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Abstract

Tamarind seeds are one of the major sources of different nutrients and minerals and are used as antioxidant components in
various food products. Bioactive peptides are released by enzymatic hydrolysis of major food proteins followed by different
separation techniques to isolate them from the mixture of other components. Further incorporation of bioactive peptides in
various food products may lead to more diversification, fulfilling different nutritional requirements, and promoting health
benefits. The objective of this study was to optimize the parameters for the formation of tamarind protein hydrolysates with
the use of pepsin and trypsin. It was observed that pepsin and trypsin derived hydrolysate showed the maximum degree
of hydrolysis and other bioactive characteristics (DPPH activity, reducing power, ABTS activity, and antidiabetic activity)
under optimized conditions. High-performance liquid chromatography was performed for amino acid profiling on trypsin
derived protein hydrolysate. From this study, pepsin and trypsin derived hydrolysate can be considered as a rich source of

natural antioxidants for developing food formulation.
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Introduction

The protein-derived fragments, which provide health bene-
fits to humans on their consumption, are termed as bioactive
peptides (Bhandari et al. 2019). In recent years, a number
of studies have been conducted to extract bioactive peptides
from food proteins and expand this area for numerous health
benefits. Also, food protein hydrolysates and peptides are
considered favourable ingredients for the production of func-
tional foods (Kanbargi et al. 2017), and digestion of these
proteins can lead to the release of bio-functional peptides
in the body (Sonawane and Arya 2017a, b). There are two
methods for isolation of these peptides from food proteins-
enzymatic hydrolysis and microbial fermentation. Follow-
ing these methods, short-chain peptides are separated using
different techniques like size-exclusion chromatography,
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electro-dialysis ultra-filtration, freeze-drying desalting,
high-performance liquid chromatography, etc. (Bhandari
et al. 2019).

Tamarindus indica L. is one of the most important legu-
minous tree species, and it is indigenous to tropical Africa
and is grown widely in Asian countries. Today, India is the
largest producer of tamarind seeds (100,000 tons) from
250,000 tons of tamarind (Singh et al. 2007). Tamarind
seeds contain 7-10% of protein with a high amount of essen-
tial amino acids and are used as natural antioxidants in food
products (Natukunda et al. 2016). Ultra-high performance
analyses of tamarind seeds showed the presence of catechin,
procyanidin B2, caffeic acid, ferulic acid, chlorampheni-
col, myricetin, morin, quercetin, apigenin and kaempferol
(Razali et al. 2015).

The objective of the study and the present investigation
were conducted on tamarind seeds to optimize the conditions
for the production of its protein hydrolysates and determine
different physiological activities and amino acid profiling by
high-pressure liquid chromatography.
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Materials and methodology
Sample preparation for protein hydrolysate

Good quality tamarind seeds were procured from the local
market of Pune, Maharashtra, India. Sun-dried seeds were
ground to form a powder and stored in airtight containers
for further use.

Extraction and quantification of protein

Protein extraction was carried out as the method suggested
by Kanbargi et al. (2016) with little modifications. 1.5 g of
powdered sample was mixed with 20 ml of each solvent
(distilled water, 50 mM Tris—HCI buffer pH 7.5, a mixture
of 0.6 M NaCl and 0.1% HCl in 1:3 ratio and combination of
acetic acid and acetone) separately and stirred on a magnetic
stirrer for 2 h each followed by centrifugation at 8000 rpm
for 25 min at 4 °C. The supernatant collected was vacuum
dried for 16 h at 40 °C. Quantification of protein was done by
the Lowry method, taking bovine serum albumin as stand-
ard. The sieve size used for powder separation was 70 mesh.

Optimization of process parameters for preparation
of protein hydrolysate

A central composite RSM design of three variables was used
for the preparation of protein hydrolysate. Independent vari-
ables included enzyme concentration (A), hydrolysis time
(B) and solid—liquid ratio (C). Coded levels of independent
variables are shown in Table 1. The levels of these variables
were selected based on preliminary literature data. Response
variables were the degree of hydrolysis, DPPH activity,
reducing power, and antidiabetic activity.

