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Sesame oil and seeds are used in the pharmaceutical, 
food, and cosmetic industries [5]. Sesame meal is a by-prod-
uct obtained from oil extraction factories, and it contains 
about 50% proteins [2]. Protein extracted from sesame meal 
is a valuable source of leucine, arginine, and methionine, 
however, it is relatively poor in lysine [3].

The growing global population and limited environmen-
tal resources lead to a constant search for new plant protein 
sources [6, 7]. Plant proteins play significant roles in human 
nutrition as an alternative to animal proteins [8], and they 
are gaining increased interest as ingredients in food systems 
during manufacturing [9].

Proteins extracted from different plant sources display 
various functional properties like solubility, water, and oil 
holding capacity, gelation, foam, and emulsion stability, 
which is caused by their heterogeneous composition and 
structure [10]. The conclusive success of utilizing plant 
proteins in food systems during manufacturing, process-
ing, and storage, largely depends on the favorable attributes 
they show to foods. Therefore, the processing parameters 
greatly influence the functional characteristics of plant 

Introduction

Sesame seed (Sesamum indicum L.) is a most vital oilseed 
crop belonging to the Pedaliaceae family [1]. It is one of the 
most important oilseed plants worldwide [2, 3], containing 
about 50%, 20%, and 15% of fats, protein, and carbohy-
drates, respectively [4]. Sesame oil production ranks eighth 
in the world’s oil market [1].
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Abstract
Sesame meal with high protein content is the by-product of sesame oil extraction. Using sesame meal protein in food 
formulations enhances the functional and nutritional attributes of food. In the present study, the effect of salt concentra-
tion (18% and 22% w/v) and drying temperature of sesame seeds (45 ºC and 180 ºC) on functional attributes (solubility, 
water, and oil hold capacity, stability and capacity of foam, stability and activity index of emulsion, and the least gelation 
concentration (LGC) at different pH) were investigated. Sesame protein isolate (SPI) samples revealed the lowest changes 
in functional attributes at isoelectric pH, and the highest effect was obtained at pH 11. Salt concentration and drying 
temperature of sesame also significantly affected the functional and structural attributes of SPI (p < 0.05). The highest salt 
concentration and drying temperature of sesame are 22% and 180 °C, respectively, increasing the solubility, foam capac-
ity and stability, oil and water hold capacity, emulsion activity, and stability. In addition, at pH 7, 9, and 11, the control 
sample and sample treated with 22% of salt concentration at 180 ºC had the lowest and highest ability to form a gel as 
compared to other treatments. The structural attributes showed the presence of protein and denaturation in the structure 
of all samples. Given the good functional attributes of protein treated at higher salt concentration and drying temperature, 
this SPI can improve functional attributes in different food formulations.
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protein products. Different extraction and drying procedures 
would assign proteins with varying functional properties 
[11]. Drying techniques and seed peeling are necessary for 
the preparation of plant protein isolates. Both parameters 
could improve storage stability or form insoluble aggregates 
caused by partial protein denaturation, thereby shifting the 
functional properties of plant proteins.

Various researchers assessed oilseed by-products pro-
teins as an alternative to animal proteins, such as sunflower 
seed, rapeseed [12], flaxseed, sesame seed [13], pumpkin 
seed [14], mustard seed [15], grapeseed [16, 17], cottonseed 
[6], and peanut [13]. However, the effects of drying temper-
ature and salt concentration on functional attributes of ses-
ame seed have not been investigated. The present research 
aimed to determine the extractability of SPI from sesame 
meal in the presence of various concentrations of NaCl (0%, 
18%, and 22% w/v) and study the effect of different drying 
temperatures of the sesame seed (25 ºC, 45 ºC, and 180 ºC) 
on functional attributes of SPI.

Materials and methods

Materials

All chemicals and reagents with analytical grade 
(purity > 99%) were purchased from Merck (Darmstadt, 
Germany). Sesame (Sesamum indicum L.) seeds variety 
Yekta were obtained from the local market (Yazd, Iran).

