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Abstract

This work evaluated the functional properties of sesame protein fractions in order to determine their potential in food
applications. Sesame seed protein fractions were prepared according to their solubility: water-soluble (albumin), salt-
soluble (globulin), alkaline-soluble (glutelin) and ethanol-soluble (prolamin). Globulin was the most abundant fraction,
consisting of 91% protein, followed by glutelin, albumin and prolamin in decreasing order. Non-reducing sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) showed polypeptides of sizes ≥20 kDa for albumin
while glutelin and globulin had similar polypeptide sizes at 19, 85 and 100 kDa. Prolamin had polypeptide sizes 20, 40
and 100 kDa. The albumin and globulin fractions had higher intrinsic fluorescence intensity (FI) values than the glutelin.
Albumin had a higher solubility (ranging from 80 to 100%) over a wide pH range when compared with the other
fractions. Water holding capacity (g/g) reduced from 2.76 (glutelin) to 1.35 (prolamin) followed by 0.42 (globulin) and
0.08 (albumin). Oil holding capacity (g/g) reduced from: 4.13 (glutelin) to 2.57 (globulin) and 1.56, 1.50 for albumin and
prolamin respectively. Gelling ability was stronger for prolamin and glutelin than albumin and globulin, while higher
emulsion (p < 0.05) quality was obtained for prolamin and albumin than for glutelin and globulin.
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Introduction
Sesame (Sesamum indicum Linn) is an oilseed legume
with high protein content and considerable amounts of
essential amino acids. Sesame seeds are very nutritious
because they contain about 50% oil (Kanu et al. 2007)
and about (30–60%) protein (Demirhan and Özbek
2013). It is categorised as an underutilized oilseed with
respect to protein extraction and food formulation.
Sesame, which is fairly available all year, is an annual
crop of the Lamiales order and Pedaliaceae family
(Ghosh et al. 2005; Rajeswari et al. 2010). It is known to

grow in subtropical and tropical regions, and is well
adapted to withstand dry conditions. The sesame seed
plant grows on relatively poor soil and in climate unsuit-
able for other crops. Nearly 70% of the world’s sesame
seed production is from Asia with India, China and
Myanmar ranking as the world’s largest producers of the
crop (Namiki 1995). In the African continent which pro-
duces 26% of the world’s sesame seed, Sierra Leone,
Sudan, Nigeria and Uganda are recognized as the largest
producers (Namiki 1995).
In Nigeria, the black (NCRI-97-28) and white (NCRI-

98-60) sesame seed cultivars are mainly grown. The black
cultivar is mainly cultivated in some parts of Katsina state,
Kano (Dawanau), and Jigawa (near Hadejia) states, while
the white cultivar is mainly grown in Benue (Oturkpo),
Nassarawa (Doma), Jigawa (Malammadori) and Taraba
states (Makinde and Akinoso 2013). In Nigeria, sesame
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seed is underutilised because its use is restricted to
the crop-producing regions. The crop is usually
exported with minimal processing like cleaning and
drying. Locally, oil is usually pressed out from the seed
and the residue obtained from it is used with its leaves
to prepare a traditional soup called Miyartaushe, in
addition to being used as an ingredient in the prepar-
ation of other foods. Though its constituents are
widely used in food preparation, its utilisation is lim-
ited in food applications. This could be as a result of
limited information on the structural and functional
properties of sesame protein isolate fractions.
Protein fractions are important components of sesame

seed and they can be extracted based on their solubility
in various media. Functional properties of proteins affect
their behaviour in food systems. Therefore, understand-
ing these properties is essential to their application and
potential use in food systems.
Reports of earlier workers on functional properties of

plant protein fractions include; functional and antioxi-
dant properties of sesame seed flour (Lawal et al. 2019),
Buchholzia coriacea seed flour and protein concentrate
(Ijarotimi et al. 2018), sesame meal and sesame protein
isolate from Indian cultivar (Sharma et al. 2016), bam-
bara vicilin protein fractions (Arise et al. 2017), albumin
and globulin fractions from common buckwheat seeds
(Tang and Wang 2010), albumin, globulin and protein
isolate from soapnut seeds (Yin et al. 2011), as well as al-
bumin, globulin, glutelin and prolamin fractions from
Australian canola meals (Tan et al. 2011).
However, information is sparse on the functional

properties of sesame seed protein fractions. Therefore,
the aim of this study was to evaluate and compare the
physicochemical and functional properties (SDS-PAGE,
intrinsic fluorescence, surface hydrophobicity, protein
solubility, foam capacity, water absorption and oil ab-
sorption capacity, least gelation concentration and emul-
sion capacity) of sesame protein fractions as extracted
using different media: water (albumin), salt solution
(globulin), alkali solution (glutelin) and the ethanol solu-
tion (prolamin) proteins.

