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Abstract In the present study protein was isolated from
tamarind seed powder and was subjected to ultrasonication
by varying the time (15 and 30 min) and intensity (100 and
200 W) of treatment. The effect of the ultrasound treatment
on the various properties like solubility, emulsifying
property, foaming property, water holding capacity, oil
holding capacity, particle density and molecular weight
was investigated. The solubility, emulsifying property,
foaming property, water holding capacity and oil holding
capacity of the ultrasonically treated tamarind seed protein
isolates improved after treatment and was found to increase
with time or intensity of the treatment. The particle density
slightly decreased after ultrasonication, but significant
differences could not be observed for the different treat-
ment conditions. The SDS-PAGE profiling did not reveal
any differences in the molecular weights of the treated and
untreated proteins, implying that ultrasonication did not
affect the primary structure of the proteins. It can be con-
cluded from the study that ultrasonication can be used to
improve the functional properties of tamarind seed protein
isolates and therefore has potential for use in various food
and non-food applications.
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Introduction

Tamarind (Tamarindus indica) from the family of Faba-
ceae is a leguminous tree which is native to tropical Africa.
In general, tamarind plays a central role in the cuisines of
South East Asia, the Indian subcontinent and America
mostly in Mexico (Chant 1993). It is primarily used for its
fruit eaten either fresh or processed (Bagul et al. 2015). The
pulp of the fruit is mainly used as a souring agent or
acidulant in curries, sauces, gravies, chutneys and certain
beverages (Kumar and Bhattacharya 2008). The seeds of
the tamarind fruit are a by-product of the tamarind pulp
industry. The seeds as a whole are not used for food or feed
purposes due to presence of certain antinutritional factors
like tannin, phytic acids, total free phenolics, etc. (Kumar
and Bhattacharya 2008). Chambers of the tamarind seeds
are covered with a parchment like a peel. The colours of
the seeds are red to purple brown and hard in nature. Size
of the seeds varies from 320 to 700 gm per kg of fruit. The
seeds are dicotyledonous and are approximately 3 cm by
1.3 cm in size, flattened and glossy. The seed coat or testa
consists of 20-30% of the weight and the endosperm or
kernel consists of 70-75% of the weight of the tamarind
seed. In tamarind seed the seed percentage is around 40%
of the total mass (Bagul et al. 2015).

The powder of tamarind seed is having very high
quantity of protein (18.4 to 26.9%) and rich in numerous
and well balanced essential amino acids like valine,
methionine, lysine, leucine, isoleucine, glutamic acid,
aspartic acid and phenylalanine and has high level of
in vitro digestibility of 71.3% (Bhattacharya et al. 1994). It
is a by-product of the marketable or non-commercial
application of the tamarind fruit for various purposes. This
waste product mostly from commercial consumptions can
serve as good source for tamarind seed (Bagul et al. 2015).
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As the tamarind seeds are rich in proteins and have a well-
balanced amino acid profile, the protein can be isolated
from the tamarind seeds for application in various food and
non-food purposes.

Isolates are the distinguished form of proteins, which are
without difficulty consumable and can be incorporated in
different food products. The formulated foods that are to be
developed of new class the protein isolates play the vital
role for the development of product. It is an ideal raw
component which is used in liquid refreshment, kids’ milk
food and baby foods, textured protein foodstuffs and cer-
tain types of domain foods. Protein isolates are developing
from various types of leguminous plant such as peanut,
navy beans, soy bean sesame pinto, canola almonds and
cashew nut.

Most of the native proteins do not possess the desired
functional properties for application in various industries.
Functional properties of the proteins can be altered by
chemical, enzymatic and physical processes. Use of
enzymes to change the functional properties of proteins is
often costly and is not affordable. Chemical modification of
protein may have undesirable and adverse health effects
such as toxicity, allergy, impairment of nutrition etc.
Physical methods like heating, freezing, extrusion etc. can
be used to change the properties of proteins, but these
processes are energy intensive (Mirmoghtadaie et al.
2016). The need for novel technologies which are envi-
ronmental friendly, energy efficient and perceived safe by
consumers are therefore important for modification of food
products. Among this, ultrasound is one such technology
which has wide range of applications.

