
Background
Short and specific protein fragments with varying bio-
functionalities known as bioactive peptides have been 
a major focus of research in hypertension.1 It has been 
three decades since the focus of research on hypertension 
shifted to the extraction of bioactive peptides from animal 
and plant sources.2,3 The focus has been directed towards 
exploring the renin-angiotensin-aldosterone system 
playing a strategic role in regulating arterial pressure. 
Hypertension is a condition which presents abnormally 
high blood pressure.4 Mittal and Singh5 have reported 
that about 25% of the global (adult) population is afflicted 
with hypertension and it has been estimated that about 
1.6 billion people are likely to be affected in 2025.6 The 
increase in blood pressure level is a risk factor associated 
with cardiovascular diseases.7 Studies have also shown 
that renin catalyzes the conversion of angiotensinogen 
(synthesized in the liver) to an intermediate product – 
angiotensin I. Thereafter, angiotensin converting enzyme 
(ACE) catalyses angiotensin I to angiotensin II.8 It equally 

breaks down and inactivates another vasodilator known 
as bradykinin.8 Inhibition of ACE has been widely studied 
as a potent mechanism in lowering blood pressure in 
both diabetic and nondiabetic patients.2 Taking synthetic 
compounds is not without negative side effects which are 
commonly manifested in the form of cough and sometimes 
oedema. Therefore, developing naturally-derived ACE-
inhibitory compounds which can aid the management of 
hypertension as a veritable alternative to synthetic drugs 
has been an ultimate goal for the researchers.9 Interestingly, 
several bioactive peptides possessing efficient ACE-
inhibitory protein fragments have been isolated and 
purified from many plant and non-plant sources.9-11 Plant 
proteins have been the focus of attention because they have 
been reported to be potent sources of cheap and readily 
available ACE-inhibitory peptides.

Cocoa (Theobroma cacao) is a vital crop of several 
tropical countries. The cacao seeds are obtained from 
the fruits and they constitute about 10% of the cacao 
fruit weight 12. Researchers have documented the anti-
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Abstract
Background: Agrowastes like Theobroma cacao (Cocoa) pod husk can be used to prepare bioactive 
peptides with various bio-functionalities.
Objectives: This study aimed to investigate antioxidant and angiotensin converting enzyme I (ACE) 
inhibitory peptides contained in Theobroma cacao (cocoa) pod husks – an agro-waste.
Methods: Protein isolated from cocoa pod husk was enzymatically digested with alcalase, pepsin, and 
trypsin. ACE inhibition, kinetics of ACE inhibition, and antioxidant properties of the cocoa pod husks 
hydrolysates were evaluated in vitro.
Results: Trypsin and alcalase hydrolysates displayed higher peptide yields (63.1% and 61.2%) than pepsin 
hydrolysate (61.2%). However, no significant difference (P>0.05) was observed in the degree of hydrolysis 
(DH) of the three proteases on cocoa pod husk protein. Methionine, lysine, and cysteine were the amino 
acid residues presented in cocoa pod husk hydrolysates. A concentration-dependent ACE inhibition by 
cocoa pod husk hydrolysates was observed. The highest ACE inhibitions of 84.4%, 81.5%, and 73.5% 
were obtained at 2.0 mg/mL of pepsin, trypsin, and alcalase hydrolysates, respectively, with the minimum 
IC50 value of 0.36 mg/mL obtained for trypsin hydrolysate. An uncompetitive and mixed-type inhibition 
was obtained from double reciprocal plots of alcalase and pepsin as well as trypsin cocoa pod husk 
protein hydrolysates. The Ki values of ACE inhibition for pepsin, trypsin, and alcalase hydrolysates were 
3.05, 2.19, and 3.57 mg/mL, respectively. A concentration-dependent increase in the scavenging of 
2,2-diphenyl-1-picrylhydrazyl and superoxide radicals as well as ferric reducing antioxidant power were 
recorded for the cocoa pod husk hydrolysates.
Conclusion: Trypsin and alcalase cocoa pod husk protein hydrolysates could be an effective source of a 
natural ACE inhibitor and antioxidant.
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atherosclerotic, anticancer, and hypoglycemic properties 
of cocoa and those of its by-products.13-15 These invaluable 
properties may be unconnected with the ubiquitous 
presence of phenols (i.e., majorly flavonoids) and other 
molecules.16,17 Procyanidin monomers (e.g., catechin, 
epicatechin, and dimer to tetradecamer) are commonly 
contained in cocoa since they have reportedly presented 
in vitro and in vivo antioxidant activities.18,19 Cocoa pod 
husk, which constitutes about 52-76% of the fruit, is often 
discarded after removing the cocoa bean seed and becomes 
an environmental problem due to its large waste deposits 
in cocoa farms.20,21 Although cocoa pod husks contain 
potent antioxidant dietary fibre, their deposits often emit 
offensive odours and may also be responsible for causing 
the black pod rot disease of cocoa.22,23 All these problems 
have greatly necessitated developing ways to convert 
these agro wastes into useful nutraceutical products and 
components of functional foods among many other uses. 
This study, therefore, aimed to investigate the antioxidant, 
ACE inhibitory, and kinetics of inhibition of Theobroma 
cacao pod husk protein hydrolysates.