Enzymatic hydrolysis

A solution of extracted protein from Tris HCI buffer was
taken for enzymatic hydrolysis with enzymes pepsin
(pH 2.5) and trypsin (pH 7.5) separately with each sam-
ple. The optimum temperature for both enzymes is 37 °C.

The concentration of protein in the solution was taken as
0.1 mg/mL, and the experiments were run according to the
experimental design. After completion of the experiment,
a solution was heated in boiling water to stop the action
of enzymes, followed by centrifugation at 7000 RPM for
10 min with subsequent filtration.

Degree of hydrolysis

There are different methods through which the degree of
hydrolysis can be determined, such as pH—stat, osmometry,
soluble nitrogen content and tri-nitrobenzene sulfonic acid
(TNBS) method on the basis of different principles (Nielsen
et al. 2001). This property is considered as an indicator
to screen the proteolysis along with a yield of hydrolysis
(Guerard et al. 2002). Kanbargi et al. (2016) defined the
degree of hydrolysis as the amount of protein soluble in 10%
trichloro-acetic acid (TCA) to the total protein present in the
sample. It can be measured by dissolving 500 uL of protein
hydrolysate in 500 pL of 10% TCA followed by incubation
for 30 min. After centrifugation at 300 rpm for 20 min, quan-
tification of protein was done by the Lowry method of the
supernatant to obtain soluble protein and protein hydrolysate
to get total protein. It is calculated as:

Degree of hydrolysis (% )
_ 100 x Soluble protein content in 10% TCA (mg)
- Total protein (mg) ‘

DPPH activity

DPPH (2,2-diphenyl-1-picrylhydrazyl) activity shows the
hydrogen donating efficiency of the component. In this
assay, stable free radical DPPH reacts with antioxidants
with weak hydrogen bonding resulting in discolouration
of the molecule. It is a measure of compounds, which are
radical scavengers (Moon and Shibamoto 2009). The colour
changes from purple to yellow due to the formation of DPPH
on the absorption of hydrogen radical from an antioxidant.
DPPH shows a strong absorption band at 517 nm due to its
odd electron and solution appears a deep violet colour, the

Table 1 Coded levels for
independent variables used
in developing experimental

data for preparation of protein
hydrolysate with enzyme pepsin
and trypsin

Factor Code Levels
—a(— 1.68) -1 0 1 +a (1.68)

Pepsin concentration (%) A 2.32 3 4 5 5.68
Hydrolysis time (h) B 1.16 1.5 2 2.5 2.84
Solid: Liquid ratio (1.5: x) C 6.59 10 15 20 23.41
Trypsin concentration (%) A 0.16 0.5 1.5 1.84
Hydrolysis time (h) B 0.32 1 2 3 3.68
Solid: Liquid ratio (1.5:x) C 6.59 10 15 20 23.41
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absorption vanishes as the electron pairs off. The resulting
decolorization is stoichiometric with respect to the number
of electrons taken up (Kedare and Singh 2011). DPPH was
taken as control with methanol as blank. The absorbance
was measured at 517 nm in a UV-Visible spectrophotometer
(Kanbargi et al. 2016). It is calculated as:

again kept for incubation for 10 min at 25 °C, followed by
the addition of 1 mL DNSA reagent (dinitro—salicylic acid)
and incubation in boiling water bath for 5 min. The solu-
tion was allowed to cool down to room temperature with the
addition of 10 mL of distilled water (Sathiavelu et al. 2013).
The absorbance was taken at 540 nm, and the percentage of
antidiabetic activity was calculated as:

aamylase inhibition (% ) =

100 x [Absorbance control —(Absorbance sample — Absorbance sample blank)]

Absorbance control

DPPH activity(% )
_ 100 X (Absorbance control — Absorbance sample)

