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Abstract

The aim of this work was to compare the antioxidant and angiotensin converting

enzyme (ACE) inhibitory properties of Moringa oleifera seed protein isolate

(ISO) and its enzymatic protein hydrolysates. ISO was subjected to enzymatic

(alcalase, pepsin and trypsin) hydrolysis to obtain alcalase isolate, pepsin isolate

and trypsin isolate hydrolysates (AIH, PIH, TIH). Amino acid composition was

similar for the samples except that TIH had lower Sulphur-containing amino

acids while PIH was lower in tryptophan. All the samples were tested for

antioxidant properties through free radical scavenging abilities such as 2,2

diphenyl-1-picrylhydrazyl (DPPH) and hydroxyl radical scavenging assays as

well as ferric reducing antioxidant power (FRAP) and metal ion chelation assays.

The maximum percentage inhibition obtained for the samples from the different

assays are: DPPH, 36% (PIH); FRAP, 0.04% (PIH); hydroxyl radical scavenging

activity, 42.98% (ISO); and inhibition of metal ion chelation, 29.46% (AIH). AIH

(79.3%) had the highest ACE-inhibitory activity followed by TIH (75.1%) while
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PIH (43.0%) had the least. Generally, the hydrolysis process produced hydrolysates

with improved antioxidant and ACE-inhibitory properties when compared to the

isolate. We conclude that enzymatic hydrolysis with alcalase, pepsin and trypsin

may be used to produce M. oleifera seed protein hydrolysates with potential to

be used as ingredients for the formulation of functional foods and nutraceuticals.

Keywords: Food science, Food analysis

1. Introduction

Moringa oleifera is widely grown in many tropical and subtropical countries. It is

a highly valued plant because almost every part is useful for food or other uses.

The seeds, leaves, flower and pods are used in cooking as spices, while the oil is

valuable for cosmetic and health-related applications [1]. The high nutritional

value and the array of health benefits have prompted a number of research works

on moringa [1, 2]. Some of the reported health benefits of the moringa tree include

antiulcer, antipyretic, anti-inflammatory, antihypertensive, antiepileptic, antidia-

betic, hepatoprotective anti-bacterial, anti-fungal and cholesterol lowering ability

[1, 2, 3]. Universally, many plant species have been used for the traditional treat-

ment of different diseases and other health-related issues [4, 5]. In many cases,

such knowledge is not documented and is only transferred verbally from one gen-

eration to the other. Recently, efforts have been geared toward consumption of

foods with disease prevention abilities in addition to their basic nutritional func-

tion [4]. An added advantage is the ability to produce peptides from readily avail-

able and underutilized plant products with little or no side effects but with

protective abilities against deleterious substances. Food proteins are rich in several

bioactive peptides (BAPs), which are capable of exerting positive physiological

functions beyond their basic roles of providing nutritional benefits [6]. These

BAPs are specific protein fragments, which are inactive within the parent poly-

peptide. Depending on the primary amino acid sequence of the parent protein

and the specificity of the hydrolysing enzyme employed, they can provide a varied

degree of physiological functions such as antihypertensive, antimicrobial, opioid,

immunomodulatory and antioxidant activities [7]. Several studies have investi-

gated the potential antioxidant properties of plant proteins including hydrolysates

and their fractions with positive results [8, 9, 10]. The in-vitro antihypertensive

property of the protein isolates and hydrolysates was assayed through the ACE

inhibition test. The Angiotensin converting enzyme (ACE) is responsible for

the conversion of angiotensin I, an inactive decapeptide to angiotensin II, a

very potent vasoconstrictor that also enhances sodium (fluid) retention. It is

also responsible for inactivating the vasodilator bradykinin [11]. For this dual

role in the maintenance of blood pressure and fluid and electrolyte homeostasis,
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inhibition of ACE has been successfully used for the treatment of hypertension

and congestive heart failure. While many health and health-related benefits of

M. oleifera have been reported such as antioxidant properties of methanol extracts

of the leaves, stem and root barks [12], glucosinolates and phenolics in vegetative

and reproductive tissue [13], or in vitro and in vivo antioxidant properties of

different fractions of the leaves [14], there is little or no information on antioxi-

dant properties of the seed protein isolate and its enzymatic hydrolysates. There-

fore, the aim of this work was to determine the effects of the different proteases on

the antioxidant properties of M. oleifera seed protein hydrolysates.
2. Materials and methods