In recent years, it has been seen that there is a rapid
increase in the use of ultrasound for the modification of
food products as well as for the analysis in the food
industry. The sound waves of frequencies which are very
high cannot be detected by the human ear i.e. above
16 kHz produces a form of sound energy i.e. ultrasound.
When the ultrasound is propagated over a biological
structure, a high total of energy is produced which induces
compressions and depressions in the particles of the med-
ium. The basis of analysis of ultrasound is the bond
between that determines their physical properties (struc-
ture, physical state and composition) and the ultrasonic
properties of foods (attenuations velocity, coefficient and
impedance). Complementary to the classical techniques, in
processing, the frequent use of ultrasound creates a novel
and interesting methodologies in food. The recovery of
extraction of organic compounds which are confined within
the body of plants and seeds can be achieved by the sig-
nificant practice of power ultrasound.

In order to improve the functional properties (gelation,
viscosity, enhancement, foaming, and emulsifying etc., the
ultrasound processing of proteins has the potential for the

improvement and also added the exchange of current
emulsification technologies. In the classification of food
protein, the specific interest of proteins is as emulsifier
because of their ability to form the interfacial films and to
adsorb to oil water interfaces (Lam and Nickerson 2013).
For the functional modification and lipids for emulsifica-
tion in the food ingredients the ultrasound treatment mainly
influences on protein. The ultrasound treatment of protein
modification significantly compacts the aggregate size and
hydrodynamic volume. The reduction in size of the protein
was related to the cavitation produced by ultrasound and to
the hydrodynamic shear forces.

Although there are studies on modification of proteins
by ultrasound from various other sources like whey protein
(Frydenberg et al. 2016; Jambrak et al. 2008), milk protein
(Yanjun et al. 2014), soy protein (Jambrak et al. 2009; Hu
et al. 2013a), wheat gluten (Zhang et al. 2011), squid ovary
powder (Singh et al. 2018) and other proteins (Arzeni et al.
2012) or application of ultrasound for enzymolysis of
walnut meal protein (Golly et al. 2019), there are no report
on modification of tamarind seed protein using ultrasound.
The present study was planned with the aim to modify the
protein isolated from tamarind seeds using ultrasound
treatment and to study the functional properties like solu-
bility, emulsifying properties, foaming properties, particle
density, molecular weights, water and oil holding capaci-
ties of untreated and treated proteins.

Materials and methods
Protein isolation

Tamarind seed powder was purchased from Akshar Exim
Co. Pvt. Ltd. (Kolkata, India) for protein isolation and
modification. All other chemicals used in the experiment
were of analytical grade. Protein from tamarind seed
powder was isolated by isoelectric point precipitation
method as described by Smith and Circle (1939). For
extraction of protein 100 g of tamarind seed powder was
mixed with deionized water in the ratio of 1:10 and stirred
properly in a vessel. The pH of the suspension was adjusted
to 12 using 1 M NaOH and kept for 1 h. After 1 h the
suspension was centrifuged at 7800xg for 15 min and the
supernatant was collected. Afterwards, the pH of the col-
lected supernatant was adjusted to 4 i.e. the isoelectric
point of tamarind seed protein as determined previously
using 1 M HCI, and kept for 1 h. Again after 1 h the sus-
pension was centrifuged at 7800xg for 15 min and the
precipitated protein was collected. The precipitate was then
dried at 40 °C for 24 h and kept in air tight containers for
further analysis. The moisture and protein content of the
tamarind seed powder and tamarind seed protein isolate
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was determined by AOAC (1990) and Kjeldahl method
(AACC 1990) respectively. The moisture content and
protein content of the tamarind seed powder were
11.64 £ 023% (m=5) and 13.78 £ 0.52% (n=>5)
respectively, whereas that for untreated isolate was found
to be 7.56 £ 0.23% (n =5) and 68.32 &+ 0.96% (n =5)
respectively for moisture and protein.

