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Abstract

Three different proteolytic enzymes (pepsin, trypsin and papain) were used to
prepare okra seed protein concentrate and okra seed protein isolate hydroly-
sates. The hydrolysates were assayed for antioxidant properties using radical
scavenging, reducing power and metal chelating assays. The highest degree of
hydrolysis (after 360 min) for okra protein isolates was 35.20%, 35.21% and
10.53% for pepsin, papain and trypsin respectively. The highest degree of hy-
drolysis (after 360 min) for okra protein concentrates was 26.8%, 28.59% and
6.47% for pepsin, papain and trypsin respectively. Pepsin hydrolysates
showed higher metal chelating activity and radical scavenging activity than
trypsin and papain hydrolysates. Trypsin hydrolysates showed the lowest an-
tioxidant activities, which may be due to the low degree of hydrolysis. In gen-
eral, for antioxidant activity, there was an increase in activity with an increase
in the degree of hydrolysis. Similar antioxidant activity was found in both the
okra protein isolate and concentrate hydrolysates except for metal chelating
activity which was higher in okra protein isolate hydrolysates. This may be
due to the higher ash concentration in the concentrates (9.4% in concentrates
vs. 2.6% in isolates). In this study, pepsin hydrolysates with a final DH of
35.2% showed higher reducing power and metal chelating activity than tryp-
sin and papain hydrolysates. Okra protein hydrolysates were found to have
varying levels of antioxidant activity, which was dependent on the specificity
of the protease and proportional to the degree of hydrolysis achieved.
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1. Introduction

Antioxidants are compounds that can inhibit, delay, or control the oxidation
process caused by reactive oxygen species (hydroxyls, superoxide anion radicals,
hydrogen peroxide and singlet oxygen) [1]. Oxidation via a free radical mediated
chain reaction can be initiated by heat, light, ionizing radiation, metal ions, me-
tallo-proteins or pro-oxidative enzymes [1] [2]. Oxidation can occur in unsatu-
rated lipids and leads to rancidity and off flavors in foods. Additionally there are
health benefits associated with consumption of antioxidants. Antioxidants have
been associated with controlling oxidative stress. Oxidative stress can lead to
cancer, coronary heart disease, obesity, type 2 diabetes and hypertension [1] [2].

Free radicals are controlled by compounds that can donate or transfer hydro-
gen to the radical or free radical acceptors and are generally phenolic com-
pounds such as vitamin E, beta hydroxyltoluene (BHT), butylated hydroxyani-
sole (BHA) and flavonoids. Controlling prooxidants (iron and copper) is gener-
ally done with chelators by preventing metal redox cycling, occupation of metal
coordination sties and the formation of insoluble metal complexes. Metal chela-
tors added to foods include citric and phosphoric acid and polyphosphates [1].
Additionally, reducing agents can reduce peroxides and other oxidants through
redox reactions and are referred to as oxygen scavengers or secondary antioxi-
dants [1] [2].

Increasing the oxidative stability of foods includes controlling free radicals,
prooxidants and oxidation intermediates. Antioxidants can occur naturally and
be found in plants and animals or be synthesized chemically. Naturally occur-
ring antioxidants (tocopherols, flavonoids, and polyphenols) are found in spices,
herbs, fruits, vegetables, seeds, and oils. Synthetic antioxidants, such as BHT and
BHA have been used in foods but with consumers demanding a “clean label” the
use and identification of natural antioxidants is rising [2].

There have been many articles describing the antioxidant properties of protein
hydrolysates from plant and animal sources [3]-[8]. The antioxidant properties
are dependent on the characteristics of the native protein (amino acid composi-
tion), the purification of the protein to produce concentrates or isolates and de-
gree of hydrolysis (molecular weight of peptides) [6] [7] [8]. Additionally, the
effectiveness of antioxidants is influences by their concentration, the tempera-
ture, the physical state of the system and type of oxidation substrate [2].