Materials and Methods
Chemicals and Reagents
Angiotensin I-converting Enzyme (from rabbit 
lungs (E.C.3.4.15.1) and N-(3-[2-furyl]acryloyl)-
phenylalanylglycylglycine (FAPGG)) was product of 
Sigma Aldrich (St.Louis, MO, USA). Hydrolytic enzymes, 
Alcalase (i.e., protease from Bacillus licheniformis), pepsin 
(from porcine gastric mucosa) as well as trypsin (from 
bovine pancreas) were purchased from Sigma–Aldrich (St.
Louis, MO, USA). All applied chemicals and reagents were 
analytically graded chemical and used without further 
purification.

Collection of Cocoa Pod Husk 
Fresh ripe cocoa fruits were obtained from a cocoa 
plantation in Ila-Orangun, Osun State, and a sample 
was authenticated at the Herbarium Unit, Department 
of Plant Biology, University of Ilorin. A voucher number 
U.I.H.001/786 was assigned for the sample. Cocoa fruits 
were washed under a running tap to eliminate sand and 
contaminants. Then, the pods were split in order to extract 
its seeds and remove any mucilage therein. Finally, the 
husks were washed and cleaned with running water to 
ensure they were completely free from impurities.

Preparation of Defatted Flour
The cocoa pod husks were chopped into smaller pieces. 
Then the cleaned pod husks were air-dried and milled 
using an electric milling machine to obtain a fine particle 
size. The obtained sample was denoted as the cocoa pod 
husk flour and was stored in an airtight container. Cocoa 
pod husk flour was defatted using n-hexane as a defatting 
solvent for 3 Hrs in ratio 1:5 (flour: solvent) with constant 
stirring. To remove the defatting solvent completely, the 
defatted flour was placed in a fume hood for 12 hours 

and the resulting flour was then stored in a secure airtight 
container at 37°C for further analysis. 
Proximate Analysis of Cocoa Pod Husk 
Proximate composition was estimated using the methods 
described by the Association of Official Analytical 
Chemist.24

Extraction of Cocoa Pod Husk Protein 
The extraction of cocoa pod husk protein was carried out 
using methods explained by Alashi et al25 and Adebowale 
et al 26 with slight modifications. The defatted cocoa pod 
husk flour (50 g) was suspended in 1000 mL of 100 mM 
NaOH (pH 12) and made homogenous by stirring the 
mixture continuously for 60 min at 27°C. The resulting 
mixture was spun at 3000 g (at 18°C ) for 600 seconds. 
Furthermore, two extra extraction processes were carried 
on the residue using the same concentration and volume 
of extracting solvent. The supernatants were then pooled 
together, adjusted to the isoelectric point (pH 4.0) using 
0.1 M HCl solution, and centrifuged at 3000 g for 0.6 hours 
to recover the precipitate. Next, this was washed with 
distilled water and adjusted to pH 7.0 using 100 mM NaOH 
before dialyzing for 24 hours. The dialyzed precipitate was 
lyophilized and preserved at -20°C for further assays. 