Preparation of sesame meal

Sesame seeds were manually cleaned and peeled using 
a peeler (Himura, Japan). Then, the sesame seeds were 
immersed in the salt solution at three concentration levels 
(0%, 18%, and 22% w/v) for 10 min. Subsequently, sesame 
seeds were washed twice with distilled water and dried in 
the oven (VO200, Memmert, Germany) at three different 
temperature levels (25  °C for 24  h, 45  °C for 48  h, and 
180 °C for 5 min). The whole flour was prepared by milling 
the dried seeds (B.G 300P, Pars-Khazar, Iran), and it was 
defatted with n-hexane at a 1 to 10 w/v ratio (sesame to 
solvent) with constant stirring at room temperature for 2 h. 

Then, the slurry was defatted twice in the same ratio, and 
it was dried at 25 °C for 24 h after filtering. The defatted 
sesame meal (DSM) was ground and passed through a sieve 
with 80 meshes to the inch for protein extraction. Table 1 
shows the different conditions of sesame meal preparation.

Isolation of protein from sesame meal

The alkali method developed by Sharma et al. (2016) with 
slight modification was used to prepare SPI [18]. DSM was 
mixed with water at a ratio of 1:10 w/v, and the pH was 
adjusted to 11 using 1  M NaOH with continuous stirring 
for 1 h at 35 ºC and centrifuged (z200A, Hermle, Germany) 
at 4500 rpm for 20 min. The supernatant was collected and 
adjusted to pH 4.5 using 1  M HCL. The suspension was 
centrifuged at 4500 rpm for 20 min. Subsequently, the pre-
cipitate was neutralized to pH 7 using 1 M NaOH and dia-
lyzed using distilled water for 48  h at 4 ºC. Then it was 
vacuum-dried (VO200, Memmert, Germany) and passed 
through a sieve with 80 meshes to the inch. The content of 
protein was determined by the Kjeldahl method using an 
automatic Kjeldahl system (230-Hjeltec Analyser, Hoga-
nas, Sweden). The SPI was weighed and transferred into a 
Kjeldahl digestion flask containing 10 g of catalyst (1 g of 
CuSO4.5H2O + 9 g of K2SO4) and 25 mL of H2SO4 (98%) 
and digestion was done using an electrical heater for 2.5 g. 
Afterward, it was cooled to room temperature and 80 mL of 
NaOH was added to the flask. Ammonium hydroxide was 
trapped as ammonium borate in a boric acid solution during 
distillation. Total nitrogen (N × 6.25) was determined by 
titration with HCL [19].

Determination of functional attributes

Protein solubility

The solubility of SPI samples was determined over a pH 
of 4, 5, 7, 9, and 11. Briefly, protein solutions were pre-
pared by dispersing powdered protein into distilled water 
(1% w/v), and their pH was adjusted from 4 to 11. The pro-
tein solutions were stirred at room temperature for 2 h and 
centrifuged at 5175 rpm for 30 min. The protein content of 
the supernatants was determined using the Bradford method 
[20]. Bovine serum albumin was used as a standard protein. 
Total protein content in the sample was determined after 
solubilization using 0.5  N NaOH. Protein solubility was 
calculated as Eq. 1:

	 PS (%) = 100 × PS/PT� (1)

Table 1  Codes and different conditions of sesame meal preparation
Code of sample Concentration of salt 

solution (%)
Drying 
tempera-
ture (°C)

Control 0 25
S18T45 18 45
S18T180 18 180
S22T45 22 45
S22T180 22 180
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Where PS is the protein content present in the supernatant 
after centrifugation and filtration, and PT is the total protein 
content present in the protein sample.

Water Hold Capacity (WHC) and Oil Hold Capacity 
(OHC)

The WHC and OHC were determined using the method 
described by Elsohaimy et al. [21]. SPI sample of 1 g was 
mixed with 10 mL distilled water for WHC, and soybean oil 
for OHC in the centrifuge tubes. After storing for 30 min 
at room temperature, samples were then centrifuged at 
7900 rpm for 25 min. The WHC and OHC were expressed 
as the weight of water or oil held by 1 g of the SPI sample.

