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Abstract
Tamarind seed has been a source of valuable nutrients such as protein (contains high amount of many essential amino acids), 
essential fatty acids, and minerals which are recognized as additive to develop perfect balanced functional foods. The objective 
of present work was to optimize the process parameters for extraction and hydrolysis of protein from tamarind seeds. Papain-
derived hydrolysates showed a maximum degree of hydrolysis (39.49%) and radical scavenging activity (42.92 ± 2.83%) at 
optimized conditions such as enzyme-to-substrate ratio (1:5), hydrolysis time (3 h), hydrolysis temperature (65 °C), and pH 6. 
From this study, papain hydrolysate can be considered as good source of natural antioxidants in developing food formulations.
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Introduction

Tamarindus indica L. is grown widely in in Asian countries. 
Its seeds are an abundant and cheaply available by-product 
of the tamarind pulp industry. India produces 100,000 ton of 
tamarind seed from 250,000 tons of tamarind (Singh et al. 
2007). It is rich in protein; containing a high amount of 
essential amino acids, like isoleucine, leucine, lysine, histi-
dine, methionine, phenylalanine, threonine, tryptophan, and 
valine. In addition to this, it contains non-essential amino 
acids such as cysteine, tyrosine, arginine, alanine, aspartic, 
glutamic, glycine, proline, and serine (de Lumen et al. 1986). 
It is also a good source of essential fatty acids and minerals 
particularly calcium, phosphorous, and potassium. Further-
more, tamarind kernel powder, tamarind seed polysaccha-
rides, and tamarind gum are very useful in food and pharma-
ceutical industries. The compounds extracted from tamarind 
seed have applications such as excipients in drug delivery 
systems, in curing diseases and disorders and as an immunity 
booster. Various extracted components from tamarind seeds 
are useful as additives, emulsifying, and gelling agent in the 
food industry which is reviewed by Bagul et al. (2015).

The increasing demand for continuous improvement in 
nutritional and functional properties of protein has contrib-
uted to the diversion of the research work from conventional 
sources to unconventional plant-derived protein (Henry and 
Kettlewell 1996). Significant pharmacology and medici-
nal values were found in seeds dietary proteins which are 
reported as bioactive protein (Duranti et al. 2008). Informa-
tion available for the nutritional composition and extrac-
tion of proteins from seeds such watermelon, wood apple 
and kiwi seeds (Sonawane et al. 2016; Deng et al. 2014). 
However, very few reports are available on the production 
of biofunctional peptides such as glycin rich peptides from 
guva (Pelegrini et al. 2008) antifungal peptides from kale 
seeds (Lin and Ng 2008) and antioxidant peptides from ber 
seeds (Kanbargi et al. 2016).

Hence, efforts were under taken to optimize parameters 
for tamarind seed protein extraction and enzymatic hydroly-
sis followed by its characterization for antioxidant capacity.

Materials and methods

Materials

Tamarind seeds [Periyakulam 1 (PKM-1)] were procured 
from local market of Nashik, Maharashtra, India. Seeds 
were winnowed to remove dried leaves, fruit shells, and 
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other lighter material from them. Sorting was done to 
ensure that good quality seeds of tamarind were selected 
before further processing. Parasitic-worm-infected seeds 
were removed and damaged ones were separated. Seeds 
were then thoroughly washed to remove the adhered pulp 
and to remove partially hollow infected seeds. The seed 
was sundried until constant weight. They were stored in 
airtight containers (for 1 year) for further use.

Chemicals

Sodium chloride, sodium hydroxide, urea, Tris–HCl, cit-
ric acid, ascorbic acid, sodium phosphate dibasic, sodium 
phosphate monobasic, boric acid and 85% orthophos-
phoric acid, hydrochloric acid, sulfuric acid, petroleum 
ether (bp. 60–80 °C), and ethanol were purchased from SD 
Fine Chemicals (Mumbai, India). Sodium dodecyl sulfate, 
mercaptoethanol, cysteine hydrochloride, coomassie bril-
liant blue-250, polyethylene glycol, and dialysis bag were 
purchased from Hi-Media (Mumbai, India). All chemicals 
and reagents used in the present study were of analyti-
cal grade. Alcalase, papain, and protease were obtained 
from Advanced Enzymes Technologies Pvt Ltd. (Mumbai, 
India).