Modification of isolated protein by ultrasound

The modification of the isolated protein from the tamarind
seed was carried out using ultrasonic processor (Ultrasonic
Homogenizer Model U500 TAKASHI) with 6 mm diam-
eter probe at a fixed frequency of 25 kHz. For modifica-
tion, 10 g powder of the protein isolates was mixed with
100 mL distilled water in a 250 mL beaker and kept for
ultrasonic treatment by varying the time and power of
ultrasound. A 2 x 2 full factorial experiment was per-
formed at two different levels of treatment time (15 and
30 min) and ultrasound power (100 and 200 W). The
maximum time of treatment and power level were selected
after preliminary experiments, so that there is no significant
rise in temperature to cause thermal denaturation of the
protein. After ultrasonication the isolated protein was
separated from the solution by centrifugation at
7800x g for 15 min and the precipitated protein was col-
lected. The precipitate was then dried at 40 °C for 24 h so
that the isolated protein does not get denatured during
drying. The dried powder was kept in air tight containers
for further analysis.

Protein solubility

The solubility of tamarind seed protein isolate was deter-
mined as described by Butt and Batool (2010). Protein
isolates of tamarind seed powder (0.25 g) was homoge-
nized in 20 mL 0.1 M NaCl solution and was adjusted to
pH of 7.0 and kept for 1 h. After 1 h centrifugation was
carried out for 30 min at 10,000xg. The nitrogen content
of the soluble fraction was determined by Kjeldhal method
(AACC 1990) and finally solubility was calculated as the
total nitrogen of the original sample to that of the soluble
fraction in percentage.

Protein content in the supernatant

Solubility (%) =

Total protein content in the sample

x 100

Particle density
The particle density of the tamarind seed protein isolates

were determined by using the gas (helium) pycnometer
(Gas Pycnometer PYC-100A). Sample was placed in the
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sample cell and degassed by purging with a flow of dry gas
(helium) by a series of pressurization cycles.

Water holding capacity

The water holding capacity of the tamarind seed protein
isolate was determined as described by Sosulski et al.
(1976). Protein isolate from tamarind seed (1 g) was taken
and mixed with 10 mL of distilled water in the pre-
weighed centrifuge tubes which were agitated for few
seconds and kept for 30 min. After an interval of 30 min
the contents were centrifuged at 3000xg for 25 min.
Supernatant was removed by 25 min of drainage at 50 °C,
then re-weighing the protein isolate.
Water holding capacity was calculated as:

WHC — Weight of the tube after the supernatant was released

" Weight of the tube with sample before water addition
% 100

Oil holding capacity

Oil holding capacity of the tamarind seed protein isolate
was determined as described by Sarv et al. (2017).
Tamarind seed protein isolate (0.5 g) was mixed with 6 mL
corn oil in pre-weighed centrifuge tubes. The tubes were
agitated for one min to get complete dispersion of the
sample in oil. After 30 min holding time, the samples were
centrifuged at 3000xg for 25 min. The supernatant was
pipetted and the tubes were kept inverted for 25 min for the
complete drainage of oil before re-weighing. The oil
absorption was expressed as gram of oil absorbed per gram
of tamarind seed protein isolate.
Oil absorption was calculated as:

_ Weight of the tube after the supernatant was released
" Weight of the tube with sample before oil addition
x 100

Foaming properties

The foaming capacity of the tamarind seed protein isolate
was determined by the method as described by Lin et al.
(1974). A 50 mL of 3% (w/v) dispersions of tamarind seed
protein isolate sample in distilled water was prepared and
instantly transferred into a graduated cylinder, the volume
of foam was recorded before and after whipping. The
calculation of foaming capacity was done according to the
following equation:
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Foaming capacity (%)
_ Volume after whipping — Volume before whipping

Volume before whipping
x 100

Foaming stability was calculated by change in volume
of foam after 60 min of standing at 20 °C as follows:

Foaming stability (%) =

Volume of whipped solution after 60 min standing — Volume before whipping «

with the SDS buffer (0.5 M Tris, 2.0% SDS, 0.05%
b-mercapto ethanol, pH 6.8) (sample: sample buffer %
50 mg:150 pL), the TSP isolate was mixed and heated to
95-100 °C for 15 min and was mixed again in the vortex
for few minutes. The TSP isolate solution was also mixed
with SDS buffer as specified above. SDS-PAGE was
accepted out by loading 15 pL of samples on to the gels
formerly prepared on a Mini-PROTEAN II system (Bio-

100

Volume after whipping — Volume before whipping

Emulsifying properties

The emulsifying activity and stability of the tamarind seed
protein isolate were determined as described by Naczk
et al. (1985). Tamarind seed protein isolate (1.5 g) was
homogenized in 25 mL water for 30 s at 10,000 rpm. Corn
oil (12 mL) was added and the mixture was again
homogenized for 30 s at 10,000 rpm. The emulsion was
divided two equal volume aliquots for determination of
emulsifying activity and emulsifying stability respectively.
One aliquot was centrifuged for 5 min at 1100xg for
determination of emulsifying activity. The other aliquot
was heated for 15 min at 85 °C, cooled to room tempera-
ture and centrifuged for 5 min at 1100x g for determination
of emulsifying stability. The ratio of height of emulsion to
the height of layer of liquid was distinguished for the
calculation of activity of emulsion. The emulsifying
activity and stability were determined by using the fol-
lowing equations:

Emulsifying activity (%)
_ Height of emulsified layer in the tube
"~ Height of total content of the tube

x 100

Emulsifying stability (%)
_ Height of emulsified layer in the tube after heating

" Height of emulsified layer in the tube before heating
x 100

Sodium-dodecyl-sulphate polyacrylamide gel
electrophoresis (SDS-PAGE)

The configuration of protein for the TSP isolate solution
was analyzed by means of sodium dodecyl sulphate poly-
acrylamide gel electrophoresis (SDS-PAGE) under reduced
conditions. Newly prepared solution dissolved by the vor-
tex at 4200x g at 20 °C was centrifuged for 20 min. Again

Rad). The resolving gel contained 15.0% acrylamide and
the stacking gel was made up of 10.0% acrylamide. After
running, the gel was stained for 45 min with a Coomassie
Brilliant Blue with water methanol and acetic acid in a
ratio of 45:45:10 and it was retained in a shaker for 45 min.
The gels were distained with the distaining solution which
enclose the water methanol and acetic acid in the same
ratio of 45:45:10 and was washed with running water and
was kept overnight in water and was scanned using a Gel
Doc system (Bio-Rad Chemi Doc XRS+) (Sarkar et al.
2016).

Statistical analysis

All the experiments were performed in triplicates and
significant differences between the data were calculated by
Duncan’s multiple range tests using SPSS 16 (IBM Ana-
lytics, USA).

Results and discussion

Influence of ultrasound treatment on tamarind seeds
protein isolates solubility

The solubilities of the untreated and ultrasonically treated
tamarind seed protein isolates are presented in Table 1.
There was significant increase in solubility of protein when
power of treatment or treatment time was increased.
Basically for the performance of protein isolates united in
the food system, protein solubility is a beneficial indicator
and also it extends the denaturation of protein because of
treatment with heat and chemicals (Horax et al. 2004).
During ultrasound treatment large number of cavitation
bubbles can cause an increase in protein solubility which
leads to unfolding of proteins due to large increase in local
temperature and pressure in the neighboring area of col-
lapsing bubbles, and during hydrolysis an infringement of
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Table 1 Solubility, particle density, water and oil holding capacity of untreated and treated tamarind seed protein isolates

Sample Code
12

Ultrasound treatment conditions

Solubility (%)

Particle density

Water holding

Oil holding

fo- Treatment Time  Treatment (gfem’) capacity (%) capacity (%)
(min) intensity (W)