Materials and method
Materials
Sesame seeds (NCRI-98-60) cultivars were purchased
from a retail market in Kawo, Kaduna state, Nigeria. Re-
agents and chemicals were obtained from either Fisher
Scientific (Oakville, ON, Canada), or Sigma Chemicals (St.
Louis, MO, USA). Sesame seeds were milled into flour
with a Smartgrind® coffee grinder (CBG 100SC model,
Black & Decker, Baltimore, Maryland, USA), followed by
defatting using n-hexane for 8 h. The wet defatted flour
was air-dried in a fume hood and then stored at 4 °C.

Protein extraction
Sesame seed protein fractions were prepared using the
classical procedure of Osborne as reported by (Tan et al.
2011) with some modifications. Defatted sesame flour
(10% w/v) was extracted using ultrapure (Milli-Q®,
Millipore Corporation) water for 2 h with constant
stirring. The extract was centrifuged at 6500 x g for 30
min and the resultant supernatant was filtered using
cheesecloth (Fisher Scientific, 6665–8). The residue was
re-extracted with ultrapure water as described and the fil-
trates were pooled together and freeze-dried as the
albumin fraction. The residue was sequentially re-
suspended in 2% NaCl, 0.1M NaOH and 70% ethanol to
obtain globulin, glutelin and prolamin fractions following
corresponding centrifugation and filtration steps. To re-
move the salt and ethanol in the globulin and prolamin
samples respectively, both fractions were separately dia-
lyzed against 20 volumes of deionized water at 4 °C using
6–8 kDa molecular weight cut-off (MWCO) Spectra/Por1
cellulose membranes (Spectrum Labs, Rancho Domin-
guez, CA, USA). The dialysis was carried out over 3 days
with four daily changes of water. For glutelin, the fraction
was adjusted to pH 4.0 with 1M HCl and centrifuged at
6500 x g for 30min to obtain a precipitate that was then
re-suspended in five volumes of deionised water and ad-
justed to pH 7.0 with 1M NaOH. All the extracted protein
fractions were freeze-dried and stored at − 20 °C until
needed for further tests. The isoelectric precipitation
method, described by Malomo et al. (2014) was used to
prepare protein isolate, which is required for the calcula-
tion of protein yield of the sesame protein fractions. Defat-
ted sesame flour (10%, w/v) was suspended in deionized
water, the pH of the suspension was adjusted to 9.5 using
1M NaOH and stirred continuously for 1 h at 50 °C. The
solution was then centrifuged at 4000 x g for 10min at
4 °C. The supernatant obtained was adjusted to pH 4.9
using 1M HCl and stirred for 20min. The precipitate ob-
tained after centrifugation was washed twice with distilled
water to remove salt, re-dispersed in deionized water and
pH adjusted to 7.0 prior to freeze-drying to obtain the ses-
ame protein isolate. The protein yield was calculated in re-
lation to the protein isolate, in order to determine the
proportion of each of the protein fractions. The gross
weight of the individual freeze-dried protein fractions was
obtained, as well as the weight of the protein isolate. The
yield obtained was calculated as the ratio of the percentage
gross weight of the individual freeze-dried protein fraction
to the weight of sesame protein isolate (SPI) (Sathe and
Venkatachalam 2007).

Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)
Reducing and non-reducing Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) was
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carried out on the freeze dried protein fractions (albumin,
globulin, glutelin and prolamin) (Aluko and McIntosh
(2004)) with minor modifications. The samples were sus-
pended (10mg/mL) in Tris/HCl buffer, pH 8.0 containing
SDS (10% concentration) with 10% β-mercaptoethanol for
the reducing lane and that, containing only SDS for the
non-reducing lane. This was succeeded by heating (95 °C,
10min), cooling and centrifugation. This was followed by
loading 1 μL of supernatant onto 8–25% gradient gels, in
order to carry out the electrophoresis with Phast system
Separation and Development units (GE Healthcare,
Montréal, PQ, Canada). The molecular weight marker of
standard proteins (10–200 kDa), and the gels were stained
with Coomassie blue was used to analyse the approximate
molecular weights and proportions of the protein in each
of the scanned gel using the Image Quant TL 1D software
program (GE Healthcare, Montréal, PQ, Canada).