Preparation of tamarind kernel powder (TKP)

Roasting was used to remove the seed coat. Sand bath was 
used in the process to achieve an even roasting effect. Dur-
ing roasting, a temperature difference develops between 
seed coat and kernel and also water from the shell evap-
orates making it brittle which results in cracking of the 
coat. These cracked seed coats were easily removed by 
little pounding. Simple separation method like winnow-
ing was used for separating coats from kernels. Tamarind 
seeds, after removal of the seed coat, were taken for grind-
ing. The flour mill was cleaned and seeds were ground 
to obtain a fine powder. The kernel powder was passed 
through 40 mesh size to ensure the uniform size of the 
particle. Tamarind kernel powder (50 g) was packed in 
Wattman number I paper. In a closed jar, 200 ml of pet 
ether was added and the packed TKP was immersed into 
the solvent. Assembly was kept for 16–18 h at room tem-
perature. The defatted flour was dried using oven drying 
(45 °C) before protein extraction (Tsopmo et al. 2010; 
Sonawane and Arya 2017b).

Centesimal composition of the tamarind seed flours

The powdered samples were subjected to proximate analy-
sis in terms of moisture, fat, protein, ash, and carbohydrate 

contents which eventually decides the approaches to be fol-
lowed for the processing of these samples. The analyses 
were carried out using official methods of analysis (AOAC 
1990).

Extraction of protein from tamarind seed 
by sequential method

100 mg of defatted samples were weighed in a conical 
flask. 50 ml of the first solvent (distilled water pH 7) was 
added. The mixture was kept at room temperature for 1 h 
with continuous stirring. After, centrifugation was done at 
10,000 rpm for 10 min. The supernatant was collected for the 
protein analysis. In the residue, the next solvent (5% NaCl 
solution) was added in the same ratio as previous. Similar 
procedure was followed for 70% ethanol and 0.25% NaOH. 
The yield of extracted protein was estimated by Bradford 
assay (Bradford 1976). Effect of different physical param-
eters like time, stirring speed, and sample-to-solvent ratio 
was also studied by keeping one-factor constant at a time.

Enzymatic hydrolysis of tamarind kernel protein

Protein samples were weighted and taken into the coni-
cal flask. Distilled water was added and stirred to make 
a homogenized mixture. pH of the protein solution was 
adjusted to optimum pH depending on the enzyme that had 
been used for hydrolysis, using 0.1 N HCl and 0.1 M NaOH. 
The enzyme was weighed according to the substrate-to-
enzyme ratio (5:1 to 100:1), mixed with the protein solution, 
and stirred vigorously. The flask was then placed in the water 
bath set at optimum temperature conditions. After desired 
time (~ 1–4 h), the flask was taken out and the reaction was 
stopped by heating the mixture at 90 °C for 10 min. The mix-
ture was cooled and analyzed for degree of hydrolysis and 
antioxidant activity. Optimum physical parameters, i.e., pH, 
temperature, and the method of inactivation for the enzyme 
used in the hydrolysis, are listed in Table 3. Optimization 
was carried out using parameters type of enzyme, enzyme-
to-substrate ratio, hydrolysis time, and temperature.

Degree of hydrolysis

The degree of hydrolysis (DH) was determined by the TCA 
method of Hoyle and Merritt’s (1994) with slight modifica-
tions. In the first part, 500 μl of hydrolyzed protein samples 
were mixed with 500 μl of 20% TCA solution. The mixture 
was allowed to rest for 30 min. After 30 min., samples were 
centrifuged at 10,000 rpm. The soluble protein content of the 
supernatant was determined by the method of Lowry et al. 
(1951), modified by Hartree (1972). Results were expressed 
as mg of protein. Finally, degree of hydrolysis was deter-
mined using following equation:
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Free radical scavenging assay

Antioxidant activity was measured using Hitachi spectro-
photometer with the improved ABTS method (Cai et al. 
2004; Re et al. 1999; Sonawane and Arya 2013). The ABTS 
reagent was prepared freshly and used within 3 days. The 
reagent was made by mixing 7 mM ABTS and 2.45 mM 
potassium persulfate. This reagent was incubated for 
16–17 h at 37 °C. The ABTS cations were diluted with 
0.01 M Phosphate buffer saline to set OD at 0.7 (± 0.02) at 
734 nm. 3.9 ml (absorbance of 0.700 ± 0.02) of ABTS was 
added to the 0.1 ml of the hydrolyzed sample and mixed 
thoroughly and absorbance was measured at 734 nm imme-
diately after 6 min. The standard curve was linear between 
0 and 20 μM trolox. Results were expressed in μM Trolox 
equivalents (TE)/g.