The evaluation of the total antioxidant capacity (TAC) can be used to deter-
mine the antioxidant properties of food ingredients, generally in lipid free sys-
tems [1]. Methods to assess the TAC include the DPPH method, which is a rad-
ical scavenging assay. DPPH (2,2-diphenyl-1-picrylhydrazl) is a dark colored
organic compound with an absorption band at about 517 nm. DPPH is known
as a radical scavenger and upon reaction with radicals; the compound becomes
colorless or pale yellow with a decrease in absorption at 517 nm. The absorbance
change is related to antioxidant activity. The potassium ferricyanide reducing
power (PFRAP) method is also called the reducing power method (RP) method
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involves the compound with antioxidant activity to react with potassium ferri-
cyanide to form potassium ferrocyanide which then reacts with ferric trichloride
giving ferric ferrocyanide which has an absorbance at 700 nm which relates to
antioxidant activity. Transition metals can stimulate lipid oxidation and metal
chelators can be used to inhibit this reaction. The metal chelation capacity of a
compound is determined by measuring the chelating activity of antioxidants to
ferrous ion (ferrozine). A loss of absorbance at 562 nm after the addition of an
antioxidant represents the formation of metal-antioxidant complex [1] [2].

The total okra production worldwide is estimated at six million tones per year.
It is mainly grown in India, Nigeria, Sudan, Pakistan, Ghana, Egypt, Benin, Sau-
di Arabia, Mexico and Cameroon with the largest production in India followed
by Nigeria and Sudan [9]. The okra seed meal contains greater than 50% good
quality protein, comparable to protein obtained from soy and cottonseed [10].
The okra seed meal may be a good source for food fortification to enrich foods
that are consumed in the tropic and temperate regions of the world. Our pre-
vious research investigated the use of okra seeds (Abelmoschus esculentus) for
the preparation of defatted okra powder (DOP), okra protein concentrate (OPC)
and okra protein isolate (OPI) [11]. Additional research [12] investigated the
amino acid composition and functional properties (water absorption, fat absorp-
tion, foam capacity and emulsion activity of DOP, OPC and OPI). This research
investigated the antioxidant activity of okra seed protein (OPC and OPI) hydro-
lyzed by either pepsin, trypsin or papain. The protein hydrolysates were tested
for free radical scavenging activity (DPHH assay), reducing power (RP assay)
and metal chelating activity (ferrozine assay) to determine the relationship be-
tween the type of protease and degree of hydrolysis to antioxidant activity. This

is the first report on the antioxidant properties of okra seed protein hydrolysates.

2. Materials and Methods
2.1. Preparation of Protein Hydrolysates

Okra seeds (Abelmoschus esculentus variety) were purchased from a local mar-
ket in Baghdad, Iraq. The enzymes pepsin (4500 U/g), trypsin (9500 U/g) and
papain (8500 U/g) were purchased from Sigma Aldrich, USA. All chemicals used
were of analytical grade.

Okra protein isolate (OPI) and concentrate (OPC) were prepared according to
Kareem and Shaker [11] from defatted okra powder. Briefly, defatted okra
powder was prepared by removal of the seed peel then grinding the seed meal.
The ground meal was defatted with ethanol to produce OPC which contained
72.1% protein, 0.86% fat, 9.94% ash and 12.37% carbohydrate. OPI was prepared
from OPC by precipitation with HCI at pH 4 resulting in a composition of 91.2%
protein, 0.32% fat, 2.67% ash and 3.2% carbohydrate.

Enzymatic hydrolysis of OPI and OPC was conducted as described by Fan et
al [3] and named OPIH and OPCH. Five grams of protein sample was dissolved
in distilled water then brought to 100 mL with Glycine-HCI buffer (0.5 M, pH
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2). Pepsin was added resulting in an enzyme:protein ratio of 1:50 (g/g). The
sample was placed in a shaking incubator at 37°C for 360 min. Aliquots, 10 mL,
were removed at times 0, 15, 30, 60, 90, 120, 180, 240, 300, and 360 min. Aliquots
were heated to 90°C for 5 min to stop the enzymatic reaction. For trypsin hy-
drolysis, 5 g of protein sample was dissolved in distilled water and brought to
100 mL with sodium phosphate buffer (0.05 M, pH 7.5) and trypsin was added
resulting in an enzyme:protein ratio of 1:100 (g/g) and incubated in a shaking
incubator at 45°C for 360 min. Aliquots were removed at the 10 time points and
the reaction stopped as described above for pepsin. For papain hydrolysis, 5 g of
protein sample was dissolved in distilled water and brought to 100 mL with so-
dium phosphate buffer (0.05 M pH 6.0) and papain was added for an en-
zyme:protein ratio of 1:100 (g/g). Aliquots were removed at the 10 time points
and the reaction stopped as described above for pepsin. Each hydrolysis reaction
was replicated and the aliquots at each time point were pooled.