1 N 0 0 69.09 + 0.47* 1.51 + 0.03 108.7 + 0.7* 140.80 + 0.54*

2 Ml 15 100 72.38 £+ 0.35° 1.45 £ 0.02° 132.06 + 0.67° 159.88 + 0.36°

3 M2 15 200 77.12 + 0.37° 143 4+ 0.03° 138.27 + 0.60° 166.37 & 0.42¢

4 M3 30 100 80.75 £ 0.91¢ 1.41 £ 0.01° 14230 + 0.75¢ 170.13 + 0.26¢

5 M4 30 200 81.02 + 0.22¢ 1.40 & 0.04° 145.54 + 0.35° 171.95 + 0.31¢

'Values represented as mean + SD of three replications

ZValues followed by same superscript small letters within a column are not significantly different (p < 0.05)

peptide bonds. Protein solubility is increased by the high
intensity ultrasound when the hydrophilic amino acids
residues are oriented towards water by varying conforma-
tion and structure of proteins (Moulton and Wang 1982).

Ultrasound treatment has exhibited high increase in
solubility of protein of tamarind seed protein isolate when
compared with untreated sample. Protein solubility was
found to be higher after ultrasonication and was highest
when power was 200 W and treatment time was 30 min,
followed by the treatment with 100 W for 30 min. It shows
that protein solubility increased with both time of treatment
as well as intensity of treatment. Significant difference was
not observed when the power was increased from 100 to
200 W at 30 min treatment time, implying that time of
treatment is more important for unfolding of the protein to
expose the amino or carboxylic groups of the protein.
Ultrasound might disrupt the weaker bonds like hydrogen
bonds present in the protein, thereby inducing conforma-
tional changes in the protein which might increase the
solubility of the proteins. Ultrasonic treatment might also
reduce the particle size of the protein aggregates, resulting
in increased protein-water interactions thereby increasing
the solubility (Arzeni et al. 2012). Similar results of
increase in solubility with ultrasonication was observed by
Hu et al. (2013a) for soy protein isolates, and Jambrak et al.
(2009) for ultrasound treated soy protein.

Influence of ultrasound treatment on the particle
density of tamarind seed protein isolates

The particle densities of the untreated and ultrasonically
treated samples are presented in Table 1. The differences
in the particle densities between the treated samples were
not significantly different. Although, the particle densities
of the treated samples were slightly lower than that of the
untreated sample and the difference is statistically signifi-
cant. The lowering of the particle density after ultrasonic
treatment might be attributed to the unfolding and then
rearrangement of the of the protein structure after
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ultrasound treatment. It has been reported that the particle
density of most of the powdered foods is between 1.4 and
1.5 g/cm® (Peleg 1983) and the particle densities obtained
in the present study were found to be between 1.40 and
1.51 g/em®.

Influence of ultrasound treatment on water holding
capacity of tamarind seed protein isolates

Water holding capacity (WHC) signifies the interaction
between protein molecules and water that occurs is various
food systems and is one of the important properties of
ingredients used for products like gravies or sauces. The
water holding capacity for the untreated and treated
tamarind seed protein isolates are presented in Table 1.
Results from the present investigation shows that the WHC
increased from 108.7% in the untreated sample to 132.06%
for sample treated for 15 min at 100 W. When the treat-
ment intensity or time was increased, further increase in the
WHC was noticed. Highest WHC of 145.54% was obtained
for the sample treated for 30 min at 200 W intensity. The
increase in WHC for the protein isolates treated with
ultrasound might be attributed to the unfolding of the
polypeptide chain due to ultrasonic treatment which
exposed the hydrophilic groups. Apart from the exposure
of the hydrophilic groups due to ultrasound treatment
hydrophilic-hydrophobic balance of amino acids in the
molecules of proteins as well as carbohydrates lipids and
tannins associated with proteins and several parameters
such as the conformational characteristics, size, shape,
steric factors are also responsible for change in water
holding capacity. These results are consistent with the
results obtained for solubility of the ultrasound treated
proteins obtained in the present investigation. Improvement
in WHC with increase in protein solubility was reported by
Wu et al. (2011). Similar results were also obtained by Hu
et al. (2013a) for soy protein isolate pre-treated with high
intensity ultrasound.
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Influence of ultrasound treatment oil absorption
capacity of tamarind seed protein isolates