Intrinsic fluorescence
Fluorescence intensity (FI) spectra of the protein sam-
ples were obtained with the use of a JASCO FP-6300
spectrofluorimeter (Jasco, Tokyo, Japan) at 25 °C using a
1-cm path length cuvette as previously reported (Li and
Aluko 2006). Stock solutions of the protein fractions (20
mg/mL, protein content basis) were prepared in 0.1M
sodium phosphate buffer of various pH viz. pH 3.0, 5.0,
7.0 and 9.0. The mixture was shaken for 1 h at 25 °C,
followed by centrifugation. The supernatant of each pro-
tein fraction was diluted to 0.025 mg/mL and the sam-
ples were excited at 280 nm while emission was
recorded from 290 to 500 nm. Fluorescence emission
spectra of the samples were obtained by deducting the
emission spectrum of respective buffer blanks from the
emission spectrum of samples. The FI was expressed in
arbitrary units while Fmax is the maximum FI and ʎmax is
the wavelength at Fmax.

Surface hydrophobicity (Ho)
Surface hydrophobicity, Ho was performed using a
hydrophobic fluorescence probe, 1-anilino-8-nephtalene
sulphonate (ANS) according to a method described by
Hayakawa and Nakai (1985) with slight modifications.
The stock solution for each sample was serially diluted
to a fixed concentration range of 0.005–0.025% w/v
(based on protein content) using 0.1 M sodium phos-
phate buffer (pH 7.0). A 10 μL aliquot of ANS (8.0 mM
in 0.1M sodium phosphate buffer, pH 7.0) was added to
200 μL of each diluted sample. A fluorescence spectro-
photometer (JASCO FP-6300, Tokyo Japan) was used to
obtain the fluorescence intensity (FI) of each mixture at
wavelengths of 390 and 470 nm used as excitation and
emission respectively. Surface (aromatic) hydrophobicity
(Ho) was obtained from a plot of the initial slope of the

FI versus sample concentration (calculated by linear re-
gression analysis).

Protein solubility
The samples’ protein solubility was determined using
the method of Malomo et al. (2014). The use phosphate
buffer is to stabilize and maintain the pH of the solution.
This is because the pH meter sometimes does not
stabilize the acidity or alkalinity of the solution.
The two phosphate salts (monosodium phosphate and

disodium phosphate) were used to ensure enough avail-
ability of ions to resist changes in the pH of the solution
especially for proteins. The phosphate buffers were pre-
pared in accordance with the required pH values using
the two salts, following the Arrhenius equations. Sodium
Phosphate buffer (0.1 M) was used to prepare buffer at
various pH: 3, 5, 7, 9 by measuring the standard quantity
required for each pH value and dissolving it in distilled
water. Samples (10 mg/mL protein weight basis) were
mixed with 0.1M sodium phosphate buffer solutions
with the pH range 3.0–9.0 and each of the resulting mix-
tures was vortexed for 2 min and centrifuged at 10,000 x
g for 20 min. This was followed by determination of the
protein content of the supernatant using the modified
Lowry method (Markwell et al. 1978). Total protein con-
tent was determined by dissolving the isolated protein
fractions in 0.1 M NaOH solution. Protein solubility (PS)
was expressed as a percentage ratio of supernatant pro-
tein content to the total protein content.

Foam capacity (FC)
FC was determined according to the method described
by (Ijarotimi et al. 2018). Buffer solution was prepared at
pH, 3.0, 5.0, 7.0 and 9.0 using 0.1M phosphate solution.
The samples were weighed into 50 mL graduated centri-
fuge tubes as 20, 40 and 60mg/mL (protein weight
basis) and 5mL of 0.1M phosphate buffer, pH 3.0, 5.0,
7.0, and 9.0 were added to each tube. The mixtures were
homogenized at 20,000 rpm for 1 min with a 20mm
foaming shaft on the polytron PT 3100 homogenizer
(Kinematica AG, Lucerne, Switzerland).

Foam capacity FC ¼ volume after homogenization‐volume before homogenization
volume before homogenization

� 100

The obtained foam was left to stand for about 30 min
at room temperature. The foam stability was calculated
by measuring the final foam volume after 30 min storage
at room temperature and expressed as a percentage of
the original foam volume.

Water and oil holding capacity
The water holding capacity (WHC) and oil holding cap-
acity (OHC) were carried out using the method of
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Adebiyi and Aluko (2011) with minor modifications.
Protein sample (1 g) was mixed in 10 mL distilled water
(or pure canola oil) in a 15 mL pre-weighed centrifuge
tube. The dispersions were vortexed for 1 min, allowed
to stand for 30 min and then centrifuged at 7000 x g for
25 min at room temperature. The supernatant was dec-
anted, and the excess water (or oil) was drained while
the sediment was weighed to determine the amount of
water or oil retained per gram of sample.