Foam attributes

Foam capacity (FC) and foam stability (FS) were deter-
mined based on the method of Fathollahy et al. [22]. SPI 
solution of 2.5 g/L was dissolved in 10 mL distilled water 
and whipped for 10 min using a homogenizer (T-25, IKA, 
India) at the speed of 20,000 rpm. Subsequently, the whipped 
SPI sample was transferred to a 50 mL cylinder and the total 
volume was measured. In addition, the whipped samples 
were allowed to stand for 5, 10, 20, 30, 45, and 60 min at 
room temperature, and the volume was recorded. FC and FS 
were calculated using Eqs. 2 and 3:

	 FC (%) = [(B − A) /A] ×100� (2)

	 FS (%) = [(C − A) /A]×100� (3)

Emulsion capacity (EC) and stability (ES)

The emulsion capacity (EC) and stability (ES) were deter-
mined based on the method of Elsohaimy et al. (2015) [21]. 
A total of 15 mL of soybean oil was added to 45 mL SPI sus-
pension (0.2% w/v) at different pH levels (4–11) and homog-
enized using a homogenizer (T-25, IKA, India) for 1 min at 
20,000 rpm. Then, 50 µL of emulsion at 0 and 10 min after 
homogenization was mixed with 5 mL of 0.1% SDS and the 
absorbance was immediately measured at 500 nm (A0) and 
after 10 min (A10). The emulsion activity index (EAI) and 
the emulsion stability index (ESI) were calculated based on 
Eqs. 4 and 5:

	 EAI
(
m2/g

)
= (2 × 2.303 × A0 × 100) − (0.25 × protein concentration)� (4)

	 ESI (min) = (A0 × 10) / (A0 − A10)� (5)

Sodium Dodecyl Sulfate-Polyacrylamide Gel 
Electrophoresis (SDS-PAGE)

According to Laemmli’s (1970) method [23], SDS-PAGE 
performed the protein profile of sesame meal with 12% and 
5% of separating gel and shaking gel, respectively. SPI sam-
ples (20  µl) with optimized characteristics were prepared 
from 500 µl protein solution and were added to 1 mL buffer 
(1% bromophenol blue and β-mercaptoethanol, 10% SDS, 
glycerol, distilled water, and 0.5 M Tri-HCl pH 6.8). Subse-
quently, it was heated at 98 ºC for 10 min and applied to the 
sample wells. Electrophoretic migration was monitored at 
14 mA/gel for 2 h. The gel was fixed using a fixing solution 
and then stained using the Coomassie Brilliant Blue for 1 h.

Fourier transform infrared analysis (FT-IR)

The SPI samples were dispersed in water at 35 ºC for 2 h. 
Fourier transform infrared (FT-IR) spectrum was recorded 
using FT-IR spectrometer (870 Thermo Nicolet Nexus, 
Madison, USA) at the 4000–500  cm− 1. The instrument is 
equipped with a KBr beam splitter and GaAs detector [24].

The LGC measurement

The LGC was determined by preparing 10 mL dispersion 
between 2% and 20% (w/) solids concentration in test tubes 
at different pH levels (4–11). The dispersion was mixed for 
5 min using a vortex and then heated in a 95 °C water bath 
for 1  h. Then, the mixtures were subsequently cooled in 
a refrigerator at 4 ºC for 2 h. The lowest concentration at 
which the sample did not fall or slip from an inverted tube 
was taken as the LGC [25].

Statistical analysis

The data were analyzed using the SPSS software version 22. 
One-way analysis of variance (ANOVA) using a post hoc 
test (Duncan) with p < 0.05 was performed to identify sig-
nificant differences among all study parameters. All experi-
ments were carried out in triplicates.