Amino Acid Analysis
The protein primary structure (i.e., amino acids) content 
of the cocoa pod husk protein hydrolysates and isolate were 
evaluated using Amino Acid Analyzer LC98I (BIOBASE, 
China). Pepstic, alcalase, and tryptic cocoa pod husk 
protein hydrolysates were freeze-dried and digested for a 
day at 110°C with 6N HCl.27 After hydrolysis, the samples 
were preserved in sodium citrate buffer (pH 2.2) at -4°C 
temporarily or before analysis. During the analysis, 50μl of 
cocoa pod husk protein isolates/hydrolysates was injected 
for analysis. Cysteine and methionine were estimated after 
performic acid oxidation before hydrolysis using 6 N HCl 
and evaluated as cysteic acid and methionine sulphone, 
respectively.27

Enzymatic Hydrolysis of Cocoa Pod Husk Protein
To obtain protein hydrolysates from cocoa pod husk, 
enzymatic hydrolysis was performed using trypsin, pepsin, 
and alcalase. Hydrolysis was carried out using the optimal 
conditions for each enzyme as described by Arise et al.28 
The enzyme was added to the protein solution at a ratio 
of 1 to 100 weight by weight. The optimal conditions were 
maintained, and the mixture continuously stirred for 4 
hours. The resulting mixture was thereafter incubated in a 
water bath at 95°C for 0.25 hours to inactivate the enzymes. 
The pH was thereafter adjusted to 4.0 to precipitate the 
unhydrolyzed proteins and spun at 4000 g for 0.5 hours. 
The resulting supernatant comprising of the hydrolyzed 
proteins was collected and freeze-dried. The peptide 
yield (%) was then calculated. Degree of hydrolysis (DH) 
was evaluated as outlined by Hoyle and Merritt,29 and 
protein content was determined using the Biuret method 
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as described by Lowry et al.30 To compute the DH, the 
following formula was used:

Soluble peptide in 10% TCA (mg) 100
Total protein content of isolate (mg)

DH = ×

Determining ACE Inhibition Activities of Cocoa Pod 
Husk Hydrolysates
Evaluation of ACE inhibition (with FAPGG as the 
substrate) by cocoa pod husk hydrolysate was carried 
out using a standard method reported by Udenigwe 
and Aluko.8 Simply, an aliquot (1 mL) of the substrate 
(0.0005 M, dissolved in 0.05 M Tris–HCl buffer (0.0003 
M NaCl (pH 7.5)) was added to 0.02 mL of 1 U/mL ACE, 
followed by the addition of 200 μL of the sample solution. 
Absorbance values showing a decrease in the peptide bond 
cleavage of the substrate at 345 nm every 10 seconds for 2 
minutes at 37°C were recorded. The control (uninhibited) 
assay did not contain the protein sample.

Evaluation of Kinetics of ACE Inhibition Activities of 
Cocoa Pod Husk Protein Hydrolysate
The kinetics of the inhibition of ACE by cocoa pod 
husk protein hydrolysates were evaluated as reported by 
Udengwe et al.11 The substrate (FAPGG) is reduced to 
N-(3-[2-furyl]acryloyl)-phenylalanine by ACE in the 
presence and absence of differing concentrations of cocoa 
pod husk protein hydrolysates (0.067, 0.13, 0.2, and 0.4 
mM). In order for understanding the type of inhibition 
exhibited by these hydrolysates, the Lineweaver-Burk 
equation was employed to extrapolate kinetic parameters 
(Km and Vmax). Catalytic efficiency (CE) in the presence 
and absence of cocoa pod husk protein hydrolysates was 
determined using the equation below:
CE = Vmax / Km

where Km and Vmax represent Michaelis constant and 
maximum reaction velocity, respectively. The Ki (i.e., 
dissociation constant) was evaluated using the intercept on 
the X-axis of a another plot of the slope of the Lineweaver-
Burk plot against concentrations of cocoa pod husk 
hydrolysates. It is noteworthy that all kinetics experiments 
were repeated twice.