2.1. Materials

M. oleifera seeds were purchased from Oba market, Akure, Ondo State, Nigeria. Al-

calase, pepsin and trypsin, 1,1-diphenyl-2-picrylhydrazyl (DPPH), reduced gluta-

thione (GSH), and other antioxidant reagents were purchased from Sigma-Aldrich

(St. Louis, MO, USA). Other analytical grade reagents were purchased from Fisher

Scientific (Oakville, ON, Canada).
2.2. Production of protein isolate and hydrolysate M. oleifera

Seed protein isolate (ISO) was obtained using a previously described method [9]

with some modifications. MSM was dispersed in 0.1 M NaOH (1:20, w/v), mixed

for 1 h and centrifuged at room temperature (8000xg for 1 h). The supernatant

was adjusted to pH 5 and left in the refrigerator at 4 �C for 8e12 h. The acidified

mixture was then centrifuged (8000xg, 4 �C, 1 h), the precipitate freeze dried as

the ISO and stored at -20 �C. Moringa protein hydrolysate (MPH) was obtained

by hydrolysis of the ISO, which was conducted using each of the following

enzyme and reaction conditions as previously reported [15]: alcalase (50 �C,
pH 8.0), trypsin (37 �C, pH 8), and pepsin (37 �C, pH 2.0). The ISO was

dispersed in deionized water (4% w/v, protein weight basis) in a beaker, stirred

continuously, heated to the appropriate temperature and adjusted to the appro-

priate pH value as stated above for each enzyme. Each enzyme was added to

the ISO mixture at 4% (substrate protein weight basis) level. Digestion was per-

formed for 3 h (pH maintained constant by addition of 1 M NaOH or 1 M HCl)

after which the enzymes were inactivated by adjusting to pH 5.0 with 1 M HCl or

1 M NaOH, heated at 95 �C in a water bath for 15 min and cooled rapidly in an

ice bath. The undigested proteins were sedimented by centrifugation (8000�g for

1 h min at 4 �C) and the supernatant containing target peptides was freeze dried as

the respective enzyme MPH.
on.2018.e00877

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

https://doi.org/10.1016/j.heliyon.2018.e00877
http://creativecommons.org/licenses/by-nc-nd/4.0/


4 https://doi.org/10.1016/j.heliy

2405-8440/� 2018 The Auth

(http://creativecommons.org/li

Article Nowe00877
2.3. Analyses

2.3.1. Determination of amino acid composition

The amino acid profiles were determined using HPLC system, after samples were

hydrolyzed with 6 M HCl as previously described [16]. The cysteine and methionine

contents were determined after performic acid oxidation [17] while the tryptophan

content was determined after alkaline hydrolysis [18].
2.3.2. Determination of DPPH radical-scavenging activity

The scavenging activity of samples against the DPPH radical was determined using a

previously described method [9] with slight modifications for a 96-well clear flat-

bottom plate. Samples were dissolved in 0.1 M sodium phosphate buffer, pH 7.0

containing 1% (w/v) Triton X-100. DPPH was dissolved in methanol to a final con-

centration of 100 mM. Peptide samples (100 mL) were mixed with 100 mL of the

DPPH solution in the 96-well plate to a final assay concentration of 1 mg/mL and

incubated at room temperature in the dark for 30 min. The absorbance values of

the control (Ac) and samples (As) were measured at 517 nm. The control consisted

of buffer in place of the peptide sample while GSH was used as the positive control.

The percent DPPH radical scavenging activity of the samples was determined using

the following equation:

DPPH Radical Scavenging Activity ð%Þ ¼ Ac�As

Ac

where Ac and As are the absorbance of control and sample respectively.
2.3.3. Determination of ferric reducing antioxidant power
(FRAP)

The ferric reducing antioxidant power of samples was measured according to a pre-

viously described method [19] with some modifications for a microplate reader.

Briefly, the FRAP reagent was freshly prepared by mixing 300 mM acetate buffer

(sodium acetate buffer, pH 3.6), 10 mM 4,6-tripryridyls-triazine (TPTZ) in 40

mM HCl and 20 mM ferric chloride in a ratio 5:1:1 (v/v) before evaluation. Two

hundred mL of FRAP reagent (preheated to 37 �C) was added to 40 mL of sample

or GSH in a 96 well microplate. Absorbance at 593 nm was measured relative to

a reagent blank. Ferrous sulphate (0.0625e1 mM) was used to prepare a standard

curve and the results of the samples were expressed in mM FeSO4.
2.3.4. Determination of chelation of metal ions