1 3

4667



M. Rezaei et al.

An increase in pH from 5 to 11 causes protein solubility 
to increase, which is similar to the results observed by [25] 
for pea protein isolate. The lower protein solubility in pH 
5 may be due to the balance between positive and negative 
electric charges and generally a decrease in repulsive forces. 
These results coincide with those reported for Persian lime 
seed protein [22], cowpea (Vigna unguiculata) and pea 
(Pisum sativum) protein isolate [27], fava beans, chickpeas 
and fenugreek protein [28], mung bean (Vigna radiata) pro-
tein isolate [11], and fenugreek (Trigonella foenum grae-
cum) protein concentrate [29]. They reported lower protein 
solubility at a pH of around 5.

Water and oil hold capacity

Table 2 presents the results of WHC and OHC. The highest 
WHC and OHC were observed in the control sample which 
were 2.22 and 1.18 g/g, respectively. In addition, the lowest 
value was observed in the sample treated at a higher con-
centration of the salt solution and drying temperature. When 
the concentration of salt increases, protein ions promote 
bond formation between water and salt ions, thereby lead-
ing to dehydration of proteins and reduction of the WHC 
[30]. A similar result was reported by Adubiaro et al. (2009) 
[31], who stated that a high concentration of salt leads to 
a decrease in the WHC of bean flour. Ogungbenle (2008) 
[32] also reported that the WHC of different types of legume 
flour decreased when exposed to NaCl at a concentration 
between 0.2 and 0.4 M, which coincides with the results of 
our study.

Hydrated salt ions form weak bonds with the carboxyl 
and amine polar groups of the proteins and don’t show any 
protein dehydration at the low salt concentrations. There-
fore, water binding depends on the hold of proteins by ions. 
However, salt ions compete with protein to hold water and 
prevent the hold of water by protein at high salt concentra-
tions [33]. Based on the results found in Table 2, the con-
trol and sample treated with 22% of salt solution at 180 °C 
showed the highest and lowest OHC. It may be due to the 
degradation of hydrophilic and hydrophobic groups during 
heat processing [34] which decreases the protein’s ability 
to absorb and retain water or oil [35, 36]. Adebowale et al. 

Results and discussion

Protein solubility

Figure 1 shows the results of protein solubility as a func-
tion of pH. The lowest protein solubility was observed in 
the control sample which ranged from 3.5 to 22.4 at pH 
5 and pH 11, respectively. It is because salt ions interact 
with oppositely charged groups and decrease electrostatic 
attraction between protein molecules [26]. The salt concen-
tration and drying temperature at different pH levels had a 
significant effect on the solubility of the samples (p < 0.05). 
An increase in drying temperature from 45 to 180 °C and 
a reduction in salt concentration from 22 to 18% caused 
protein solubility to increase. The highest solubility was 
obtained in the sample treated with 18% salt solution at 
180 °C. The increase in solubility of protein to 18% of salt 
concentration can be attributed to the decrease in the electri-
cal charge of the protein network and the surface activity of 
the soluble proteins. In addition, the reduction in electro-
static interactions or binding between hydrophilic domains 
within the sesame proteins increases the solubility. The 
presence of different ions in protein solution causes changes 
in the solubility of the protein. Meanwhile, the interac-
tion between salt ions and some charged groups of protein 
is one of the important reasons for proteins’ solubility to 
increase. At the concentration of 18–22% of NaCl solution, 
peeling of sesame is well done, and a concentration higher 
than 22% of NaCl hurts protein properties. In other words, 
18% is the minimum concentration at which sesame peeling 
can be well done, and a concentration of more than 22%, in 
addition to adverse effects on protein properties, also causes 
environmental pollution. Therefore, these two concentra-
tions were selected for sesame peeling based on the pre-
treatment tests performed.