Absorbance control

Reducing power

The reducing power is based on the transformation of Fe**
to Fe**. Ferric Reducing Antioxidant Power assay (FRAP)
is based on reduction of a colorless Fe**-TPTZ complex
into intense blue Fe’*-TPTZ once it interacts with a poten-
tial antioxidant (Spiegel et al. 2020). Based on the electron
transfer mechanism, reducing power was measured by the
method suggested by Alam et al. (2013) taking 250 pL of
sample and adding 250 uL of 0.2 M sodium- phosphate
buffer to it by the addition of 250 pL of 1% potassium fer-
ricyanide. The mixture was heated at 50 °C for 20 min. Then,
250 pL of 10% trichloroacetic acid was added and shaken
gradually. 50 uL of 0.1% FeCl; was added to 250 pL of the
above mixture, after which there was the addition of 200
UL of distilled water. The mixture was incubated for 10 min
at room temperature and centrifuged. The absorbance was
measured at 700 nm by taking ferrous sulphate as the stand-
ard. Here, the increase in absorbance of the reaction mixture
implies an increase in the reducing power of the sample, thus
antioxidant activity.

Antidiabetic activity

a-amylase inhibition assay was performed for estimation of
the antidiabetic activity of the protein sample. The digestive
enzyme (a-amylase) is responsible for hydrolyzing dietary
starch to maltose, which breaks down to glucose, prior to
absorption. Inhibition of the a-amylase should reduce the
unfavourable high postprandial blood glucose peak in dia-
betics. a-amylase inhibition is also a useful target in obesity
(Kumanan et al. 2010). 500 pL of sample was added to 500
pL of 0.02 M sodium phosphate buffer containing 0.5 mg/
mL a-amylase solution (pH 6.9 with 0.006 M NaCl). The
mixture was incubated for 10 min at 25 °C. 500 pL of 1%
starch solution made in 0.02 M sodium phosphate buffer and

Amino acid profiling

High-performance liquid chromatography analysis was per-
formed on a Shimadzu Prominence HPLC system equipped
with LC-20AT quaternary gradient pump, SPD-M20A diode
array detector (DAD), CBM20A communication bus module,
CTO-10AS VP column oven, Rheodyne injector, and Shimadzu
LC solution (ver 1.21 SP1) software. A solution of amino acids
standards from Sigma (AAS-18) solution containing Alanine,
Arginine, Asparagine, Aspartic acid, Glutamic acid, Glycine,
Histidine, Isoleucine, Tryptophan, Phenylalanine, Serine,
Valine, Tyrosine, Lysine, Glutamine, Leucine, Threonine, Cys-
tine and Methionine was prepared for the calibration curve.
Further, the tamarind sample was prepared in Tris—HCI buffer,
followed by enzymatic hydrolysis by trypsin at the optimized
concentration following the same procedure to form a protein
hydrolysate and kept in freezing conditions. The amino acid
composition is determined by the HPLC method using phos-
phate buffer and acetonitrile as eluent with a flow rate of 1 mL/
min using detectors Ex: 350 nm; Em: 450 nm. Injection volume
was kept as 1 pL for standards and 5 pL for the sample, with a
total run time of 50 min.

Statistical analysis

Statistical software package Design Expert ® Version 7.0
(Stat Ease, Inc., Minneapolis, MN, USA) was used for the
analysis of the data. Significant differences between the con-
ditions were evaluated by Duncan’s Test. The cluster analy-
sis of data was performed using SPSS 16.0 software to get a
comprehensive comparative overview of independent vari-
ables. The output obtained was plotted as a dendrogram, and
interpretation of data was made accordingly.

Results and discussion

Protein extraction and optimization of processes
parameters for preparation of protein hydrolysate

Lowry method was used for the quantification of protein
in tamarind seeds after extraction from the mentioned
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solvents. It was concluded that Tris HCI buffer (42.3 mg
protein/g sample) is the most suitable solvent as it resulted
in maximum protein extraction than other solvents. Kanbargi
et al. (2016) depicted similar results. Therefore, enzymatic
hydrolysis was carried out using Tris HCI buffer using both
enzymes, pepsin and trypsin.