Knowledge of oil holding capacity (OHC) of proteins is
important as it is directly related to the emulsifying prop-
erties of the proteins. Stability of the emulsion as well as
the oxidative stability of the fats or oils present in a food
system is dependent on the binding of the fats or oils to
other components of the food system particularly protein
(Menezes et al. 2015). The results obtained for the oil
holding capacities in the present study shows that the OHC
of the ultrasonically treated samples were much higher as
compared to that of untreated tamarind seeds protein iso-
lates (Table 1). Proteins which are composed of both
hydrophilic and hydrophobic parts as the major chemical
components affects the oil holding capacity, with the
hydrocarbons chains of lipids the non-polar amino acids
side chain forms the hydrophobic interactions (Jit-
ngarmkusol et al. 2008). As discussed earlier the reason for
increase in OHC of the protein isolates might be attributed
to the unfolding of the polypeptide chains as well as con-
formational changes in the protein structure which are
caused by the collapse of the cavitation bubbles near the
protein molecules due to ultrasonication. These changes
exposed the non-polar hydrophobic side chains of amino
acids present in the protein molecule which increased
binding of the oil molecules to the protein molecules. Since
the oil holding capacity is of significance in improving the
mouth feel of foods and acts as flavor retainer, it is con-
sidered very important property of proteins for incorpora-
tion in various food formulations. The variation in the OHC
of the different ultrasonically treated samples might be due
the different degrees of unfolding of the polypeptide
chains, which was a function of both intensity of ultra-
sonication as well as time of treatment. Although, all the
values of OHC are significantly different for the various
treatments, it can be seen that the difference between the
samples treated for 30 min at different intensity (100 and
200 W) was much less as compared to the other values.
This implies that at higher treatment time changing the
intensity may not affect much, and unfolding of polypep-
tide chain is time taking process.

Influence of ultrasound treatment on foaming
properties of the tamarind seed protein isolates

Proteins are used as foaming agents in various food and
non-food applications as proteins can be easily adsorbed
in the air—water interface. The foaming capacity and
stability of the of the untreated and ultrasonically treated
tamarind protein isolates are given in Table 2. It was
observed that the foaming capacities significantly
increased for the ultrasonically treated samples. Highest
foaming capacity of 36.41% was observed for the sample
treated for 30 min at 200 W intensity as compared to
17.32% for the untreated sample. Significant increase in
the foaming capacity was observed when both the time of
treatment or intensity of treatment was increased. The
increase in foaming capacity due to ultrasound treatment
might be due to denaturation of the native protein and
unfolding of the polypeptide chain. It is generally
accepted that denaturation and unfolding of polypeptide
chain exposes the hydrophobic regions which is essential
for adsorption of the molecules to the air—water interface
(Kresi¢ et al. 2008). Similarly, foam stability was also
found to increase with ultrasound treatment. The results
of foaming properties in the present study are found to be
consistent with the results obtained for solubility and
OHC of the treated protein isolates as foam forming and
foam stabilizing ability of protein is dependent on solu-
bility of the protein as well as hydrophobicity of the
protein (Barac et al. 2010). Similar increase in foaming
capacity and stability was reported by Jambrak et al.
(2009) for ultrasonically treated soy protein, Zhang et al.
(2011) for wheat gluten treated with ultrasound, by Ste-
fanovic et al. (2014) for egg white protein and Jambrak
et al. (2008) for ultrasound treated whey protein
suspensions.

Influence of ultrasound treatment on emulsifying
properties of the tamarind seed protein isolates

Properties of emulsion are significant for the functional
properties of protein which affects the performance of food
products. Emulsifying properties characterizes the ability

Table 2 Foaming and emulsifying properties of untreated and treated tamarind seed protein isolates