The degree of hydrolysis (DH) of each protein sample at each time point with
each enzyme was determined according to Benjakul and Morrissey [13]. Briefly,
OPCH and OPIH, 0.125 mL (or 10 mg sample) was added to 2 mL sodium
phosphate buffer (0.2125 M, pH 8.2) and 1 mL of 2,4,6-trinitrobenzenesulfonic
acid (TNBS) (0.1% solution in water) were added. Samples were placed in a wa-
ter bath at 50°C for 30 min in the dark. Adding 2.0 mL of 0.1 M sodium sulfite
terminated the reactions. The mixtures were cooled to room temperature for 15
min. The absorbance was measured at 420 nm and alpha-amino acid was ex-
pressed in terms of L-leucine. The DH was determined using the following equa-
tion:

DH% = [(L, - Ly)/(L,.c — Ly)] x 100

L, corresponds to the amount of amino acid liberated at time & L, was the
amount of amino acid in the original samples. L, was the total amount of
amino acid in the original OPC and OPI after acid hydrolysis. Lmax was deter-
mined by mixing 50 mg protein from OPC or OPI with 4.5 mL of 6 N HCI.
Tubes were flushed with nitrogen gas and sealed in a screw-cap tube. The hy-
drolysis was run at 100°C for 24 hrs., then filtered with Whatman paper No. 1
and neutralized with 6 N NaOH before amino acid determination as described
above [13].

2.2. Antioxidant Activity

The radical scavenging activity of OPC and OPI hydrolysates was determined us-
ing the DPPH assay as described by Thiansilakul et al [14]. A sample of 1.5 mL of
hydrolysate (50 mg sample) was mixed with 1.5 mL DPPH (0.15 mM in 95%
ethanol) and held for 30 min at room temperature in the dark. A control was
prepared with 1.5 mL of distilled water and 1.5 mL DPPH. The absorbance at
517 nm was recorded and compared to unhydrolyzed OPC or OPI dissolved in
distilled water. The scavenging activity was calculated using the following equa-

tion where A, is the absorbance at 517 nm of the sample and B;,, is the absor-
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bance at 517 nm of the control.

Radical scavenging activity (%) = [(Bs,, — As;;)/Bs;;] X 100

The reducing power of OPIH and OPCH was conducted according to Wu
et al. [15]. A sample (1 mL or 0.05 mg) was added to 1 mL phosphate buffer
(0.2 M, pH 6.6) and 1 mL 1% potassium ferrocyanide. This was incubated at
50°C for 20 min then 1 mL of a 10% solution of tricloroacetic acid was added
along with 1 mL of distilled water and 0.2 mL of 1% FeCl,. A control sample was
prepared using distilled water in place of the protein hydrolysates. After 10 min
at room temperature, the absorbance at 700 nm was recorded.

The metal chelating activity of OPCH and OPIH was determined according to
Boyer and McCleary [16]. Aliquots, 4.7 mL (240 mg sample) was combined with
0.1 mL of FeCl, (2 mM) and 0.2 mL of 5 mM ferrozine solution. The control
samples were 4.7 mL of distilled water in place of the protein hydrolysates. The
samples were kept at room temperature for 20 min then the absorbance at 562 nm
was recorded. The following equation was used to determine chelating activity
with B, as the absorbance at 562 nm of the control and A., as the absorbance

of the hydrolysate samples at 562 nm.
Chelating activity (%) = [(Bss, — As,)/Bsg,] x 100

All antioxidant activity assays were conducted in triplicate and averaged and
the data was normalized by dividing the activity by the amount of protein in the
OPCH and OPIH samples used.

3. Results and Discussion
3.1. Okra Protein Hydrolysis

Okra seed protein was purified into a concentrate which contained 72.1% pro-
tein and an isolate which contained 91.2% protein. The protein samples were
hydrolyzed with three different proteases, pepsin, trypsin, and papain under op-
timal conditions at times from 0 to 360 min (15 hrs.). Figure 1 shows the results
of the DH for each hydrolysate. For pepsin hydrolysis, (Figure 1(a)) the hydro-
lysis rate increased rapidly in a linearly fashion until 120 min (DH of 29.28%),
then there was a slow increase in DH reaching a maximum of 35.20% at 360 min
for OPI. For OPC, a similar trend was observed with a DH of 19.89% at 120 min
and a maximum of 26.28% at 360 min. For OPI, 83% of the total hydrolysis was
completed at 120 min and for the OPC, 76.5% of the total hydrolysis was com-
pleted by 120 min. For hydrolysis with trypsin (Figure 1(c)), at 120 min the DH
of OPI was 7.68% (73% of the total hydrolysis) and the DH for OPC was 4.85%
(75% of the total hydrolysis). The maximum DH values for OPI and OPC were
10.53% and 6.47% respectively. For hydrolysis with papain (Figure 1(c)), at
180 min the DH of OPI was 32.84% (93% of the total hydrolysis) and the DH for
OPC was 25.86% (90.5% of the total hydrolysis). The maximum DH values for
OPI and OPC were 35.21% and 28.59% respectively. Hydrolysis with pepsin and