DPPH Radical Scavenging Activity of Cocoa Pod Husk 
Protein Hydrolysates 
The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical 
scavenging activity of cocoa pod husk protein hydrolysates 
was measured using the methods reported by Girgih et 
al.31 Percentage inhibition of DDPH radical was evaluated 
and documented using the formula below:

( )% 100
( )

Absorbance control Absorbance sampleDPPH Inhibition
Absorbance control

−
= ×

IC 50 (concentration of cocoa pod husk protein 
hydrolysates that inhibit ACE by 50%) was determined 
with a non-linear regression from a graph of DPPH 
inhibition plot against hydrolysate concentrations. 

Antioxidant -Ferric Reducing Antioxidant Power
The ferric reducing antioxidant power (FRAP) of cocoa 
pod husk protein hydrolysates were determined using 
methods described by Benzie and Strain.32 Cocoa pod 
husk protein hydrolysates or ascorbic acid was prepared 
in 200 mM phosphate buffer (pH 8.0). Then, 1 mL of 
varying concentrations (0.2–0.8 mg/mL) of cocoa pod 
husk protein hydrolysates was added to 1 mL of 1 % (w/v) 
potassium ferricyanide solution. The procedure described 
was followed while absorbance was read at 700 nm. A 
standard curve of Fe (II) was also prepared. 

Superoxide Scavenging Activity (SOD)
The activity of cocoa pod husk protein hydrolysates to 
scavenge superoxide ions was evaluated according to the 
method described and reported by Girgih et al.31 The 
scavenging activities of cocoa pod husk hydrolysates were 
calculated as the inhibition rate of pyrogallol autooxidation. 
Then 800 μL of (0.5–2.0 mg/mL) cocoa pod husk protein 
hydrolysates were added to 800 μL of 0.05 M Tris–HCl 
buffer (pH 8.3) that had 0.001 M EDTA with absorbance 
taken at 420 nm within 4 minutes interval. However, the 
reaction was started in the dark with addition of 400 mL of 
0.0015 M pyrogallol dissolved in 0.01 M HCl. 

( )% 100
( )

Absorbance control Absorbance sampleSuperoxide scavenging activity
Absorbance control

−
= ×

Statistical Analysis
Experiments were carried out in triplicates. Data were 
expressed as mean ± standard deviation. Data were 
analyzed using variance analysis (ANOVA) and Tukey’s 
multiple range tests with GraphPad Prism version 7.0. 
Significance level was set at P < 0.05. 

Results 
Proximate Composition of Cocoa Pod Husk
The proximate composition of cocoa pod husk was 
determined (Table 1). Cocoa pod husk has low crude 
fat (6.81%) and moisture content (11.4%) as it contains 
12.02% protein. The amino acid profile of cocoa pod 
husk protein isolate and hydrolysates revealed that cocoa 
pod husk protein and its hydrolysates contained three 
important amino acids, namely lysine, methionine, and 
cysteine (Table 2).