DPPH free radical scavenging assay

The ability to scavenge DPPH free radicals was deter-
mined based on the method (Sahreen et al. 2010; Abdille 
et al. 2005; Sonawane and Arya 2015) with slight modi-
fication in the mixture of test sample concentration and 
DPPH concentration. 0.15 mM of DPPH prepared in meth-
anol was diluted to set the absorbance below 1.2 (± 0.02) 
at 517 nm and added to the 1 ml of the test sample in a test 
tube and vigorous shaking. This was then kept for 15 min 
incubation in dark room and absorbance was measured 
at 517 nm. The standard curve was linear between 0 and 
10 μM/ml of Trolox which expressed in μM trolox equiva-
lents (TE)/g.

Radical formation by ferric‑reducing antioxidant 
power (FRAP)

Ferric-reducing antioxidant power (FRAP) assay was 
developed by Benzie and Strain (1996) with slight modi-
fication (Thaipong et al. 2006) in the mixture of test sam-
ple and FRAP reagent concentration. First, FRAP reagent 
was prepared by mixing the following solutions: tenfold 
300 mM acetate buffer + onefold TPTZ (10 mM in 40 mM 
HCl) + onefold  FeCl3 (20 mM). This 1 ml of FRAP reagent 
was added to the 0.1 ml of sample extract which was then 
shaken vigorously and absorbance was read at 593 nm after 
incubation of 15 min at 37 °C. The standard curve was linear 
between 0 and 100 μM trolox. Results were expressed in μM 
trolox equivalents (TE)/g.

%Degree of hydrolysis

= 100 ×
Soluble protein content in 10 g% TCA (mg)

Total protein (mg)
.

Determination of molecular weight of peptides

The molecular weight of peptides formed during hydroly-
sis was determined by the SDS-PAGE. For electrophoresis, 
30% acrylamide-bis-acrylamide solution mixture was used 
for the preparation of 4% stacking gel and 12% resolving 
gel. 10–20 μl of sample mixed with the sample buffer was 
loaded into the well. Gel was run at 70 V for approximately 
90–120 min for the visualization of bands, silver staining 
was done (Sonawane and Arya 2017a, b).

Statistical Analysis

Statistical analysis of the data was carried out using Tukey’s 
multiple comparison tests (p < 0.05) using the SPSS soft-
ware package version 16 of IBM.

Results and discussion

Centesimal composition of tamarind seed flour

The result of the proximate analysis is compiled in Table 1. 
Proximate analysis was done for both whole tamarind seed 
(with seed coat) and tamarind kernel (without seed coat). 
These values were compared with reported values from the 
literature (Morad et al. 1978; Ishola et al. 1990). The mois-
ture content of the whole seed was 23.60%, while reported 
moisture content was in the range of 9.4–11.3% (Morad et al. 
1978; Ishola et al. 1990). The protein content of whole seed 
was about 16.63%, while reported value was in the range 
of 13.3–26.9% (Morad et al. 1978; Ishola et al. 1990). The 
fat content of the whole seed observed was 6.13%, whereas 
reported values were in the range of 4.5–16.2% (Morad 
et al. 1978; Ishola et al. 1990). The carbohydrate content 
was found to be around 51.27%, while its reported value was 
in the range of 50.0–57.0% (Morad et al. 1978; Ishola et al. 
1990). The ash content was 2.37%, while reported value was 
2.4–4.2% (Morad et al. 1978; Ishola et al. 1990). For the 
seed kernel, moisture content was 14.77% and its reported 

Table 1  Centesimal composition of tamarind seed flour

Results were expressed as the mean ± SD of three determinations

Constituent Whole seed (%) Seed kernel (%)