The effect of different independent variables on the
responses was studied considering both the enzymes.
Because of the effect of variables, each response varied,
and a different range in values of responses was observed.
A quadratic model was selected for analysis of all responses.
Experimental data fit the response equation with a high
degree of significance (P < 0.05). A high value of the coef-
ficient of determination (R?) of the predicted model for both
designs was observed. However, lack-of-fit was not signif-
icant (P < 0.05) for all responses with each independent
variable value. Thus, the models were considered significant
due to their subjective nature. For maximum desirability, the
pepsin concentration was kept 5% for 2.5 hours of hydrol-
ysis at solid-liquid ratio (1.5:x) of 20 and for trypsin, the
trypsin concentration was kept 1.5% for 3 h of hydrolysis
at solid-liquid ratio (1.5:x) of 20. The other parameters for
analysis of variance are shown in Tables 2 and 3, including
F-value, P-value and regression coefficients.

Degree of hydrolysis

The degree of hydrolysis is defined as the proportion of
cleaved peptide bonds in a protein hydrolysate. The hydroly-
sis of protein in tamarind protein hydrolysate with the use
of pepsin was found to be 38-58% and with trypsin 58-79%

approximately was found for a different set of independ-
ent variables. ANOVA for the quadratic model as fitted to
experimental results (Tables 2 and 3) showed R? values of
0.98 and 0.96 by pepsin and trypsin, respectively. Three of
the parameters are solid: liquid, hydrolysis time and enzyme
concentration, are the most significant variables for varia-
tion in the degree of hydrolysis at the linear level (P <0.05).
Direct positive relation with the gradual increase was
observed for variation of the degree of hydrolysis with two
independent variables. The degree of hydrolysis increased
with an increase in enzyme concentration and hydrolysis
time provided for incubation (Figs. 1 and 2), which in turn,
is in favour of previous studies reviewed, only if, conditions
like pH and temperature are kept according to the type of
enzyme used (Baharuddin et al. 2016). During the prepara-
tion of protein hydrolysate, it was reported earlier that if
given a longer extraction time for peptides from Limonia
acidissima, the degree of hydrolysis increased (Sonawane
and Arya 2017a, b). Jian et al. (2016) reported the augmenta-
tion in the degree of hydrolysis with an increase in enzyme
concentration. On the other hand, a decrease in response
was observed with an increase in solid-liquid ratio, as less
protein will be extracted with an increase in dilution of sol-
vent. Similar results were reported by Lv et al. (2011) while
extracting protein from grape seeds.

DPPH activity
DPPH radical scavenging activity varied from 51 to 70% and

55 to 75% in the case of pepsin and trypsin, respectively. An
increase in DPPH radical scavenging activity was observed

Table 2 Analysis of variance results for different physiological functions of tamarind bioactive peptides by pepsin

Estimated coefficient F value
DF Degree of DPPH activity ~ Reducing Antidiabetic Degree of =~ DPPH Reducing Antidiabetic
hydrolysis (%) (%) power (mM of  activity (%) hydrolysis  activity = power (mM of  activity (%)
FeSO,/g) (%) (%) FeSO,/g)
Model 9 -2,320,168.66 —414,071.04 —280,659.46 38,929.261 68.27 15.39 19.35 27.56
A 1 -639.67 -304.27 -632.79 -967.22 2.29 0.14 0.82 2.84
B 1 —1,548,753.63 —274,428.25 —184,755.28 27,978.77  46.52% 0.40 0.24 0.00
C 1 -11,789.18 —-9722.50 -10,379.54 -1773335 21.61* 4.08 6.19% 5.05
A? 1 -143 0.02 0.55 0.26 24.13%* 0.00 1.33 0.45
B? 1 —258,462.59 —45,452.00 —-30,360.46 5019.38 46.30* 0.39 0.23 0.00
Cc? 1 -4794 33.38 30.81 43.05 20.73%* 2.79 3.16 9.08°*
AB 1 -211.04 —100.80 -211.50 —325.35 222 0.14 0.82 2.87
AC 1 -6.08 -2.85 - 1.68 2.5725  6.66% 0.40 0.18 0.64
BC 1 -3890.70 —-3283.20 —3499.20 -2627.10  21.03* 4.16 6.29% 5.21%
Lacof Fit — - - - - 3.62 4.53 3.19 443
R? - 098 0.93 0.94 0.96 - - - -
Adj R? 0.96 0.87 0.89 0.92 - - - -
CV®%) - 229 3.51 0.65 2.37 - - - -
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Table 3 Analysis of variance results for different physiological functions of tamarind bioactive peptides by trypsin