Degree of Hydrolysis and Percentage Peptide Yield
As shown in Figure 1, cocoa pod husk protein hydrolysis 

Table 1. Proximate Composition of Cocoa Pod Husk

Proximate Composition of Cocoa Pod Husk

Moisture content 11.4±0.6 % 

Crude fat 6.81±0.2% 

Ash content 13.1±0.6% 

Crude fibre 14.13±0.4% 

Protein content 12.02±0.5% 
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using pepsin, trypsin, and alcalase resulted in 52.9%, 
47.4%, and 43.6% DH, respectively. The peptide yields of 
alcalase, pepsin, and trypsin hydrolysis of cocoa pod husk 
protein isolate were 61.2%, 55.5%, and 63.2%, respectively 
(Table 3). 
ACE Inhibitory Activity of Cocoa Pod Husk Protein 
Hydrolysates (CPH)
 ACE inhibition of cocoa pod husk protein hydrolysates 
is displayed in Figure 2. The result showed a significant 
increase (P < 0.05) in the percentage of ACE inhibition 
by trypsin, pepsin, and alcalase cocoa pod husk 
hydrolysates in a concentration dependent manner. At 
all concentrations, except for 2.0 mg/mL of hydrolysates 
experimented, trypsin cocoa pod husk had a significantly 
increased (P < 0.05) ACE inhibition compared to pepsin 
and alcalase hydrolysates. At 2.0 mg/mL, pepsin, trypsin 
and alcalase exhibited 84.4%, 81.5%, and 73.5% percentage 
ACE inhibition, respectively.

According to the IC50 data (Figure 3), it was deduced 
that the trypsin hydrolysate had the least IC50 value of 0.36 
mg/mL, while pepsin and alcalase had values of 1.44 mg/
mL and 0.92 mg/mL, respectively. The IC50 value of trypsin 
hydrolysate was significantly higher than the values of 
pepsin and alcalase cocoa pod husk protein hydrolysates.

Kinetics of ACE Inhibition by Cocoa Pod Husk Protein 
Hydrolysates
Figures 4, 5 and 6 display the Lineweaver-Burk plots of 

ACE inhibition by varying concentrations of cocoa pod 
husk protein hydrolysates at increasing concentration 
of FAPGG substrate. Table 4 summarizes kinetic indices 
(Km, Vmax, and Ki) of ACE catalyzed reaction in the 
presence and absence of varying concentrations of cocoa 
pod husk protein hydrolysates. 

Antioxidant Activity of Cocoa Pod Husk Protein 
Hydrolysates
The DDPH radical scavenging activities of trypsin, pepsin, 
and alcalase cocoa pod husk protein hydrolysates were 
87.80%, 11.65%, and 17.09%, respectively. The DPPH 
scavenging activity of pepsin cocoa pod husk protein 
hydrolysate was comparable to that of the ascorbate, while 
those of alcalase and trypsin cocoa pod husk protein 
hydrolysates were significantly lower (P < 0.05) than that 
of ascorbate (Figure 7a). The IC50 values of pepsin, trypsin, 
and alcalase cocoa pod husk hydrolysates were significantly 
different (P < 0.05) from that of trypsin cocoa pod husk 
protein hydrolysate having the lowest value (Figure 7b).

Figure 8 shows the ferric reducing antioxidant power 
activity of trypsin, pepsin and alcalase. The reducing power 
of all the hydrolysates was significantly lower (P < 0.05) 
than that of ascorbate. Figure 9 shows the superoxide 
scavenging activity. The superoxide scavenging activities 
of trypsin, pepsin, and alcalase cocoa pod husk protein 
hydrolysates was significantly lower (P < 0.05) than that 
of ascorbate. However, the pepsin cocoa pod husk protein 
hydrolysate had the highest scavenging activity of 46.6%, 
while trypsin and alcalase hydrolysates exhibited 33.30% 
and 26.67% scavenging activities.

Discussion
Proximate Composition, Degree of Hydrolysis, and 
Amino Acid Composition of Cocoa Pod Husk Protein and 
Hydrolysates
The crude protein component of cocoa pod husk found in 
this study was higher than that reported in previous studies 
by Hamzat and Adeola33 and Amir et al34 where the crude 
protein compositions were 5.78% and 6.2%, respectively. 
This may have been due to the differences in the sources 
of cocoa fruits. 

