dehulled in an abra-
sive dehuller.

Dehulling by soaking in 10% NaCl solution. The method
as described by Toma et al. (6) was followed. This was done
by soaking one portion of the mixed seeds in 10% NaCl solu-
tion for 14 h. The seeds were then washed with tap water and,

JAOCS, Vol. 73, no. 9 (1996)



1134

while washing, they were rubbed by hand to decorticate them
and to remove the salinity. Water was then drained off, and
the seeds, together with the hulls, were sun-dried (31 + 1°C)
for 36 h. The seeds were separated from the hulls by winnow-
ing and screening.

Mechanical dehulling. The abrasive dehuller, designed and
fabricated by the Federal Institute of Industrial Research, Os-
hodi (FIIRO) (Lagos, Nigeria), was used for dehulling the
second portion of the seeds. This was done by pouring the
seeds into the abrasive machine. Enough water was added to
cover the seeds. The machine was operated manually, and the
seeds were dehulled within 10 min of operation. The seeds
were separated from the hulls by the principle of flotation.
The hulls were decanted with water. The seeds were further
washed to remove the remaining hulls from the seeds. The
seeds were then sun-dried (31 + 1°C) for 36 h.

Preparation of sesame seed flour. Dehulled seeds were
flaked and extracted with food-grade n-hexane (B.P. 60°C) in
a continuous Soxhlet apparatus for 12 h. The meal was desol-
ventized in an oven at 65°C for 8 h and milled to pass through
a 75-mesh screen. Flour from mechanically dehulled seeds
was designated as MDSF, and that from seeds soaked in salt
solution prior to dehulling was designated as SDSF.

To study the effect of temperature on some functional
properties of the flour, desolventization was carried out at 80,
90, and 100°C, respectively.

Analytical procedures. Moisture, fat, protein, crude fiber,
and ash were determined according to the procedures of the
AOAC (8). The carbohydrate was calculated by difference
.

Functional properties. Oil absorption, water absorption,
and emulsion properties were determined by the methods de-
scribed by Okezie and Bello (10). For foaming properties, the
method described by Lin et al. (11) was followed. Foam ca-
pacity (FC) was expressed as percentage volume increase and
calculated as:

_ vol after whipping—~vol before whipping %1

FC 00 (1]

vol before whipping
Foaming stability was determined by measuring the foam
height at intervals of 30, 60, 90, 120, 150, 180, and 210 min.

RESULTS AND DISCUSSION

Preliminary investigations revealed that dehulling in the abra-
sive equipment designed by FIIRO was faster (less than 10
min) than the method involving soaking the seeds in 10%
sodium chloride solution for 14 h before washing to decorti-
cate them. However, the dehulling methods did not affect the
oil content of the seeds, flour color, and yield.

Proximate composition of the flours. The proximate com-
positions of both flours (MDSF and SDSF) are shown in
Table 1. The protein content of MDSF was higher (58.5 +
0.5%) than that of SDSF, whose value was 52.1 + 0.4%.
Sesame protein is mostly made up of salt-soluble globulins
(5). Therefore, the low protein content in the SDSF sample
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TABLE 1
Effect of Dehulling Method on the Proximate Composition
of Sesame Flours?

Constituents

(%) MDSF SDSF

Moisture 70+£08 70+09
Fat 5.0+0.8 50+£0.6
Crude protein 58.5+0.5 52.1+0.4
Ash 6.5+0.7 4.8 +0.5
Crude fiber 3.0+0.6 3.0+0.6
Carbohydrate 20.0 + 0.1 28.1£0.3

?Values are means * standard deviations of triplicate determinations.
MDSF, flour from seeds dehulled mechanically; SDSF, flour from seeds
soaked in 10% NaCl solution before dehulling.

might be due to leaching out of part of the soluble proteins
into the salt solutions during soaking for 14 h. The low ash
content in sample SDSF may also be due to leaching of some
of the constituents into the salt water. Bencini (12) reported
earlier that the soaking of seeds caused loss of ash content.
Carbohydrate levels in the flours were 20.0 £ 0.1% and 28.1
+0.3% for MDSF and SDSF, respectively. This variation may
be attributed to the variation in other constituents, mainly pro-
tein. The percentage fiber for both flours shows that the level
of decortication was the same.