Least gelation concentration (LGC)
LGC was determined using the method of Adebiyi and
Aluko (2011) by mixing the samples thoroughly with
water at 2–20% (w/v) solids concentration in test tubes.
Three sets of samples were obtained for each protein
fraction, one was as dispersed with water (the pH of the
water used was slightly acidic around, pH 6.5), while the
other two sets of samples were adjusted to pH 7 and 9
respectively. The resulting mixtures were swirled in a
vortex, placed in a water bath at 95 °C for 1 h, cooled
rapidly under tap water and cooled at 4 °C for 14 h. The
LGC was taken as the sample concentration at which
the gel did not slip when the tube was inverted.

Emulsion formation and measurement
Emulsion formation and measurement was achieved
using the method of Ijarotimi et al. (2018) with some
modifications. Samples (10, 25, or 50 mg/mL protein
weight basis) were weighed into 50mL graduated centri-
fuge and 5mL of 0.1 M sodium phosphate buffer pH 3.0,
5.0, 7.0,or 9.0 were added, followed by the addition of 1
mL of pure canola oil. The oil/water mixture was thor-
oughly mixed together at 20,000 rpm for 1min, using
the 20 mm non-foaming shaft on a Polytron PT 3100
homogenizer. The oil droplet size (d3, 2) of the emul-
sions was measured using a Mastersizer 2000 (Malvern
Instruments Ltd., Malvern, U.K.) with deionized water
serving as dispersant. Under constant shearing, the
emulsion sample was drawn from the tubes and released
into wet sample dispersion unit (Hydro 2000S) contain-
ing about 100 mL of water which was attached to the in-
strument. The reading was not taken until the required
level of obscuration was reached and the instrument was
set to measure each emulsion in triplicate automatically.
The obtained emulsion was left for about 30 min at

room temperature without agitation. The emulsion sta-
bility was measured as the increases in mean particle
volume diameter (d4,3) after 30 min.

Statistical analysis
All analyses were performed in triplicates and the data ob-
tained were subjected to analysis of variance and Duncan’s
multiple range tests to determine significant differences

(p < 0.05) between mean values using Statistical Package
for Social sciences (SPSS) software, version 20.

Results and discussion
SDS-PAGE
It has been reported that variations in polypeptide pro-
files of proteins have impact on functional properties, es-
pecially on the emulsion and gelation capacity (Aluko
and McIntosh 2001; Mundi and Aluko 2012; Tan et al.
2011). SDS-PAGE was used to separate protein fractions
according to their electrophoretic mobility as a function
of polypeptide molecular weight (Fig. 1). Under non-
reducing condition, three distinct bands were observed
for the albumin profile (lane 1) at 20, 70 and 80 kDa re-
spectively with the 20 kDa in the highest proportion.
Other bands were at 25, 40 and 50 kDa. The non-
reduced glutelin (lane 2) and globulin (lane 3) had most
of their bands at similar polypeptide positions (19, 40,
42, 50, 55, 60, 70, 85 and 100 kDa), with the highest pro-
portion at the 19 kDa position. Prolamin (lane 4) had its
bands at 10, 20, 40, 48, 52, 75, 83 and 87 kDa polypep-
tide positions.
Under the reducing condition for albumin (lane 2), the

bands observed (10, 25, 40 and 47 kDa) suggest a high
level of disulphide bonds in the protein. Some higher
molecular weight proteins (70 and 80 kDa) were replaced
by lower molecular weight proteins (10, 25, 40 and 47
kDa). Under reduced condition, glutelin bands were
observed at 10, 12, 15, 20, 27, 30, 35, 40, 65, 80 and 85
kDa. Some of the higher molecular weight bands ob-
served for glutelin under non-reduced condition were
still intact in the reduced condition while some others
were replaced by lower molecular weight polypeptides.
For globulin (lane 4), the bands observed under reduced
condition are 10, 15, 20, 22, 30, 32, 35, 40, 65, 80 and
85 kDa; which implies that most of the polypeptide posi-
tions were retained when mercaptoethanol was added.
Since some of the higher molecular weights were re-
placed by smaller polypeptides, it is evident that this
protein fraction contains inter-molecular disulphide
bonds. Under reduced condition, prolamin showed
bands at 8, 11, 17, 23, 25, 30, 38, 40, 45 and 60 kDa poly-
peptide positions. Similar disappearance of high molecu-
lar weight proteins in the presence of mercaptoethanol
has been reported for hemp seed (Malomo et al. 2014)
and African yam bean seed (Ajibola et al. 2016).