Table 2  Water and oil hold capacity of SPI samples
SPI samples WHC (g/g) OHC (g/g)
Control 2.22 ± 0.07a 1.18 ± 0.04a

S18T45 1.91 ± 0.06b 1.04 ± 0.07b

S18T180 1.52 ± 0.08d 0.87 ± 0.05c

S22T45 1.73 ± 0.07c 0.95 ± 0.03c

S22T180 1.09 ± 0.15e 0.73 ± 0.02d

Different lower-case letters indicate significant differences between 
SPI samples (p < 0.05). Values are presented in mean ± standard devi-
ation

Fig. 1  The solubility of SPI samples
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The FS increased with an increase in temperature from 
45 ºC to 180 ºC. Factors such as pH, salt concentration, and 
surface tension of proteins affect the FS. It may be due to 
the formation of a stronger layer between the air and water 
that generates a stable foam. Researchers believe that this 
effect is attributed to the critical concentration of salt [30]. 
The highest FS was observed at pH 11 and this result can 
be attributed to the excessive increase of hydrophilicity 
attributes at alkaline pHs. Therefore, it does not allow the 
optimal interaction of the protein with air, which acts as a 
hydrophobic phase in the foam system. Creating a stable 
foam also depends on the type of protein, temperature, 
degree of protein denaturation, pH, and method used.

Emulsion attributes

Salt concentrations, pH, and drying temperatures had a 
significant (p < 0.05) effect on stability (ES) and activity 
of (EA) of emulsion, as shown in Fig.  3. The higher ESI 
and EAI were observed in the SPI sample treated with 
higher drying temperature and salt solution followed by 
S18T180, S22T45, and S18T45, respectively. The control 
sample showed the least ESI and EAI, and an increase in 
pH from 5 to 9, also increase the ESI and EAI of the SPI. 
The minimum ESI and EAI were observed at pH 5, this pH 
is the isoelectric pH of SPI at which protein has the lowest 
solubility. Similar results were observed by other research-
ers for Persian lime seed protein [22], Hemp seed protein 
[43], and Chinese quince seed protein isolate [44]. Regard-
ing the effect of different pH as shown in Fig. 3, the ESI and 
EAI of SPI were dependent on pH changes, which is caused 
by the effect of pH on the hydrophobic-hydrophilic protein 
balance.

According to Nasiri and EI Tinay (2007), high pH has a 
greater effect on the increase of emulsion capacity of fenu-
greek protein. This effect can be attributed to the effect of 
the isolation production process and protein composition. 
Proteins contain polar, uncharged, and non-polar charged 
amino acids, thereby leading proteins to act as stabilizers in 
enhancing emulsion stability. Having both hydrophilic and 
hydrophobic molecules increase the binding of water/oil in 
food systems using protein [45]. In addition, proteins tend 
to absorb at the surface of oil and water and form a layer 

(2004) also reported an increase in OHC by increasing non-
polar amino acids in the protein side-chain [37].

Foam attributes

Results in Table 3 indicate no significant difference between 
samples at pH 4–7 (p > 0.05). However, with increasing 
pH from 7 to 11, a statistically significant difference was 
observed between samples (p < 0.05). The lowest and high-
est FC was observed in control and sample treated at higher 
temperature and salt concentration, respectively. Proteins 
play a major role in foam formation as a surfactant by reduc-
ing surface tension and creating an adhesive film on the 
middle surface of the water-air [38]. Therefore, the control 
sample with lower protein solubility exhibited higher WHC 
and OHC [26].

The highest FC was provided by protein meal prepared 
at 22% salt concentration and dried at 180 °C. Benelhadj et 
al. (2016) showed an increasing rate in algae protein iso-
late foam capacity by raising the pH level [39]. Mazloomi 
et al. [40] investigated the influence of salt concentration 
on pumpkin meal protein functional attributes. They found 
that the FC decreased with an increase in salt concentra-
tion, which coincide with the results of this study. Nasri et 
al. reported an increase in FC of fenugreek meal protein 
by increasing the ionic strength of the salt solution, which 
was attributed to the precipitation of proteins by salt [29]. 
In addition, the protein type and salt concentration can be a 
reason for differences. Ragab et al. [41], showed in another 
study that FC of chickpea protein isolates increased by 
increasing salt concentration.