The metal chelating activity was measured using a modification of a previous

method [20]. Five hundred mL peptide sample solution or GSH (final assay
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concentration of 1 mg/ml) was combined with 25 mL of 2 mM FeCl2 and 925 mL

double distilled water in a reaction tube. Fifty mL ferrozine solution (5 mM) was

added and mixed thoroughly. The mixture was then allowed to stand at room tem-

perature for 10 min and a 200 mL was pipetted into a clear bottom 96-well plate. A

control was also conducted by replacing the sample with 500 mL of double distilled

water. The absorbance values of control (Ac) and sample (As) at 562 nm were

measured using a spectrophotometer. Percentage chelating effect (%) was calculated

using the following equation:

Metal chelating activity ð%Þ ¼ Ac �As

Ac
� 100

2.3.5. Determination of hydroxyl radical scavenging assay
(HRSA)

The HRSA was modified based on a previously described method [21]. Sample or

GSH and 1, 10-phenanthroline (3 mM) were each separately dissolved in 0.1 M

phosphate buffer (pH 7.4) while FeSO4 (3 mM) and 0.01% hydrogen peroxide

were each separately dissolved in distilled water. An aliquot (50 mL) of sample or

GSH (equivalent to a final assay concentration of 1 mg/ml) or buffer (control)

was first added to a clear, flat bottom 96-well plate followed by additions of 50

mL of 1, 10-phenanthroline and 50 mL of FeSO4. To initiate the Fenton’s reaction

in the wells, 50 mL of a hydrogen peroxide solution was added to the mixture, which

was then covered. Thereafter, the absorbance of the mixtures was measured at 536

nm every 10 min for a period of 1 h at 37 �C with shaking. The hydroxyl radical

scavenging activity was calculated as follows based on changes in absorbance (DA):

HRSA ð%Þ ¼ ðDA=min control�DA=min sampleÞ=ðDA=min controlÞ � 100

2.3.6. Determination of angiotensin converting enzyme (ACE)
inhibition

The ability of MPH and ISO to inhibit in vitro activity of ACE was measured using

the modification of a previously described spectrophotometric method [22] with

FAPGG as the substrate. Briefly, 20 mL sample (dissolved in 50 mM Tris-HCl

buffer containing 0.3 M NaCl, pH 7.5) was mixed with 10 mL ACE (1 U/mL, final

activity of 20 mU). Then 170 mL of 0.5 mM FAPGG (dissolved in same buffer) was

then added. The final concentration of samples was 0.5 mg/mL based on protein

content. The rate of decrease in absorbance at 345 nm was recorded for 30 min

at room temperature. The buffer was used instead of sample solutions for the blank.

ACE activity was expressed as the rate of reaction (DA/min) and inhibitory activity

was calculated as:
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ACE inhibition ð%Þ ¼ 1�
�
DAmin�1ðsampleÞ
DAmin�1ðblankÞ

�
� 100

Where DAmin�1ðsampleÞ and DAmin�1ðblankÞ represent ACE activity in the presence

and absence of the MPH or peptide fractions, respectively.
2.4. Statistical analyses

Sample measurements were performed in triplicate (except amino acid composition)

and the data analyzed with SPSS version 22 while the means were separated for sig-

nificant differences (p < 0.05) using Duncan’s Multiple Range test. The results are

presented as mean.
3. Results and discussion

3.1. Amino acid composition

According to Malomo & Aluko [23], antioxidant properties of peptides are greatly

influenced by the amino acid composition of the peptide. Amino acid composi-

tions of the M. oleifera seed protein isolate and hydrolysates are shown in

Table 1. Overall, the enzymatic hydrolysis process did not have any measurable

effect on the constituent amino acids. Slight changes were observed in the amino

acid composition of the protein hydrolysates when compared to the precursor pro-

tein (ISO). A similar trend was also observed for hemp seed protein isolate and its

protein meal [23]. Generally, the isolate and the hydrolysates showed high con-

tents of glutamic acid þ glutamine (Glx), glycine and arginine. The apparently

low content of cysteine for trypsin hydrolysate (TIH) sample when compared to

others might be due to the specificity of the trypsin for peptide bonds involving

mainly lysine and arginine. The combined summary of the compositions reveals

the presence of more hydrophobic amino acids (HAA) and the negatively charged

amino acids (NCAA) in the samples. Some of these amino acids, especially Tyr,

Met, His and Lys have been shown to play specific roles in improving antioxidant

properties of peptides [24, 25]. Besides, aromatic amino acids with a large side

group such as His (imidazole group) and Trp (indolic group) contribute to the

antioxidant potency of peptides because they act as hydrogen donors [26] Accord-

ing to Sarmadi [27], the interaction of peptides with lipids or entry into target or-