Yield of protein fractions
The relative amounts of sesame protein fractions, ob-
tained by fractionating into albumin, globulin, glutelin
and prolamin in the different solvent systems: water,
salt solution, alkali solution and ethanol solution re-
spectively are presented in Table 1. The yield ob-
tained was calculated as the ratio of the percentage
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gross weight of the individual freeze-dried protein
fraction to the weight of sesame protein isolate (SPI)
(Sathe and Venkatachalam 2007). The gross yield of
albumin, globulin, prolamin and glutelin were 17.34,
3.79, 2.64 and 23.17%, respectively. For the protein yield,
the glutelin (47.42%) was the most predominant protein
fraction, followed by albumin (22.84%), globulin (10.52%)
and prolamin (1.29%). The high protein yield of glutelin
may be because the sesame protein isolate (used for calcu-
lation) was precipitated at pH 4.9 (isoelectric point). High
amount of albumin suggests the presence of protein with
hydrophilic properties.
The results obtained for the protein content of sesame

protein fractions indicate that the quantity obtained for
globulin is significantly (p < 0.05) higher than other frac-
tions. Okubo et al. (1979) also reported globulin as the
major protein fraction in sesame proteins. However,
Adebiyi and Aluko (2011) reported albumin as the high-
est protein content of commercial yellow field pea pro-
tein isolate. Protein content obtained for globulin
(91.43%) and albumin (43.40%) is comparable to the

values reported for crude protein content of African
yam bean globulin (91.68%) and albumin (59.51%) by
Ajibola et al. (2016). The differences in protein contents
of the sesame protein fractions may be due to differ-
ences in the extraction materials and different methods
of protein precipitation. The significantly (p < 0.05) least
protein value obtained for prolamin (ethanol extract)
may be as a result of its insolubility in the solvent used
for the protein determination and the inclusion of non-
protein materials that may have been extracted during
fractionation by the ethanol solution.

Intrinsic fluorescence (FI)
Fluorescence intensity indicates how much light is
emitted (i.e., the extent of emission). It is used to
determine position and microenvironment (hydro-
phobicity or hydrophilic) of aromatic amino acids
within the protein tertiary structure. The microenvir-
onment change of aromatic amino acid residues of
bovine serum albumin (BSA) was studied and re-
ported to vary at different pH (Guang et al. (2000).

Fig. 1 SDS-PAGE of albumin (AL), glutelin (GL), globulin (GB) and prolamin (PR) sesame protein fractions

Table 1 Gross, protein yield and protein content of sesame protein fractions isolated from defatted sesame meal

Protein content (%) Total carbohydrate content (%) Protein yield (%) Gross yield (%) WHC (g/g) OHC (g/g)

Albumin 43.40 ± 1.23c 23.42 ± 1.22a 22.84 ± 0.72b 17.34 ± 0.55a 0.08 ± 0.00d 1.56 ± 0.05c

Globulin 91.43 ± 1.45a 2.192 ± 3.30c 10.52 ± 1.10c 3.79 ± 0.40c 0.42 ± 0.02c 2.57 ± 0.06b

Glutelin 67.44 ± 1.65b 1.11 ± 1.31d 47.42 ± 0.30a 23.17 ± 0.14b 2.76 ± 0.06a 4.13 ± 0.05a

Prolamin 16.88 ± 0.88d 5.02 ± 0.04b 1.29 ± 1.41d 2.64 ± 0.17c 1.35 ± 0.01b 1.50 ± 0.04c

Same superscript indicate no significant difference
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The fluorescence properties of tyrosine and trypto-
phan can be used as a measure of changes in the
protein structure (Schmid 1989). The tertiary struc-
ture of protein indicates the position of amino acid
residues within the three-dimensional configuration.
The least fluorescence intensity (FI) value obtained
for glutelin (Fig. 2) indicates that its protein mole-
cules are highly denatured. This denaturation re-
sulted in the opening up of the tyrosine and
tryptophan residues to the environment (hydro-
philic), which contributed to reduced fluorescence.
An increase was observed in the FI of the glutelin
fraction as the environment changed from acidic to
alkaline environment. The pH increase had positive
effect on FI which may be due to increased net
charge (resulting from protonation of carboxyl and
amine groups), which resulted in increased interac-
tions between the hydrophobic amino acid residues
and reduced interaction with the hydrophilic envir-
onment to attenuate fluorescence quenching, hence

high FI. On the contrary, albumin had the highest
fluorescence at all measured pH values (pH 3, 5, 7
and 9), followed by globulin only at pH 5, 7, & 9.
The results suggest less denatured protein molecules
for the albumin and globulin, thereby reducing the
exposure of its tyrosine and tryptophan residues to
the environment (which is hydrophilic). Generally,
albumin and globulin had higher FI values than the
glutelin. Ajibola et al. (2016) made a similar report
on African yam bean albumin and globulin having a
higher FI than its protein isolate.