Moisture 23.60 ± 1.8 14.77 ± 1.2
Protein 16.63 ± 1.5 20.34 ± 1.4
Fat 06.13 ± 2.3 03.50 ± 0.9
Ash 02.37 ± 0.7 02.88 ± 0.8
Carbohydrates (by dif-

ference)
51.27 ± 6.3 58.51 ± 4.3
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value was in the range of 11.4–22.7%. The protein content 
of the kernel was 20.34% and reported was 15.0–20.9%. The 
fat content of the seed kernel was 3.5%, while reported was 
in the range of 3.9–16.2% and the carbohydrate content was 
found to be around 58.51%, while reported carbohydrate 
was in the range of 65.1–72.2%. Seed kernel showed a lower 
level of a fat percentage than the whole seed. This can be 
attributed to the pre-treatments that were given to the whole 
seed. When seeds were roasted to remove seed coat, a small 
amount of oil leached out during the process. This might be 
the reason for the low fat percentage observed in seed kernel. 
Seed kernel also showed more protein percentage than that 
of the whole seed (Table 1).

Protein extraction by sequential extraction method 
and optimization of processes parameters

According to the solubility-fractionation scheme of Osborne 
(Ewart 1968; Page 1985), the proteins were fractionated 
into four groups (albumin, globulin, prolamin, and glute-
lin) according to their solubility in distilled water (pH 7.0), 
5% NaC1 solution (pH 7.0), 70% ethanol, and 0.25% NaOH 
solution (pH 10.0), respectively. Same scheme was applied 
for extraction, where the solutions mentioned above were 
used as a protein extraction solvent. Results of sequential 
protein extraction are mentioned in Table 2. In stage I, 
15.31 μg/mg of albumin protein was obtained. In the sec-
ond stage of extraction, an yield of 6.68 μg/mg of globulin 
was obtained. In the third and fourth stages, 18.82 μg/mg 
of prolamin and 87.65 μg/mg of glutelin were extracted, 
respectively. The yield of extracted protein combined to 
obtain overall yield for sequential protein extraction, which 
was 128.26 μg/mg (Table 2).

Physical parameters like time, stirring speed, and sample-
to-solvent ratio was optimized during extraction.

Optimization of time for protein extraction

Time was optimized by varying protein extraction time at 
all the different stages. Yield at each stage was determined 
after every 1, 2, and 3 h (Fig. 1). Maximum protein yield 
(26.82 μg/mg) was observed during stage I (2 h) followed 
by at 3 h (26.11 μg/mg), with no significant differences. For 
stage II, yield was maximum, i.e., 19.68 and 22.70 μg/mg 
at both 2 and 3 h with no significant differences. For both 
stages III and IV, maximum yield observed was 18.38 and 
71.48 μg/mg after an 1 h of extraction.

Optimization of stirring speed

To determine the effect of stirring on the extraction, 300 
and 800 rpm stirring speed was chosen, where 300 rpm was 

speed used in all earlier extraction, while 800 rpm was the 
maximum speed of an instrument. When yield was checked 
after the respective time of extraction (Fig. 2), no signifi-
cant differences at first three stages (I, II, and III) were 
observed except for stage IV, wherein an increase in yield 
was observed at 800 rpm.

Optimization of sample‑to‑solvent ratio

The sample-to-solvent ratio was optimized by taking three 
ratios into consideration viz., 1:50, 1:100, and 1:150. The 
highest yield was obtained for 1:100 ratios at stage I, stage II, 
and stage IV of extraction (Fig. 3), which was 27.14, 25.46, 
and 156.37 μg/mg, respectively. However, for extraction of 
prolamin, i.e., stage III, a ratio which gave a maximum yield 
of 18.38 μg/mg was 1:50. The total protein content observed 
for tamarind seed kernel powder during sequential extrac-
tion was 227.35 as compared to 128.26 without optimization 
(Table 2). Hence, the yield obtained with this method was 
considerably good. As the protein yield was high for albumin 
and glutelin which were subjected to enzymatic hydrolysis.

Table 2  Extraction of protein with different solvents depending upon 
their solubility

Results were expressed as the mean ± SD of three determinations

Extraction stages Avg. conc. in µg/mg

I (albumin) 15.31 ± 2.72
II (globulin) 6.68 ± 1.41
III (prolamine) 18.82 ± 0.45
IV (glutelin) 87.65 ± 3.17
Total 128.26 ± 7.75
Protein yield (overall mixture %) 63.06
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Fig. 1  Effect of different extraction times on sequential protein 
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Protein hydrolysis by enzymatic method

Tamarind kernel protein, i.e., albumin and glutelin, was 
hydrolyzed with the help of proteolytic enzymes. Hydroly-
sis was done at optimum pH and temperature level of the 
particular enzyme, as given in Table 3. For initial stage, 
sample-to-enzyme ratio was taken as 1:10. Simultaneously, 
the antioxidant activity of the hydrolyzed peptide was deter-
mined by DPPH assay. It was observed that the antioxidant 

activity was dependent on the amino acid composition of 
peptides and degree of hydrolysis and enzyme used for 
hydrolysis (Pihlanto 2006).