Estimated coefficient F value
DF Degree of  DPPH activity = Reducing Antidiabetic Degree of =~ DPPH activity = Reducing Antidiabetic
hydrolysis (%) power (mM activity (%) hydrolysis (%) power (mM activity (%)
(%) of FeSO,/g of (%) of FeSO,/g of
sample) sample)
Model 9 13447548 92,376.60 -30,355.66 —7851.22 2748 30.91 40.18 23.38
A 1 -613.15 -64347 —-670.40 - 867.92 1.16 1.70 2.63 2.12
B 1 92,910.45 64,320.08 -17,302.68 - 1407.60 1.48 0.94 0.09 0.00
C 1 -6169.24 -5157.47 -6501.27 -7292.12  13.08* 12.18* 27.49% 16.64*
A? 1 10.06 7.03 3.99 9.10 40.77* 26.54% 12.15% 30.34*
B? 1 16,048.23  11,188.89 —-2353.01 417.77 1.57 1.02 0.06 0.00
C? 1 13.82 12.39 2.36 17.30 0.95 1.02 0.05 1.35
AB 1 -223.65 -22545 —-226.80 —-304.20 1.38 1.87 2.69 2.33
AC 1 -12.07 —-14.59 -15.75 -16.89 3.63 7.06* 11.68* 6.46*
BC 1 —-2058.75 —1715.85 —2154.60 —243270  13.02% 12.05* 26.99* 16.56*
Lack of fit - - - - - 3.25 4.83 391 2.60
R? - 0.96 0.96 0.97 0.95 - - - -
Adj R? - 0.92 0.93 0.94 091 - - - -
CV (%) - 2.25 2.05 0.28 4.04 - - - -

*shows the conditions wherein we observed high physiological activities

with an increase in enzyme concentration and hydrolysis
time, and the increase was significant with P <0.05 and coef-
ficient of regression of 0.93 and 0.96 for pepsin and trypsin
(Tables 2 and 3). In protein hydrolysate, antioxidant activity
is mainly dependent on amino acid composition (Chi et al.
2015). DPPH is a free radical and shows a colour-changing
phenomenon when interacting with hydrogen donating sub-
stance (antioxidant). The degree of hydrolysis has a direct
impact on DPPH radical scavenging activity as more of
the bioactive peptides would be released with the increase
in time and enzyme concentration and hence, the antioxi-
dant activity (Mahmoud et al. 2017). Similar results were
reported by Naqash and Nazeer, (2010), depicting the direct
relationship between enzyme concentration and DPPH activ-
ity. Peptides isolated from trypsin showed more degree of
hydrolysis and hence, antioxidant activity. On the contrary,
solid-liquid ratio augmentation leads to a decrease in pro-
tein extraction leading to a direct influence on DPPH radical
scavenging activity (Figs. 1 and 2).