Surface hydrophobicity (Ho)
Surface hydrophobicity shows the number of hydro-
phobic amino acids on the surface of proteins when
they are folded and helps to discover changes in the
distribution of hydrophobic groups at the surface of
protein when they are folded. These changes are
caused by protein denaturation during processing
which consequently leads to changes in the molecular

Fig. 2 Fluorescence intensity chromatograms of sesame protein fractions at various pH values
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structure of proteins (Mune et al. 2016). Surface
hydrophobicity of globulin was significantly (p < 0.05)
higher than those of other fractions (Fig. 3). The sur-
face hydrophobicity of glutelin and prolamin are not
significantly (p > 0.05) different. The Ho of albumin is
significantly (p < 0.05) the least Ho among the protein
fractions. The low surface hydrophobicity values ob-
served in the albumin fractions might be due to its
hydrophilic nature (decreased exposure of hydropho-
bic groups), which pushes the hydrophobic groups
into the protein interior (Uruakpa and Arntfield
2005). The high value of surface hydrophobicity ob-
served for globulin might be attributed to the avail-
ability of more non-polar amino acids for interaction
with ANS. The interactions between polar amino acid
residues might lead to electrostatic repulsions that
unfold the proteins and thus exposing more hydro-
phobic amino acids to the surface, hence increased
surface hydrophobicity (Jiang et al. 2015). This result
suggests that more hydrophobic amino acids would
be available on the surface of the globulin fraction in
the present study at pH 7.0. As the hydrophobic
amino acid level increases, there would be greater ad-
sorption at the oil-water interface and this is required
for emulsion formation of the protein isolates (Li
et al. 2019).

Protein solubility of sesame protein fractions
Protein solubility at various pH values gives an indica-
tion of the extent of protein denaturation due to heat or
chemicals and how well the isolate will perform when
used in food formulations (Horax et al. 2004). In many
protein-based formulations, such as emulsions, foams
and gels, good protein solubility is usually required. It af-
fects texture, colour, and sensory properties of food
products (Meng and Ma 2002; Shand et al. 2007). The
albumin fraction has a high solubility over the pH range
used, with values ranging between 80 and 125% (Fig. 4).
Similar results were reported for the albumin fraction of
African yam bean seed (Ajibola et al. 2016), pea seed
(Adebiyi and Aluko 2011) and sunflower (Pérez et al.
2005). Potential usefulness of albumin includes forma-
tion of acidic drinks, desserts, non-acidic beverages and
other liquid beverages whose properties may facilitate
consumers’ acceptance (Meng and Ma 2002; Rangel
et al. 2003).
The solubility of the globulin was significantly higher

at the alkaline pH than acidic pH, which may be due to
increased net protein charge as pH was increased. This
is similar to the result reported for other legume pro-
teins (Chavan et al. 2001; Rangel et al. 2003).
Solubility profile of glutelin showed minimum solubil-

ity around pH 4.5–7.0 which is the region of highest pro-
tein aggregation. This facilitates electrostatic repulsion

between the protein molecules, which enhances protein
insolubility (Malomo and Aluko 2015; Mundi and Aluko
2012). Low protein solubility of prolamin may be attrib-
uted to the fact that prolamins are insoluble in aqueous
solution. This is similar to the report of Adebiyi and
Aluko (2011) on insolubility of commercial yellow field
pea seed prolamin in aqueous solution. It is important
to note that the albumin protein fraction exhibited
higher solubility at pH ≥ 7.0, thus indicating that it could
be easily incorporated into products that have neutral or
basic pH values.

Foaming capacity (FC) and foam stability (FS)
Foaming capacity refers to the ability of protein to form
flexible and cohesive film at the water –air interface due
to its solubility in water. (Elsohaimy et al. 2015; Ijarotimi
et al. 2018). It is important in the manufacture of foods
such as ice cream and cakes, which require foam forma-
tion. Foaming capacity was greatly influenced by pH
(Fig. 5).
Generally, pH was observed to affect the foaming cap-