Screening of type of enzyme for hydrolysis

Table 3 shows the degree of hydrolysis (DH) and  % radi-
cal scavenging activity for albumin and glutelin protein, 
respectively. At the given conditions, i.e., at 1:10 enzyme-
to-substrate ratio, 2 h of hydrolysis time and the respec-
tive optimum temperature and pH conditions are shown in 
Table 3, and trypsin showed maximum DH of 49.73% with 
43.99% radical scavenging activity. Papain showed 27.73% 
of DH and 45.09% of radical scavenging activity, while 
chymotrypsin showed 44.26% DH and the highest radical 
scavenging activity of 47.99% (Table 4). However, statisti-
cally, there was no significant difference observed for the % 
radical scavenging activities of these three enzymes. In case 
of glutelin, the highest DH values were shown by trypsin 
(33.50%), chymotrypsin (32.07%) and protease (31.23%) 
with no significant differences (Table 4). Papain showed DH 
of 21.07 which was much lower than the other enzymes. 
However, the % radical scavenging activity shown by all 
the six enzymes.

When the same experiments were performed for the 
mixture of albumin and glutelin, the highest DH value was 
obtained for trypsin (39.76%) and chymotrypsin (34.51%) 
and the DH for papain (25.34) was a bit lower than both 
trypsin and chymotrypsin. However, the % radical scaveng-
ing activity was 38.97, 39.42, and 37.81 for papain, trypsin, 
and chymotrypsin, respectively, which shows no significant 
difference (Table 4).

Ideally, the enzyme is selected based on its high-
est performance for degree of hydrolysis (formation of 
large number of small peptides which aids good protein 
digestibility) and % radical scavenging activity. How-
ever, the cost of the enzyme plays a significant role in 
designing the cost-effective nutraceutical product. In 
all the three cases, papain showed equivalent % radi-
cal scavenging activity to trypsin and chymotrypsin and 
cost of the papain was lower than that of the trypsin and 
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Table 3  Optimum physical parameters for different enzymes (MEROPS—the protein database, Worthington enzyme manual)

Proteolytic enzyme Type of enzyme Active site residues Optimum 
temperature

Optimum pH Enzyme inactivation

Papain Cysteine endopeptidase Cysteine, histidine, asparagine 65 6 10 min heating at 90 °C
Pepsin Aspartic endopeptidase Aspartic acid 37 2–3 Above pH 7
Trypsin Serine endopeptidase Histidine, aspartic acid, serine 37 8 10 min heating at 90 °C
Chymotrypsin Serine endopeptidase Histidine, aspartate, serine 37 8 10 min heating at 90 °C
Protease Serine endopeptidases Glutamic acid, histidine 37 7 10 min heating at 90 °C
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chymotrypsin. Hence, papain was selected for hydrolysis 
of tamarind kernel protein (50:50 mixtures of albumin 
and glutelin).

Optimization of enzyme‑to‑substrate ratio

The enzyme-to-substrate ratio was optimized for papain by 
trying hydrolysis for different ratios such as 1:5, 1:10, 1:50, 
and 1:100 (Table 5). The enzyme was inactivated after 2 h 
and DH and radical scavenging activity was analyzed with 
given assays. The degree of hydrolysis was higher at the 
lower ratio of enzyme to substrate such as 29.53% found 
at 1:10 and 33.49% at 1:5. These values were statistically 
similar. At enzyme-to-substrate ratio of 1:5, radical scav-
enging activity obtained was equal to 42.92%, which was 
significantly higher than that of the activity obtained at 
1:10 enzyme-to-substrate ratio, i.e., 37.57%. Therefore, an 
enzyme-to-substrate ratio of 1:5 was optimized.