Reducing power

The values varied from 270 to 291 mM of FeSO,/g of sam-
ple for pepsin and 370-389 mM of FeSO,/g of sample for
trypsin. Lack of fitness was not significant, and hence, both
the models for pepsin and trypsin were significant. Similar
variation in reducing power was observed for both the exper-
imental designs with the independent variables, as shown
in Figs. 1 and 2. A study reported that protein hydrolyzed

from Mustelus mustelus had lower reducing power (Bougatef
et al. 2009). Another study reported that peptide hydrolysate
decreased oxidation by binding with iron or chelating to
form peroxidative iron (Zhu et al. 2006). Reducing power
increased with increased enzyme concentration and hydrol-
ysis time. Hydrolysis time being the significant (P <0.05)
variable affecting reducing power. A significant decrease
was also there due to an increase in the solid-liquid ratio,
similar to the DPPH radical scavenging activity. The greater
reducing power depicts that hydrolysate could donate elec-
trons to free radicals, which prevents the propagation step
(Dey and Dora 2014).

Antidiabetic activity

a-amylase inhibition assay was performed to calculate
in vitro antidiabetic activity of the extracted peptides. Hydro-
lysates are able to inhibit o amylase enzyme to delay the
rate of starch hydrolysis (Ngoh and Gan 2016). a-amylase is
an enzyme that yields monosaccharides (glucose, maltose)
from polysaccharides (glycogen, starch) (Chaudhari et al.
2013). The activity varied from 52 to 74% and 32-51% in
pepsin and trypsin, respectively. Lack of fit was not signifi-
cant, and thus, the model was significant. From the whole
variable under study (Tables 2 and 3), hydrolysis time pro-
vided for incubation is the most significant variable affect-
ing antidiabetic activity at the linear level (P <0.05). The
reduction of glucose levels in the body due to inhibition by
a amylase is an in vitro indicator of controlling diabetes.
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Fig. 1 One plot factors for variation in response with respect to independent variables for preparation of protein hydrolysate with pepsin

More time provided for incubation, longer is the interac-

tion time, more release of the peptides, and the enzyme will

get sufficient time to release shorter peptides influencing o
amylase activity (Ngoh and Gan 2016). With an increase
in the solid-liquid ratio, the activity decreases. In addition,
not much significant variation was noted with the change in
enzyme concentration, as shown in Figs. 1 and 2.
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Numerical optimization

Based on the objective of the study, the numerical optimi-
zation was aimed to obtain a protein hydrolysate with max-
imum degree of hydrolysis, antioxidant and antidiabetic
activities. Independent variables were set for the goal with
values in a range. Results obtained for the optimization
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Table 4 Software generated optimum conditions for preparation of tamarind protein hydrolysate by pepsin
Pepsin Hydrolysis ~ Solid: Liquid Degree of DPPH Reducing power (mM  Antidiabetic =~ Desirability (%)
Conc (%) time (h) ratio (1.5:x) hydrolysis (%) activity of FeSO,/g of sample)  activity (%)
(%)
5 2.5 10 Predicted 70.70 291.10 72.56 0.97
Actual 72.14 293.60 72.09
Difference 1.43 2.50 0.47
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Table 5 Software generated optimum conditions for preparation of tamarind protein hydrolysate by trypsin

Trypsin Hydrolysis  Solid: Liquid Degree of DPPH Reducing power (mM  Antidiabetic ~ Desirability (%)
conc (%) time (h) ratio (1.5:x) hydrolysis (%) activity of FeSO,/g of sample)  activity (%)
(%)
1.5 3 10 Predicted 78.31 74.22 389.01 72.56 0.94
Actual 58.84 72.14 293.6 72.09
Difference 0.321 1.438 2.5 0.47

process are given in Tables 4 and 5. From the optimiza-
tion value, the desirability obtained for the process is 0.97
and 0.94 for pepsin and trypsin, respectively. A difference
was drawn between the predicted and actual values of the
parameters to check the efficiency of the developed condi-
tions and the effectiveness of the experiment.