gans can be enhanced by the hydrophobic properties, which helps in promoting

the antioxidant effects of peptides. Furthermore, hydrophobicity of peptides,

which helps to improve their solubility in lipid medium, has been reported to

also improve their antioxidant potentials [28, 29]. The ISO and hydrolysates

also show high contents of essential amino acids, which is an indication of their

high nutritional values.
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Table 1. Amino acid composition of Moringa oleifera seed protein isolate and

hydrolysates.

AA ISO AIH PIH TIH

ASX 6.27 6.87 6.86 7.44

THR 3.35 3.63 3.70 4.10

SER 3.19 3.33 3.32 3.34

GLX 25.70 22.03 24.90 23.02

PRO 5.90 6.05 4.71 5.01

GLY 5.98 6.77 8.43 8.08

ALA 4.41 4.83 4.83 5.04

CYS 3.42 2.93 2.31 1.50

VAL 4.46 5.09 4.52 4.93

MET 1.93 1.85 1.58 1.37

ILE 3.00 3.27 3.05 3.10

LEU 6.33 6.70 5.99 6.22

TYR 2.27 2.44 2.22 2.59

PHE 5.35 5.62 5.60 6.56

HIS 2.95 3.08 3.07 2.98

LYS 1.29 1.46 2.51 2.49

ARG 13.19 13.19 11.95 11.35

TRP 0.99 0.86 0.45 0.91

AAA 8.61 8.92 8.26 10.05

BCAA 13.79 15.07 13.56 14.25

HAA 38.07 39.64 35.26 37.22

PCAA 17.43 17.73 17.53 16.81

NCAA 31.97 28.90 31.76 30.46

SCAA 5.35 4.77 3.90 2.87

EAA 42.85 44.75 42.42 44.00

ISO, protein isolate; AIH, alcalase hydrolysate; PIH, pepsin hydrolysate; TIH, trypsin hydrolysate.
HAA e hydrophobic amino acids e alanine, valine, isoleucine, leucine, tyrosine, phenylalanine, trypto-
phan, proline, methionine and cysteine.
PCAA e positively charged amino acids e histidine, lysine.
NCAA e negatively charged amino acids e ASX(asparagine þ aspartic acid) and GLX (glutamine þ
glutamic acid).
AAA e aromatic amino acids- phenylalanine, tryptophan and tyrosine.
SCAA e sulphur containing amino acids- cysteine and methionine.
BCAA e branched chain amino acids e leucine and isoleucine.
EAA e essential amino acids e threonine, valine, methionine, isoleucine, leucine, phenylalanine, histi-
dine, lysine, arginine and tryptophan.
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3.2. DPPH radical scavenging assay

DPPH radical scavenging assay is commonly used to measure the radical scavenging

ability of a sample. It is a stable free radical with maximum absorbance at 517 nm in

methanol/ethanol. It has a proton-accepting tendency; therefore, when there is a
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compound that has a free proton to donate, such as antioxidants, the DPPH free

radical is scavenged leading to reduction in the measured absorbance [29]. The anti-

oxidant property of such a compound is thus expressed as its ability to scavenge

DPPH radicals. Fig. 1 shows that the radical scavenging ability of the isolate and

its hydrolysates are significantly different (P< 0.05) with the isolate having the least

scavenging activity of all the samples at 2.44% followed by alcalase hydrolysate

(AIH), TIH and pepsin hydrolysate (PIH) at 24.62, 29.62 and 35.99% respectively.

This shows that the different enzymes produced peptides with improved inhibitory

potentials against the DPPH radicals when compared to the precursor protein isolate.

The scavenging ability of the peptide was not a function of the presence of more hy-

drophobic amino acid as earlier reported [30]. A summary of the amino acid compo-

sition of the samples was not very different; therefore, we cannot conclude that the

hydrophobic amino acid had an effect on the observed DPPH scavenging activity.