acity of all sesame protein fractions and the least foam-
ing capacity was observed around pH 5.0 (except for
albumin), which is the point of least protein solubility.
Protein solubility is a pre-requisite for good foaming
properties. The pH-dependent foaming characteristics
were also observed in albumin, globulin and protein iso-
late of Ginkgo biloba seeds (Deng et al. 2011), sesame
protein concentrates (Cano-Medina et al. 2011) and in
albumin and globulin fractions of African locust bean
(Lawal et al. 2005). Junting et al. (2012); Elsohaimy et al.
(2015) reported pH-dependent solubility (which is
closely related to foaming capacity) for sesame and qui-
noa seeds respectively. Film thickness, mechanical
strength and some other properties of protein film are
required for the foam to be stable. Foam stability indi-
cates the ability of the foam to retain its volume and
shape over a period of time. It’s desirable in some bever-
ages and food products such as beer, and baked prod-
ucts. The foaming stability of the sesame protein
fractions are shown in Fig. 6. Foaming stability values
vary with pH, protein concentration and it differs from
one sesame protein fraction to the other. For example,
albumin and globulin had less stability than glutelin and
prolamin at pH 3 and 9. This may be due to weak inter-
facial membrane, which could not prevent the coales-
cence of the particle. Adebiyi and Aluko (2011) reported
a similar trend for albumin. But a contrary report was
made by Zakidou and Paraskevopoulou (2021) that
aqueous sesame seed extract exhibits increased foaming
stability values with higher pH values, which suggests
the formation of strong interfacial membrane (increased
charge on the membrane) that prevented coalescence of
the foam particles. l.
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Water and oil holding capacity
Water holding capacity (WHC) refers to the ability pro-
tein particles in food to adsorb and retain water against
gravity (Chavan et al. 2001). It is referred to as the amount
of water a sample can absorb per unit weight. This water
includes bound water, hydrodynamic water, capillary
water and physically entrapped water. The property is
based on direct interaction of protein molecules with
water and other solutes (Khalid et al. 2003). WHC values
for sesame protein fractions (Table 1) show that albumin
is highly soluble in water as a large quantity of the sample
was dissolved in water. A similar observation was made by
Ajibola et al. (2016) for albumin fraction of African yam
bean. A low water holding capacity was also reported for
albumin fractions of Ginkgo biloba seeds by Deng et al.
(2011). A previous report showed that proteins with high
solubility had low WHC (Cheng-Mei et al. 2018; Sharma
et al. 2016), as it is applicable to the albumin in this study.
On the other hand, prolamin (with the least solubility)
was observed to have the highest WHC among the frac-
tions followed by glutelin and then globulin.

Oil holding capacity (OHC) refers to the amount of oil
a sample can absorb per unit of weight. It also entails in-
teractions of protein surface area, size, charge and
hydrophobicity. A similar OHC was obtained for albu-
min (1.56 g/g) and prolamin (1.50 g/g) fractions (Table
1). The value obtained for albumin in this work is lower
than the value reported for albumin fraction of biloba
seed (9.3 mL/g; assuming 1 mL = 1 g) (Deng et al. 2011).
OHC values 2.57 g/g and 4.13 g/g obtained for globulin
and glutelin, respectively are comparable to the values
reported for African yam bean seed globulin (4.75 g/g)
and protein concentrate (Ajibola et al. 2016).

Least gelation concentration (LGC)
Gelation concentration is one of the functional proper-
ties that is useful in food applications. It is the ability of
proteins to congeal as gel, thereby, holding water, fla-
vour, sugars and food ingredients together (Kinsella
1979). LGC is the lowest protein concentration at which
the gel remained in the inverted tube without falling off
(Moure et al. 2006). Hence, the lower the LGC value,
the better gelling ability. The gelation capacity in Fig. 7
indicates higher gel formation capacity for prolamin and
glutelin respectively, when compared with globulin and
albumin. The LGC value obtained in this study for
glutelin is lower than the 10% value documented for
commercial yellow field pea glutelin (Adebiyi and Aluko
2011). Also, comparable with the results obtained for
globulin in this work, Sathe and Salunkhe (1981) re-
ported that the salt soluble fraction (globulin), did not
form a strong gel up to 20% (w/v) concentration range.
However, the low gelling ability result obtained for albu-
min in this work is contrary to the value of 8% obtained
for African yam bean albumin (Ajibola et al. 2016). The
lower gelling ability of the sesame seed albumin may be
due to smaller number of hydrophobic clusters as earlier

Fig. 4 Protein solubility curve of sesame protein fractions

Fig. 3 Surface hydrophobicity of sesame protein fractions
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Fig. 5 Effect of pH and protein concentration on foaming capacity of sesame protein fractions
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Fig. 6 Effect of pH and protein concentration on foaming stability of sesame protein fractions
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reported for buckwheat albumin (Tang and Wang 2010),
which could reduce its protein-protein attractions. Also,
the protein-water interactions in the albumin fractions
(which is facilitated by the presence of abundant levels
of hydrophilic sugar), may have contributed to the lower
gelation capacity, since higher gelation capacity is en-
hanced by protein-protein interaction.