Optimization of hydrolysis time

Hydrolysis time was optimized by checking DH value and  % 
radical scavenging activity at 1, 2, 3, and 4 h by keeping 1:5 
enzyme-to-substrate ratio and its optimum temperature and 
pH constant. Maximum DH value of 32.82 and 33.03% was 
obtained at 3 and 4 h, respectively. Statistically, there was 
no difference between the two was observed. Similarly,  % 
radical scavenging activity was highest at 3 (41.35) and 
4 h (40.83) with no statistical difference (Table 5). Hence, 
an hydrolysis time of 3 h was considered optimal for the 
process.

Optimization of temperature for hydrolysis

For optimization of process temperature, different tempera-
tures between 45 and 85 °C were taken and the maximum DH 
and activity was checked by keeping enzyme-to-substrate 

ratio (1:5), hydrolysis time (3 h), and pH (6) constant. The 
degree of hydrolysis and radical scavenging activity was 
maximum 38.38 and 40.74%, respectively, for 65 °C. Activ-
ity, as well as DH, decreases with increase in temperature, 
as shown in Table 5. The main reason might be the loss of 
activity of enzyme due to high temperature (Chaplin and 

Table 4  Degree of hydrolysis and % radical scavenging activity of albumin, after 2 h at optimum pH and temperature conditions of different 
enzymes

a Mean ± SD of three determinations
b Mean among each set of data labeled by the same letter are not significantly different (p < 0.05) by Tukey’s multiple range test

Enzyme Degree of hydrolysis % radical scavenging activity by DPPH

Albumin Glutelin Mixture of albumin 
and glutelin

Albumin Glutelin Mixture of albu-
min and glutelin

Papain 27.73 ± 2.14cd 21.07 ± 4.19bc 25.34 ± 3.75b 45.09 ± 3.61a 32.18 ± 5.09a 38.97 ± 3.45a

Pepsin 28.14 ± 1.65cd 17.30 ± 2.47c 26.98 ± 4.14b 35.41 ± 2.68b 30.91 ± 3.47a 29.50 ± 2.24b

Trypsin 49.73 ± 3.38a 33.50 ± 3.09a 39.76 ± 4.78a 43.99 ± 3.48a 32.68 ± 2.73a 39.42 ± 0.94a

Chymotrypsin 44.26 ± 1.17b 32.07 ± 2.39a 34.51 ± 2.34a 47.99 ± 1.63a 31.43 ± 1.92a 37.81 ± 2.88a

Protease 33.61 ± 4.25c 31.23 ± 1.93a 31.08 ± 1.65ab 33.21 ± 3.20b 32.91 ± 1.19a 31.23 ± 1.18b

Pancreatin 28.83 ± 0.79cd 25.69 ± 1.77b 17.38 ± 2.94c 34.87 ± 2.13b 31.50 ± 3.21a 27.56 ± 4.49a

Table 5  Optimization of processes parameter for papain hydrolysate 
for mixture of protein (albumin and glutelin)

a Mean ± SD of three determinations
b Mean among each set of data labeled by the same letter are not sig-
nificantly different (p < 0.05) by Tukey’s multiple range test

Degree of hydrolysis % radical scav-
enging activity

Enzyme:substrate ratio
 1:5 33.49 ± 1.47a 42.92 ± 1.48a

 1:10 29.53 ± 2.69a 37.57 ± 1.37b

 1:50 18.58 ± 1.63b 22.71 ± 1.74b

 1:100 12.83 ± 2.18c 10.58 ± 2.85c

Hydrolysis time (h)
 1 19.35 ± 1.47c 27.43 ± 1.28c

 2 27.14 ± 2.36b 37.68 ± 1.07b

 3 32.82 ± 2.44a 41.35 ± 2.91a

 4 33.03 ± 2.13a 40.83 ± 1.49a

Hydrolysis temperature (°C)
 45 22.69 ± 0.67b 28.71 ± 1.42b

 55 36.93 ± 1.29a 37.88 ± 3.97a

 65 38.38 ± 2.75a 40.74 ± 3.29a

 75 25.03 ± 3.83b 19.71 ± 1.51c

 85 17.43 ± 2.38c 12.88 ± 2.64d

pH
 4 12.58 ± 3.49d 14.81 ± 1.71d

 5 23.23 ± 2.47c 24.62 ± 2.29c

 6 39.49 ± 3.07a 42.92 ± 2.83a

 7 32.31 ± 2.36b 30.87 ± 1.95b

 8 25.04 ± 1.73c 21.29 ± 3.14c
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Bucke 1990). Hence, at 75 and 85 °C, DH and the radical 
scavenging activity were very low.