The foam stability (FS) is achieved by reducing the inter-
facial tension of gas-liquid and the formation of a resistant 
protein layer to rupture with elasticity around the bubbles 
and changing the viscosity of the liquid phase. The results 
of FS of different samples in Fig. 2 revealed that FS in all 
samples decreased over time at pH 9 and 11. The FS of all 
samples at pH lower than 9 was 0.5% and it was completely 
affected by pH. The most important factor that causes the 
protein to act as a favorable foaming agent at different pH 
levels is its ability for fast absorption on the surface between 
the air and water and rapid structural changes of protein sur-
face [42].

SPI samples pH
4 5 7 9 11

Control 0.25 ± 0.0Ca 0.25 ± 0.0Ca 0.25 ± 0.0Ca 3.74 ± 0.3Be 14.02 ± 0.1Ae

S18T45 0.25 ± 0.0Ca 0.25 ± 0.0Ca 0.25 ± 0.0Ca 5.17 ± 0.5Bd 16.69 ± 0.1Ad

S18T180 0.25 ± 0.0Ca 0.25 ± 0.0Ca 0.25 ± 0.0Ca 14.431 ± 0.3Bb 24.79 ± 0.5Ab

S22T45 0.25 ± 0.0Ca 0.25 ± 0.0Ca 0.25 ± 0.0Ca 6.55 ± 0.5Bc 18.49 ± 0.1Ac

S22T180 0.25 ± 0.0Ca 0.25 ± 0.0Ca 0.25 ± 0.0Ca 17.15 ± 0.0Ba 31.18 ± 3.0Aa

Table 3  Foam capacity of SPI in differ-
ent pHs (%)

Different lower-case letters indicate 
significant differences between SPI 
samples (p < 0.05). Values are pre-
sented in mean ± standard deviation
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is because of the reduction of solubility and flexibility of 
the protein at isoelectric pH. Fat globules were surrounded 
by a charged layer of proteins at a high salt concentration 
and a two-way repulsion was created between them. The 
number of available proteins is also reduced, thereby limit-
ing the absorption of protein against water and oil. Accord-
ing to Kinsella et al. [34], protein solubility is a necessary 

around the oil droplets [46]. The reduction of interfacial ten-
sion of water and oil affects the emulsion activity.

The sample treated with 22% salt solution at 180 °C had 
the highest reduction in interfacial tension. In addition to 
pH, other factors such as nitrogen, salt concentration, protein 
shape, surface tension, and protein concentration are also 
effective in changing the emulsion capacity [30, 37]. This 

Fig. 3  Emulsion stability (a) and emulsion activity (b) of SPI at different pH levels

 

Fig. 2  Foam stability of SPI at pH 9 (a) and pH 11 (b) at different times
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formation of a cohesive protein network. Khattab et al. [47] 
also examined the functional attributes of canola, soybean, 
and flaxseed protein meal and reported that canola meal had 

condition in forming suitable emulsions. They concluded 
that ionic strength affects solubility and emulsion activity 
by increasing salt concentration which may be due to the 

Fig. 4  SDS-PAGE profile of SPI. Lan 1: S22T180, Lan 2: S18T180, Lan 3: S22T45, Lan 4: Control, and Lan 5: S18T45
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protein concentrate had protein bands with molecular 
weight of 12–39 kDa.

Fourier transform infrared analysis (FT-IR)

The protein structure shifted caused by the changes in drying 
temperature and salt concentration. Amide II was observed 
at the main peak of 1534 cm− 1 as shown in Fig. 5. The range 
of this peak is extended from 1500  cm− 1 to 1580  cm− 1. 
Amide I and II bands are the main peaks that indicate the 
presence of protein. Changes in the intensity of these peaks 
indicate denaturation in the structure of each sample [50]. 
Amide I was observed at the main peak of 1647 cm− 1 and 
the range of this peak is from 1600  cm− 1 to 1700  cm− 1. 
In this band, the C = O is detected in the α-helix structure. 
The amide I protein bond is a complex structure that car-
ries various components such as α-helix, β-sheet, random 
ring, or β-rotation. Based on the comparison of all spectra 
of samples treated with 18% and 22% of salt solution at dif-
ferent drying temperatures, their protein structure appeared 
with a slight difference in peak intensity; Sample treated at 
a higher salt concentration (22%) and drying temperature 
(180 °C) showed the shortest peak of amide I in structure 
and it is more strongly denatured than other samples.