Sample no.'? Code Foaming capacity (%) Foaming stability (%) Emulsifying capacity (%) Emulsifying stability (%)
1 N 17.32 4+ 0.26° 921 + 0.37° 62.34 + 0.29° 67.65 + 0.34°
2 Ml 21.47 £+ 0.29° 9.29 + 0.22° 75.17 + 0.36° 71.48 + 0.36"
3 M2 26.15 + 0.30° 14.63 & 0.59° 75.85 + 0.28° 73.64 £+ 0.27°
4 M3 28.84 + 0.56¢ 15.69 + 0.48° 76.59 + 0.48° 81.58 + 0.39¢
5 M4 36.41 £ 0.35° 17.23 4 0.43¢ 79.41 £ 0.46° 82.53 + 0.39°

'Values represented as mean = SD of three replications

ZValues followed by same superscript small letters within a column are not significantly different (p < 0.05)
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of a protein to get adsorbed into the oil-water interface and
expresses the interfacial area stabilized per unit weight of
protein. The emulsifying activity and stability of the
untreated and ultarsound treated tamarind seed protein
isolates are presented in Table 2. The results show that
emulsifying activity as well as stability improved with
ultrasonication and was more when time of treatment or
the intensity of treatment was more. Highest emulsifying
activity and stability of 79.41% and 82.53% respectively
was obtained for protein isolate treated for 30 min at
200 W intensity. The change in emulsifying activity or
stability was much higher for all the ultrasonically treated
samples as compared to the untreated one, but within the
treated samples the differences were less. This shows that
ultrasound has a profound effect in improving the emul-
sifying property of proteins. The emulsifying property of
protein is attributed to (1) protein solubility (2) surface
charge (3) surface hydrophobicity and (4) molecular
flexibility. Ultrasound can modify the functional proper-
ties of proteins with some secondary structure changes as
reported by Kresic et al. (2008). The effects of ultrasound
are a combination of thermal, mechanical and chemical
effects as mentioned by Hu et al. (2013b). The instanta-
neous extreme temperatures and pressures generated by
ultrasound which is able to change the structure of the
protein molecules might be the major force that improves
the emulsifying properties of the tamarind seed protein
isolates. As with foaming capacity, emulsifying ability is
also a function of solubility and hydrophobicity of the
proteins. The results of the present study are in agreement
with the results obtained by Jambrak et al. (2009), Zhang
et al. (2011), Yanjun et al. (2014) and Stefanovic et al.
(2014) for ultrasonically treated soy proteins, wheat glu-
ten, reconstituted milk protein and egg white protein
respectively.

Fig. 1 SDS-PAGE profiles of
untreated and treated tamarind
seed protein isolates

Marker

SDS-PAGE profiles of tamarind seed protein isolates

SDS-PAGE was used to observe the changes in the protein
molecular weight after ultrasonication (Fig. 1). Two bands
at 33 kDa and 14 kDa were seen for all the treated and
untreated samples showing that ultrasound did not affect
the molecular weight of the proteins or the primary struc-
ture of the proteins. Similar results were reported by Hu
et al. (2013a) for soy protein isolates where no change was
observed between the ultrasonically treated and untreated
samples. Zhang et al. (2011) showed that ultrasound
treatment did not induce major changes on the protein
electrophoretic patterns of wheat gluten samples. Similar
findings were also reported by Yanjun et al. (2014) for milk
protein, Jiang et al. (2014) for black bean protein isolate
and O’Sullivan et al. (2016) for various animal and plant
proteins after ultrasound treatment. The results suggest that
ultrasound may not affect the primary structure or the
molecular weight of the protein, but has definite effect on
the conformation of the protein aggregates as can be
observed from the changes in other properties after ultra-
sound treatment.

Conclusion

The present study reveals that application of ultrasound
treatment improves the functional properties of proteins
like solubility, emulsifying, foaming, water and oil holding
capacities. Solubility, emulsifying activity, foaming
capacity water holding capacity and oil holding capacity
was found to be highest when both time of treatment as
well as intensity of treatment were high. Therefore, it can
be concluded that ultrasound can be used to modify the
properties of tamarind seed proteins as it consumes less

15 15 30 30
min/100 min/200 min/100 min/200
Untreated W W W W
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energy and was found to be more time effective when
compared to other traditional technologies for protein
modification. This study also present a way of utilizing
tamarind seeds which is considered to be a waste product in
various food and non-food applications.
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