The improved radical scavenging potentials of the hydrolysates might be due to

the smaller size of the peptides resulting from the hydrolysis and the isolation or con-

centration of more electron-donating substances in the hydrolysates. The AIH, PIH

and TIH samples used in this study, showed better inhibitory potential than kidney

bean [31] and marble vine seed [10] hydrolysates, which lacked DPPH radical scav-

enging activity. The values obtained in this study are however lower than the 48e58

% reported for barley hydrolysate at 0.5 mg/mL [32].
Fig. 1. Percentage (mean � standard deviation, n ¼ 3) of DPPH radical scavenging ability of Moringa

oleifera seed protein isolate (ISO) and hydrolysates (AIH, alcalase hydrolysate; PIH, pepsin hydrolysate;

TIH, trypsin hydrolysate). Bars with different letters have means values that are significantly different (p

< 0.05).
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3.3. Ferric reducing antioxidant power (FRAP)

FRAP values for the isolate and protein hydrolysates are shown in Fig. 2. FRAP

evaluates the electron donating potential of an antioxidant compound such as pep-

tides whereby the Fe3þ/ferricyanide complex is reduced to the ferrous form [33].

The antioxidant potential of a compound is directly related to its reducing ability

[34]. Previous study had also confirmed the direct relationship between antioxidant

properties and the ferric reducing abilities of bioactive compounds [30]. The ferric

reducing power involves an antioxidant probe accepting an electron from the antiox-

idant analyte (e.g. peptides) and converts into the reduced probe which is colored

[35]. Apart from the PIH, there were no significant differences (p < 0.05) among

the samples. The control sample (GSH) even at lower concentration (0.125 mg/

mL) showed better reducing ability (w0.11 mmoL Fe2þ/g) than the hydrolysates

at 1 mg/ml. PIH had the highest FRAP at 0.04 mmol Fe 2þ/g while the isolate,

AIH and TIH had 0.015, 0.013 and 0.01 mmoL Fe2þ/g respectively. The results

show that only pepsin was able to release a high amount of hydrogen or electron

donating amino acid responsible for Fe3þ reduction. All the values are however,

lower than those obtained for flaxseed protein that was hydrolyzed with different en-

zymes [36]. FRAP has also been reported for other protein samples such as African

yam bean [8] and rapeseed protein hydrolysates [9]. However, direct comparisons

cannot be made with the results obtained in this study because previous works did

not quantify the amount of Fe3þ reduced. Different factors such as the enzymes
Fig. 2. Ferric reducing antioxidant power of glutathione (GSH), Moringa oleifera seed protein isolate

(ISO) and hydrolysates (AIH, alcalase hydrolysate; PIH, pepsin hydrolysate; TIH, trypsin hydrolysate).

Bars (mean � standard deviation, n ¼ 3) with different letters have means values that are significantly

different (p < 0.05).
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used for hydrolysis, molecular weight of the peptides and amino acid composition

can be responsible for the ability of protein hydrolysates to reduce ferric iron [9].
3.4. Hydroxyl radical scavenging ability

The hydroxyl radical scavenging ability of the isolate and hydrolysates is shown in

Fig. 3. Prolonged and severe oxidative stress in humans can result in the initiation or

promotion of several chronic disease conditions. The hydroxyl radical reacts with

aromatic amino acids, where it can add on across the double bond leading to the gen-

eration of the hydroxycyclohexadienyl radical [37]. The hydroxyl radical ($OH) is

generated from the conversion of superoxide and hydrogen peroxide as well as

metal-catalyzed processes. This can lead to the oxidation of virtually all organic

cell constituents including the DNA, lipids and proteins [37]. The seed protein

isolate showed better hydroxyl radical scavenging ability (43%) than each of the hy-

drolysates (AIH- 17%, PIH- 21% and TIH 6%). The higher HRSA of the isolate

might be due to synergistic effect of the proteins and other component present in

the un-hydrolyzed sample. The results obtained in this work are similar to those re-

ported for the hemp protein hydrolysate (15.7e23.7%) [21] as well as other samples

reported in literature such as kidney bean protein hydrolysates and its membrane

fractions [31] and African yam bean and its membrane fractions [8]. The hydroxyl

radical scavenging ability of a sample is a result of the combined effect of the
Fig. 3. Percentage (mean� standard deviation, n ¼ 3) of hydroxyl radical scavenging ability ofMoringa

oleifera seed protein isolate (ISO) and hydrolysates (AIH, alcalase hydrolysate; PIH, pepsin hydrolysate;

TIH, trypsin hydrolysate). Bars with different letters have means values that are significantly different (p

< 0.05).
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reducing power, donation of hydrogen atoms and the scavenging of active oxygen

[38]. The results suggest that M. oleifera seed isolate may provide moderate level

of hydroxyl radical scavenging ability thereby helping to offer a defensive shield

against the hydroxyl radical, which has been implicated as one of the major causative

agents in aging and in many other chronic diseases within the body [39].
3.5. Metal chelating activity

Iron has been reported to be involved in many pathogenic processes in a number of

degenerative diseases [31]. The highly reactive hydroxyl radical can be generated

from the redox-active Fe (II) when it comes in contact with hydrogen peroxide

through the Fenton reaction. Production of high level of hydroxyl radicals may

lead to the onset of various oxidant-induced metabolic disorders. This may explain

the critical link between the level of Fe(II) and oxidative stress in humans [31]. The

metal chelating activity of the protein isolate and hydrolysates is shown in Fig. 4.