papain were similar with DH values for OPI at 35%. The least effective protease
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Figure 1. Degree of hydrolysis of okra protein isolate and concentrate with pepsin, tryp-
sin, and papain. Degree of hydrolysis is a percentage. Black circles are the okra protein
isolates and black squares are the okra protein isolates. Error bars show the standard dev-
iation.

was trypsin. We are unclear why the DH for the OPC was consistently lower

than that of the isolate but we believe it may be due to inhibitory compounds

present in the OPC which were removed during the preparation of the OPI.
Ktari et al [4] investigated the hydrolysis of cuttlefish protein with a variety of
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proteases including trypsin, chymotrypsin and proteases from various Bacillus
species. For each protease, there was rapid hydrolysis up to 200 min, but slowed
to negligible increases in DH after that. One of the least effective protease was
trypsin which reached only a 4% DH. Yet in a study by Fan et al. [3] who hydro-
lyzed tilapia protein with various enzymes including pepsin, trypsin and papain,
the trypsin hydrolysates showed the highest DH values. The DH values in this
study [3] for pepsin, trypsin and papain were 5.3%, 15.1% and 9.5% respectively.
Pena-Ramos and Xiong [5] showed that the DH of soy protein isolate with pa-
pain was almost double that of the pepsin hydrolysate. These studies indicating
that the DH value is related to the specificity of the protease and will vary with
each protein substrate used.

3.2. Antioxidant Activity

The radical scavenging activity (RSA) of okra protein concentrate hydrolysate
(OPCH) and okra protein isolate hydrolysate (OPIH) using the DPPH assay

over hydrolysis time for each protease is shown in Figure 2. On average the RSA
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Figure 2. Radical scavenging activity of protein hydrolysates over time. (a) Hydrolyzed
okra protein concentrate. (b) Hydrolyzed okra protein concentrate. Black bars are papain
hydrolysates, white bars are pepsin hydrolysates and grey bars are trypsin hydrolysates.
Error bars show the standard deviation.
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of hydrolysates prepared using papain and pepsin were the highest in both the
OPCH and OPIH. This may be due to the DH of the hydrolysates, which were
similar in both papain and pepsin and the lowest with trypsin. Although on av-
erage, the DH of the trypsin hydrolysates were about 3.5 times lower than those
of papain and pepsin, the RSA values for trypsin are approximately half of the
values for papain and trypsin initially and 1.5 times lower with longer hydrolysis
times. Therefore, the peptides released during the trypsin hydrolysis have higher
RSA activities than those released with pepsin and papain. In general, there is a
slight increase in RSA activity with an increase in hydrolysis time, which is most
noticeable in the trypsin hydrolysates. On average, considering the data was
normalized for the protein concentration, there are little differences between the
RSA values of the isolate and concentrate hydrolysates even though the concen-
trates had lower DH values. The only exception is the initial RSA values for
trypsin hydrolysates which are lower in the concentrate samples compared to the
isolates. Hydrolysate samples after times 120 - 180 min show RSA activities that
are similar. For each protease, at times greater than 120 - 180 min, there were
negligible increases in DH, therefore as mentioned above, the RSA activity of the
hydrolysates is related to the DH values.

The reducing power (RP) of OPCH and OPIH over hydrolysis time for each
protease is shown in Figure 3. Overall, the RP of the pepsin hydrolysates were
higher than for the papain and trypsin hydrolysates. Trypsin RP values were
similar to the values for papain, which is not expected since the DH for trypsin
was approximately 3.5 times lower than for papain. Again, as stated above for
RSA activity, the peptides released by trypsin have higher RP activities than
those released by papain. In general, there is an increase in RP activity with an
increase in time until 60 min for OPIH and 120 min for OPCH which is ex-
pected since at times after these, there were negligible increases in DH in the
hydrolysates. As stated above for RSA, the RP activity of hydrolysates increases
with DH. The RP values of the OPIH and OPCH are similar at the higher DH
values. The only differences in RP values are at times less than 120 min, where
the RP values for the concentrates are lower, presumably due to the lower DH
values of these samples compared to the isolates.