Cluster analysis

The data obtained from determining different physiological
functions of the bioactive peptides isolated from the prepara-
tion of protein hydrolysate by pepsin and trypsin were sub-
jected to rescaled distance cluster analysis, and the results
are shown in Figs. 3 and 4. It is evident from Fig. 3 that there
was formation of two major clusters based on the hydrolysis
time provided for incubation. The first cluster comprises of
providing time for hydrolysis for protein hydrolysis between
2 and 2.84 h, while the second cluster comprises hydrolysis
time of 1.16—1.5 h. It implies that among all the variables

under study, hydrolysis time significantly affects the prepa-
ration of protein hydrolysate by pepsin. Similarly, in Fig. 4,
two major clusters are formed, as there is not much differ-
ence in enzyme concentration. Therefore, the synergistic
effect of all the variables on the responses was observed.

Amino acid profiling

The maximum bioactivity was found for the tamarind sam-
ple on the action with trypsin enzyme, which was hence,
chosen for determining amino acid composition by HPLC.
The sample run with its retention time, area and height
are presented in Fig. 5 and Table 6. From the Fig. 5 and
Table 6, the composition of amino acids like aspartic acid,
glutamic acid, asparagine, serine, histidine, glutamine,
glycine, threonine, arginine, alanine, tyrosine, cystine,
valine, methionine, phenylalanine, isoleucine, leucine,
lysine from bioactive peptides isolated from tamarind seed
protein was observed where asparagine showed maximum

Dendrogram using Average Linkage (Within Groups)

Cluster C
10 15 20 25
1 1 1 1

A - Pepsin Bz C : Solid -
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& m o @ ©
O
S N I 1
. P R e Y
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H

11 4 116 15

Fig. 3 Cluster analysis of different variables for preparation of tamarind protein hydrolysate by pepsin
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concentration and tryptophan was found to be absent in
tamarind seeds.

Conclusion

Tris HCI buffer was used as the best solvent as it resulted
in the maximum extraction of protein from tamarind seeds.
Optimum conditions for the preparation of protein hydro-
lysate with the use of two enzymes, pepsin and trypsin,
separately were obtained. The degree of hydrolysis was
maximum in trypsin-derived hydrolysate. Cluster analysis

data obtained from tamarind seed protein hydrolysate
concluded that hydrolysis time was the significant vari-
able affecting the responses majorly. It was observed that
augmentation in responses was there with an increase
in enzyme concentration and hydrolysis time, whereas
a decrease was there with an increase in solid: liquid
ratio due to more dilution leading to less interaction with
enzyme and less protein extraction. In addition, amino acid
profiling by HPLC was performed on trypsin-derived sam-
ple. Thus, more studies on tamarind protein hydrolysate
for its extraction and purification can lead to the formation
of functional foods for numerous human benefits.
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Table 6 Quantification of the

. ; . . Peak no Amino acid Retention time Peak area Concentration (mg/mL)
amino acids with the retention (min)
time and peak area values

1 Aspartic acid 7.983 346,095 155.14+0.56
2 Glutamic acid 9.58 19,778 22.89+0.25
3 Asparagine 10.817 10,643,428 15,335.56+0.74
4 Serine 15.16 4,262,163 1314.66 +0.889
5 Histidine 16.953 10,133,387 798.46 +1.56
6 Glutamine 21.344 1,122,468 197.93+0.95
7 Glycine 22.794 14,352,939 192.11+0.89
8 Threonine 23.638 8,576,261 931.26+1.52
9 Arginine 25.837 15,062,652 2073.31+1.66
10 Alanine 29.905 17,009,370 654.63+0.87
11 Tyrosine 32.948 104,561 33.49+0.22
12 Cystine 35.991 8,867,464 2061.35+0.69
13 Valine 37.431 890,487 105.64+1.55
14 Methionine 38.763 18,441,651 647.65+0.88
15 Phenylalanine 40.88 7,826,970 897.38+1.25
16 Isoleucine 41.947 3,442,147 522.79+0.35
17 Leucine 43.394 36,009 14.33+1.98
18 Lysine 43.957 7,281,090 4133.86+0.99
No peak Tryptophan - - -
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