Oil and water absorption capacities. The results show that
both flours (MDSF and SDSF) exhibited a high degree of oil
absorption capacity at room temperature (Table 2). This could
lead to improvement of mouth feel and flavor retention of
foods. The oil absorption capacity of MDSF was, however,
higher (268%) than that of SDSF (252%), which could be at-
tributed to the higher protein content of MDSF. Kinsella (13)
attributed the mechanism of oil absorption mostly to the phys-
ical entrapment of oil and its binding to the polar chains of
protein. In spite of the differences in oil absorption capacity,
the results show that both flours would perform well in for-
mulated food products, such as coffee whiteners, dough, and
cakes.

Variation in water absorption capacity of the two flours
was observed, with SDSF having a higher absorption capac-
ity (410%) than MDSF (370%) (Table 2). The higher carbo-
hydrate content of SDSF could have contributed to its higher
water absorption capacity.

Emulsion capacity and stability. Data in Table 3 show the
emulsion capacity (EC) and emulsion stability (ES) of MDSF
and SDSF. The EC of SDSF was slightly higher (20.4/mL
oil/g sample) than that of MDSF (20.0/mL oil/g sample). It is
likely that the sodium chloride solution in which the seeds

TABLE 2
Oil and Water Absorption Capacities of Sesame Flour from Seeds
Dehulled Mechanically and in 10% NaCl Solution?

Sample Qil absorption (%) Water absorption (%)
MDSF 268 £ 0.3 370+ 04
SDSF 252 £ 0.1 410+ 0.5

“Values are means + standard deviation of triplicate determinations. See
Table 1 for abbreviations.
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TABLE 3

Emulsion Capacity and Stability of Sesame Flours as Influenced
by Dehulling Methods

Emulsion

capacity Emulsion stability

(mL oil/g [mL H,0 separated after time (min)]
Sample  sample) 30 60 90 120 150 180 210
MSDF  200x03 O 0 0 0 0 0 0

SDSF 20400 35 40 45 55 55 5.5 5.5

“Values are means + standard deviation of triplicate determinations. See
Table 1 for abbreviations.

were soaked (14 h) prior to decortication had some effect on
the conformational structure of the protein in SDSF and,
hence, the higher emulsion capacity. McWatters and Holmes
(14) reported, that, at pH 7.0 and above, soy flour suspended
in water showed lower EC than soy flour suspended in 0.1 M
and 1.0 M NaCl. Also, the higher level of carbohydrate con-
tent in SDSF might have contributed to its higher emulsifica-
tion capacity.

The emulsion formed by MDSF was, however, more sta-
ble than that formed by SDSF because there was no separa-
tion between the oil and water during the period of observa-
tion. This agrees with the report of Lin er al. (11), who stated
that whereas the EC decreases with protein concentration, the
stability significantly increases, reflecting the formation of a
thicker film around the emulsified droplet.

FC and stability. The foaming properties of the two flour sam-
ples varied (as shown in Table 4). MDSF with higher protein
content gave higher foaming capacity (48.5%) than SDSF
(33.7%). Shanmugasundaram and Venkataraman (15) associated
foamability with the rate of decrease of surface tension of
air/water interface caused by absorption of protein molecules.
The result obtained in this study agrees with Kinsella er al. (16),
who stated that the rate of absorption of protein is increased at
high concentrations of protein. A stability study of the foam
showed that MDSF was, however, less stable than SDSF (Table
4).