The metal chelating activity (MCA) of the OPCH and OPIH samples is shown
in Figure 4. In Figure 4(b), for OPCH, the MCA values for trypsin are consis-
tently lower than those for papain and pepsin. This may be due to the lower DH
in the trypsin hydrolysates. Additionally, the MCA values for trypsin are similar
over the time period while the MCA values for papain and pepsin show a slight
increase up to 30 min, which is related to the DH. The MCA values in Figure
4(a) for OPIH show a different trend, the pepsin samples have higher MCA val-
ues compared to the papain and trypsin values, which are similar to each other.
This is not expected considering the results for OPCH and we do not have an
explanation. In general the MCA values for pepsin increase up to 120 min, then

remain steady which is related to the DH. There are slight increases in the MCA
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Figure 3. Reducing power activity of hydrolysates over time (as absorbance at 700 nm).
(a) Hydrolyzed okra protein concentrate. (b) Hydrolyzed okra protein concentrate. Black
bars are papain hydrolysates, white bars are pepsin hydrolysates and grey bars are trypsin
hydrolysates. Error bars show the standard deviation.

values for papain and trypsin, but not as dramatic as seen for pepsin. In general
the MCA values for OPIH are much higher than those for OPCH. This may be
due to the difference in the ash content between the two. The ash in the OPC is
9.4% and 2.6% in the OPI. With a higher amount of minerals in the OPC sam-
ple, the lower MCA values for the OPCH samples are due to the excess minerals.
In general, the carboxyl and amino groups in proteins and the acidic and basic
amino acids groups in amino acids play important roles in metal chelation and
an increase in DH generally results in an increase in MCA activity due to the in-
crease number of carboxyl and amino groups [7].

Jamdar et al [6] reported that peanut protein hydrolysate (using alcalase)
showed that with an increase in DH, there was an increase in RSC, MCA, and
ACE inhibitory activity while RP decreased. Ajibola et al. [7], showed the effect
of peptide size on the antioxidant properties of yam bean seed treated with alca-

lase. There was an increase in RSA and RP with samples containing peptides less
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Figure 4. Metal chelating activity of protein hydrolysates over time. (a) Hydrolyzed okra
protein concentrate. (b) Hydrolyzed okra protein concentrate. Black bars are papain hy-
drolysates, white bars are pepsin hydrolysates and grey bars are trypsin hydrolysates. Er-
ror bars show the standard deviation.

than 3 kDa which is in agreement with results reported by Girgih et al. [8]. This
might explain the trypsin samples that result in more active antioxidant activity
than expected based on the low DH. Trypsin hydrolysis may have resulted in
more peptides less than 3 kDa and free amino acids which have more RSA activ-
ity. But, they [7] did find that MCA was not influenced by the size of the hydro-
lysates in this yam protein system. They showed that small peptide size and high
level of hydrophobicity are important for RP and DPPH activity.

In general, the DH is related to antioxidant properties with higher DH values
resulting in higher antioxidant values. Fan et al [3] hydrolyzed tilapia protein
with pepsin, trypsin and papain and the trypsin hydrolysate showed the highest
DH (15.1%) and antioxidant activity as measured with RSA, superoxide anion
scavenging, hydrogen peroxide scavenging, and the hydroxyl radical scavenging
assays. Hydrolysates obtained with papain (DH of 9.5%) showed higher antioxi-
dant activity than those obtained from pepsin hydrolysis (DH of 5.3%) but both
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were lower than the trypsin hydrolysates. While the study by Fan et al [3]
showed that a high degree of hydrolysis is related to a high DH, this is not always
true. Ktari et al [4] hydrolyzed cuttlefish protein with a variety of enzymes.
Chymosin hydrolysates had higher DH values than those produced by trypsin
(about 2 times higher DH with chymosin) yet the RSA values of trypsin hydro-
lysates were significantly higher than chymosin produced hydrolysates, while the
RP activity of both were similar. Ktari et al [4] stated that peptides generated
during hydrolysis by different proteases have different antioxidant capacities.

Therefore, the antioxidant activity of protein hydrolysates is related to the
protease used which results in a variety of peptides of different molecular
weights and hydrophobicities. Low molecular weight fractions and free amino
acids in protein hydrolysates generally contain more antioxidant activities de-
pending on the assay used to test the the activity. Generally low molecular
weight peptides result in high RCA activity, but not always metal chelating activ-
ity [3] [7]. In this study, pepsin hydrolysates with a final DH of 35.2% showed
higher RP and MCA than trypsin and papain hydrolysates.
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