Optimization of pH for hydrolysis

Different pH over the range of 4–8 were checked for the 
highest DH and radical scavenging activity by keeping 
enzyme-to-substrate ratio (1:5), hydrolysis time (3 h), and 
hydrolysis temperature (65 °C) constant. Maximum degree 
of hydrolysis (39.49%) and radical scavenging activity 
(42.92 ± 2.83%) was observed at pH 6 (Table 5). This could 
be due to the fact that at different pH (except optimum); 
the charge on structure varies with consequent structural 
alterations. This results in changing the binding of substrate, 
the catalytic efficiency, and the amount of active enzyme 
(Chaplin and Bucke 1990).

Antioxidant activity of protein hydrolysates

Antioxidant activity of the protein hydrolysates was 
checked by three assays DPPH radical scavenging assay, 
ABTS assay, and FRAP assay. The antioxidant activity 
was measured in terms of Trolox Equivalent per mg of 
protein. Papain-derived hydrolysates showed an activity 
of 178.83 μM TE/mg of protein by DPPH assay, 66.94 μM 
TE/mg of protein by ABTS assay, and 94.71 μM TE/mg of 
protein by FRAP assay (Table 6). The protein hydrolysate 
from ber seed using papain shows 9.14 μM TE/mg of 
protein and 17.54% activity by DPPH. Similarly, 15.71% 
of DPPH activity at concentration of 5 mg/ml shown by 
C. lanatus seed protein hydrolysate (Sonawane and Arya 
2017a) and 15.02% DPPH activity observed at 40 µg/ml 
from L. acidissima seed protein hydrolysate (Sonawane 
and Arya 2017a). The difference in the activity of pro-
tein hydrolysate is due to the different seeds and different 
methods of extractions used (Kanbargi et al. 2016). The 
sequence of amino acids or composition of amino acids, 
hydrophobicity of protein molecules, and size are respon-
sible to affect on antioxidant activity (Kong and Xiong 
2006; Sarmadi and Ismail 2010). There are reports which 
show that few amino acids like Arg, Lys, Gly, His, Leu, 
and Tyr show antioxidant activity (Xie et al. 2008).

SDS‑PAGE for molecular weight determination 
of peptides formed

SDS-PAGE was performed to determine the molecular 
weights of different peptides formed during the hydroly-
sis. It was seen that broad range of peptides was formed 
during the hydrolysis process (Fig. 4). There were around 
14–15 bands of protein fractions and peptides were seen 
with a molecular weight ranging from 70–74 kDa to even 
lower than 14 kDa.

Glutelins are storage proteins. Native glutelins 
weighted approximately 300  kDa. The peptide subu-
nits of gluteins are of two types, high molecular weight 
subunit (80–120 kDa) and low molecular weight subunit 
(40–55 kDa). It was seen (Table 4) that the DH value for 
the glutelin protein was low. Therefore, there were a large 
amount of protein which was not hydrolyzed and appeared 
in the SDS-PAGE at high molecular weight region.

Conclusions

Proteins were efficiently extracted using sequential extrac-
tion method which were further subjected to hydrolysis 
through screening of different enzymes for obtaining good 
antioxidant activity polypeptide. From above study, it can 
be concluded that bioactivity of the peptide depends on 
the type of enzyme used for the hydrolysis, degree of 
hydrolysis and the type of peptide formed. Optimum tem-
perature, pH condition during the hydrolysis also plays 

Table 6  Antioxidant capacity of protein hydrolysates by DPPH, 
ABTS, and FRAP assay

Mean ± SD of three determinations

Hydrolysates DPPH (µM 
of TE/mg of 
protein)

ABTS (µM 
of TE/mg of 
protein)

FRAP (µM of TE/
mg of protein)

Papain 178.83 ± 11.79 66.94 ± 1.49 94.71 ± 4.23

Protein marker             Papain hydrolysates

220

116

95

66

47

43

35

25

20

14

Fig. 4  SDS-PAGE for papain hydrolysates
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very important role to retain the enzyme in its active form. 
Therefore, according to this study, papain hydrolyzed tam-
arind kernel protein (albumin and glutelin) at optimized 
conditions; showed good antioxidant activity. This may 
foreknow their future uses into either functional foods or 
dietary supplements.
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