Least gelation concentration

Table 4 shows the results of LGC. The drying temperature 
and pH are effective factors in gel formation and the con-
trol sample had the lowest ability to form a gel at pH 7, 9, 
and 11. There was no gel formed at pH 4 and 5 because of 
an insufficient electrical charge on the protein surface and 
protein solubility [51]. The LGC in all samples decreased 

the best emulsion capacity in 0.1 M salt concentration. In 
addition, the emulsion activity of the SPI sample that was 
heated to 180 °C at all pH levels was higher than others. The 
effect of drying temperature on emulsion attributes can be 
attributed to the form of protein caused by the denaturation 
at high temperatures.

Protein profiling using SDS-PAGE

SDS-PAGE was performed to evaluate the change in the pro-
tein composition of a sesame seed. Sesame protein includes 
globulin (60–70%), albumin (15–25%), prolamine (1.4%), 
gluten (6.9%) and oleosin (1.5%) [5]. Figure 4 presents the 
protein molecular weight distribution profiles of sesame 
isolates. As observed in the pattern, SPI samples had three 
polypeptides (17, 30, and 50 kDa) with the 50 kDa band in 
the lowest proportion. The main bands were found at about 
17, 35, and 50 kDa, which shows that these can be the main 
components of our samples. Despite different drying tem-
peratures and salt concentrations, all samples depicted iden-
tical band patterns, which consisted of some polypeptides 
linked to disulfide bonds. This is in agreement with Brishti 
et al. [11], who reported that different drying techniques do 
not cause dissociation of mung bean protein subunits.

The SPI treated at 180 °C and 22% salt solution formed 
the highest proportion band. The dried samples have vari-
ous protein subunits with low molecular weight, and this 
result may be attributed to the high temperature of the dry-
ing process [48]. The type of protein and heating methods 
influenced the secondary structure of the protein. The poly-
peptide composition of the SPI samples coincides with the 
results of Singharaj & Onsaard [49], who stated that sesame 

Fig. 5  FT-IR spectroscopy of SPI
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by increasing the pH. Given that the formation of a gel by 
proteins is a complex process that involves various reac-
tions such as aggregation, network formation, or denatur-
ation [25], the SPI samples treated at 180 ºC had the highest 
ability to form a gel as compared to other treatments. The 
gel is formed through intermolecular reactions that display 
a 3D network structure. Chemical, physical, and enzymatic 
processes can intensify the gelation of proteins. Although 
the salt concentration does not affect the LGC of samples 
in this study, the gel formation characteristics of proteins 
largely depend on hydrogen and covalent bonding and inter-
action [25]. The interactions between disulfide bridges and 
hydrophobic bonds during the drying process caused pro-
tein denaturation and gel formation [52].

Conclusion

Current work reports the thorough functional properties 
of sesame seed isolate that was obtained using different 
processing conditions. The salt concentration and drying 
temperature of sesame at different pH levels had a sig-
nificant effect on the functional and structural attributes of 
sesame meal protein isolate. The highest drying tempera-
ture )180 °C) increased the solubility, EA and ES, FC and 
FS, and decreased OHC and WHC. Meanwhile, the high-
est salt concentration )22%) decreased the solubility, OHC, 
and WHC, and increased FC and FS, EA, and ES. Suitable 
functional attributes were also observed at pH 9 and 11. 
Considering the good functional attributes of SPI, which is 
dried at 180 °C and 18% of salt concentration, this protein 
is suggested as an essential functional ingredient for general 
protein-based food to improve some functional attributes of 
new food products.
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