While AIH and TIH showed metal chelation activities (29.5 and 19.3% respectively),

the isolate and PIH did not have measurable effects. The observed difference among

the hydrolysates might be due to the specificity of alcalase and trypsin enzymes in

liberating particular amino acids with metal ion chelation ability. The results suggest

that AIH and TIH may be able to provide moderate metal ion chelation. The presence

of some side group such as amino and carboxyl of the acidic (Glycine and Asx) and
Fig. 4. Percentage (mean � standard deviation, n ¼ 3) of metal ion chelation of Moringa oleifera seed

protein isolate (ISO) and hydrolysates (AIH, alcalase hydrolysate; PIH, pepsin hydrolysate; TIH, trypsin

hydrolysate). Bars with different letters have means values that are significantly different (p < 0.05).
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basic (Lys, His and Arg) in amino acids have been reported to be involved in

chelating metal ions [40].
3.6. In vitro antihypertensive properties

ACE-inhibitory potentials of the protein isolates and hydrolysates are shown in

Fig. 5. The protein isolate showed no inhibitory potential against ACE activity up

to the maximum 0.5 mg protein/mL concentration used in this study. The results

confirm that enzymatic hydrolysis is responsible for the release of biologically active

peptides with potent ACE-inhibitory properties [7]. Many reports have adduced the

ACE-inhibitory potentials of proteins or peptides to the presence of hydrophobic

amino acids and the size of the peptides (the smaller the stronger the potency)

[10]. The nature as well as the specific location of amino acids in peptide chain

has also been suggested to possibly be an essential factor in the antihypertensive po-

tentials of peptides [31]. Since the ISO was not hydrolyzed, it is not surprising that it

lacked ACE-inhibitory ability because the enzyme hydrolysis process is very crucial

in releasing peptides with bioactive properties. In a previous study [41], there was

also lack of ACE-inhibitory activity for unhydrolysed globulin fraction of amaranth

grain. AIH showed higher potency (79.30%) when compared to the 43.01 and

75.05% for PIH and TIH, respectively. The improved activity of the hydrolysates

might be due to the liberation of peptides with hydrophobic amino acids, which
Fig. 5. Percentage (mean � standard deviation, n ¼ 3) angiotensin converting enzyme inhibition ability

of captopril, Moringa oleifera seed protein isolate (ISO) and hydrolysates (AIH, alcalase hydrolysate;

PIH, pepsin hydrolysate; TIH, trypsin hydrolysate). Bars with different letters have means values that

are significantly different (p < 0.05).
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have been reported to be responsible for enhanced ACE-inhibitory properties of pep-

tides. This is supported by the amino acid composition (Table 1) where AIH with the

best ACE-inhibitory ability also had the highest (39.64%) total hydrophobic amino

acid contents. Though Table 1 revealed ISO possessed comparable hydrophobic

amino acid content with AIH, the fact that the ISO was not hydrolysed might be

responsible for the lack of potency observed against ACE. The ACE-inhibitory prop-

erties observed in this study, especially the AIH are comparable to the 80% reported

for alcalase-hydrolysed kidney bean seed protein [31].
4. Conclusion

Three different enzymes e alcalase, pepsin and trypsin were used for the hydrolysis

of M. oleifera seed protein isolate. The hydrolysates had improved antioxidant and

ACE-inhibitory properties when compared to the isolate (except for the hydroxyl

radical activity where the isolate had better activity). Peptide hydrophobicity may

have contributed to increased ACE-inhibitory properties of the alcalase protein hy-

drolysate. We can conclude that enzymatic protein hydrolysis released peptides that

contributed to the greater antioxidant and ACE-inhibitory properties of hydrolysate

when compared to the unhydrolyzed protein isolate. Further studies that involve pep-

tide purification and in vivo studies are needed to confirm the observed in vitro anti-

oxidant properties and provide indications of potential health benefits.
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