TABLE 4
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Effect of desolventizing temperature. Oil and water absorp-
tion capacities. The results show that increasing desolventizing
temperatures resulted in increases in oil and water absorption
capacities of the flour (Table 5). The increases ranged from 270
and 380% at 80°C to 321 and 416% at 100°C for oil and water
absorption capacities, respectively. This could be attributed to a
possible increase in the degree of denaturation and unfolding of
protein molecules as temperature was increased. This would in-
evitably increase the number of binding sites that were previ-
ously unavailable, thereby enhancing its absorption capacity
(16). Improvement in water-binding capacity of sunflower and
winged bean protein due to denaturation has been reported by
Lin et al. (11) and by Narayanae and Narasinga Rao (17). Also,
Kinsella et al. (16) reported that fat-binding capacity of soy pro-
tein was enhanced by denaturation of the protein, which ex-
posed apolar amino acids.

EC and ES. An increase in desolventizing temperatures of
the meal resulted in reduction of the emulsifying capacity of
the flour from 19.9 mL oil/g sample at 80°C to 17.3 mL oil/g
sample at 100°C. A similar reduction in emulsifying capacity
with increase in temperature was reported for soy and peanut
proteins (14,16). The decrease in emulsifying capacity of the
flour with increase in temperature might be due to the possi-
ble increase in the degree of protein denaturation as the tem-
perature was increased. McWatters and Holmes (14) stated
that protein denaturation at high temperatures reduces emul-
sifying activity; the effect may be due solely to decreased sol-
ubility. Smith and Circle (18) have stated that conventional
processing, such as steam deodorization and desolventization,
could cause concomitant denaturation of the major globulins
in soy protein and loss in some functional properties. How-
ever, an increase in desolventizing temperatures up to 100°C
did not affect the stability of the emulsion within the period
of observation (210 min) because it did not separate any aque-
ous phase.

FC and foam stability. An increase in desolventizing temper-
ature resulted in a decrease in foaming capacity, ranging from
28.7% at 80°C to 16.8% at 100°C (Table 6). A similar decrease

Foaming Capacity and Stability of Sesame Flour from MDSF and SDSF?

Volume before Volume after ~ Volume
whipping whipping increase Foam stability
Sample (mbL) (ml) (%} 30 60 a0 120 150 180
MDSF 101 150 48.5 141 137 127 127 119 117
SDSF 101 135 33.7 130 124 120 119 119 119

“Average of triplicate determinations. See Table 1 for abbreviations.

TABLE 5

Effect of Desolventizing Temperature on Qil and Water Absorption Capacities of Sesame Flour (MDSF)°

Treatment temperatures

Oil absorption capacity

Water absorption capacity

Sample °C) (%) (%)
MDSF 80 270+0.3 380 £ 0.1
90 309 + 0.2 393 £ 0.1
100 321 +0.2 416 £ 0.3

*Values are means + standard deviations of triplicate determinations. See Table 1 for abbreviation.
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TABLE 6
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Effect of Desolventizing Temperatures on the Foaming Capacity and Stability of Sesame Seed Flour (MDSF)”

Treatment  Volume before Volume after ~ Volume

temperature whipping whipping increase Foam stability [volume changes after time (min)]

) (mL) (mL) (%) 30 60 90 120 150 180
80 101 130 28.7 124 118 118 116 114 114
90 101 122 20.8 118 116 114 110 107 102

100 101 118 16.8 115 112 110 110 109 108

?Average of triplicate determinations. See Table 1 for abbreviations.

in FC with increase in heat processing had been reported (17,19).
Huffman et al. (19) associated the decrease in FC with an in-
crease in temperature to denaturation of the protein and subse-
quent loss of solubility.

Stability of the foam also decreased with an increase in tem-
perature (Table 6). This observation agrees with Kinsella et al.
(16) who stated that limited surface denaturation is required to
impart viscosity and rigidity to the interfacial film for foam sta-
bilization, but excessive denaturation of proteins destabilizes

" the foam.

In conclusion, this study revealed that, besides being
faster, mechanical dehulling produced flour with higher pro-
tein content, oil and foaming capacities, and ES. Water ab-
sorption, EC, and foam stability were, however, lower than
that of flour from seeds soaked in 10% NaCl solution prior to
decortication. High desolventizing temperatures led to in-
creases in oil and water absorption capacities but to decreases
in both emulsion and foaming properties.
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