Emulsion capacity (EC) and emulsion stability (ES)
Most food products exist in water and oil phases, there-
fore evaluation of their emulsion-forming ability is es-
sential to indicate the usefulness of these food products
as functional food ingredients in the food industry (Liu
et al. 2013). Emulsion quality is determined by oil drop-
let size (d3, 2). An inverse relationship exists between the
emulsion quality and oil droplet size, whereby a smaller
oil droplet size indicates good emulsion forming capacity
(Famuwagun et al. 2020).
Oil droplet size reduction was observed in the samples

as sample concentration increased from 10mg/mL to
50mg/mL, which indicates increased emulsion forming
ability (Fig. 8). This may be as a result of increases in
protein content/concentration which led to availability
of more protein at the oil-water interface, leading to for-
mation of stronger and a higher number of interfacial
membranes. A similar trend was reported for protein
isolates prepared from edible vegetable leaves by Famu-
wagun et al. (2020).
At most of the pH values, lower oil droplet sizes

(higher emulsion quality) were obtained for prolamin
and albumin fractions. The better emulsifying quality
obtained in prolamin fraction may be as a result of its
hydrophobic characteristic, which enhanced its interac-
tions with the lipid phase. A similar report was

documented for the prolamin value of yellow field pea
(Adebiyi and Aluko 2011). This could be largely due to
the presence of large amounts of non-protein materials
such as polysaccharides which could improve emulsifica-
tion. Although prolamin exhibited a good emulsion
property, its low yield (Table 1) will be a disadvantage,
when considered for use as a functional food ingredient.
Higher emulsion quality (smaller oil droplet sizes) ob-

tained for albumin than those of globulin and glutelin is
possibly due to the presence of more folded structure in
the globulin proteins which minimises the encapsulation
ability of the oil droplets (poor interfacial property),
when compared to a more open or flexible protein
structures in albumin. This implies that albumin is a
better emulsifier than globulin. Also, change in pH af-
fected the emulsion-forming ability. For instance, smaller
oil droplets (p < 0.05) were formed for glutelin and pro-
lamin at pH 7.0 and 9.0, which suggests optimal protein-
protein repulsion that facilitated protein solubility and
encapsulation ability. This is similar to the report of
Adebiyi and Aluko (2011), who reported that isolates
and glutelin fractions from pea proteins had better
emulsification (reduced oil droplet size) at neutral and
alkaline conditions. Ijarotimi et al. (2018) also reported
similar results for seed flour and protein concentrate of
wonderful cola (Buchholzia coriacea) seeds. Yin et al.
(2010) reported that kidney bean phaseolin-rich exhib-
ited a poor emulsifying activity at pH 3.0 but good at
pH 7.0 and 9.0. The emulsion property of albumin did
not show substantial changes at different pH values,
which is also consistent with the fact that the albumin
protein had similar solubility over a wide pH range. The
emulsion stability result (Fig. 9), suggests a significant
difference (p < 0.05) for the fractions at all pH values.

Fig. 7 Gelation concentration of sesame protein fractions
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Fig. 8 Effect of pH and sample protein concentration on emulsion capacity of sesame protein fractions
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Fig. 9 Effect of pH and sample protein concentration on emulsion stability of protein fractions
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The emulsion was observed to be more stable from pH 3
to 5, which is attributed to the reduction in net molecu-
lar charges thus facilitating increased protein-protein in-
teractions, thereby enhancing formation of strong
interfacial membranes. This is similar to the report of
Mundi and Aluko (2012) on albumin and globulin pro-
tein fractions of kidney bean.
At 50 mg/mL (increased protein concentration), the

emulsion stability of the globulin and prolamin fractions
were observed to decrease considerably at pH 9, when
compared to the emulsion stability at lower protein con-
centrations (10 mg/mL and 25mg/mL) and at pH 3, 7
and 5. This is as a result protein congestion at the 50
mg/mL concentration, which could have resulted in a
rise in protein charge and consistent viscosity of the
phase (Nwachukwu and Aluko 2018). The rise in the
protein charge would translate to elevated protein-
protein repulsions while the heightened viscosity would
translate to a decreased rate of polypeptide movement
within the oil-water interface, resulting in weaker inter-
facial membrane, which increases the chances of rupture
and coalescence of the oil droplet (Nwachukwu and
Aluko 2018). On the contrary, Malomo and Aluko
(2015), reported no decrease in emulsion stability for
hemp seed globulin at increased protein concentration,
50 mg/mL.

Conclusion
The findings from this study have shown that samples
produced from sesame protein fractions have potential for
use as a basic functional ingredient in the food industry.
The globulin fraction constitutes the highest proportion,
followed by glutelin, then albumin while prolamin was the
least. Foaming capacity, protein solubility and some other
functional properties are pH-dependent.
The lower LGC and smaller oil droplet sizes (higher

emulsion quality) of glutelin and prolamin suggest that
their polypeptides have less folded (compact) structures
than that of globulin.
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