Biologically important (bioactive) peptides are specific 
protein segments that are non-active in their parent 
protein. During the process of digestion, they are broken 
down through enzymatic hydrolysis and thus exert several 

Table 2. Composition of Amino Acids of Cocoa Pod Husk Protein Isolate and 
Hydrolysates (g/100 g sample)

Amino Acids CPHPI PCPHPH TCPHPH ACPHPH

Lysine 5.4 5.4 5.3 5.3

Methionine 1.5 1.4 1.3 1.2

Cysteine 1.4 1.3 1.1 1.0

CPHPI, cocoa pod husk protein isolate; PCPHPH, pepsin cocoa pod husk 
protein hydrolysate; TCPHPH, trypsin cocoa pod husk protein hydrolysate; 
ACPHPH, alcalase cocoa pod husk protein hydrolysate.

Table 3. Percentage Peptide Yield of Cocoa Pod Husk Protein Isolate Following 
Enzymatic Hydrolysis

Hydrolytic Enzyme % Peptide Yield

Pepsin 55.5 % 

Trypsin 63.1% 

Alcalase 61.2% 

Table 4. Summary of Kinetic Indices Obtained for Varying Concentrations of Cocoa Pod Husk Protein Hydrolysates

Kinetic Parameter
Pepsin H (mg/mL) Trypsin H (mg/mL) Alcalase H (mg/mL)

No Inhibitor 0.5 1.0 1.5 0.5 1.0 1.5 0.5 1.0 1.5

Km (mM) 11.4000 0.4400 0.3700 0.1500 0.4063 0.3550 0.2938 0.0538 0.1545 0.1091

Vmax (μmol mg–1 min–1) 0.4352 0.0141 0.0108 0.004 0.0046 0.0067 0.0077 0.2377 0.1049 0.0636

Catalytic Efficiency (μmol mL–1 min–1) 0.0396 0.0320 0.0292 0.0267 0.0113 0.0189 0.0262 0.0700 0.6790 0.5830

Ki (mg/mL) 3.05 2.19 3.57

Km, Michaelis constant in the absence/presence of the hydrolysate; Vmax, maximum velocity in the presence/absence of the hydrolysate; Ki, inhibitor constant; 
Pepsin H, cocoa pod husk pepsin hydrolysate; Trypsin H, cocoa pod husk trypsin hydrolysate; Alcalase H, cocoa pod husk alcalase hydrolysate.
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physiological functions. The hydrolysis of cocoa pod husk 
protein by pepsin, trypsin, and alcalase yielded hydrolysate 
containing lysine, methionine, and cysteine amino acid 
residues, with the lysine being the predominant one. 
This suggested that cocoa pod husk protein isolate and 
hydrolysates contained trace levels of sulphur-containing 
amino acids (methionine and cysteine). Mung bean 
peptides were reported to be deficient in sulphur-
containing amino acid residues, though they had an 
abundance of lysine.35 The abundance of lysine in cocoa 
pod husk protein and its hydrolysates is similar to that 
reported for rapeseed peptide.36 Peptides containing 
these amino acid residues presented in cocoa pod husk 
protein and its hydrolysates have been documented to 
possess significant free radical scavenging and reducing 
power potentials, as well as the potentials to inhibit lipid 
peroxidation.36

Figure 1. Degree of Hydrolysis of Cocoa Pod Husk Protein Isolate. Pepsin H, cocoa pod husk pepsin hydrolysate; Trypsin H, cocoa pod husk 
trypsin hydrolysate; Alcalase H, cocoa pod husk alcalase hydrolysate. Values are mean (n=3) ± SD (bars with dissimilar alphabet letters are 
significantly different at P < 0.05).

Figure 2. Percentage ACE Inhibitory Activity of Cocoa Pod Husk Protein Hydrolysates. Pepsin H, cocoa pod husk pepsin hydrolysate; Trypsin 
H, cocoa pod husk trypsin hydrolysate; Alcalase H, cocoa pod husk alcalase hydrolysate. Values are mean (n=3) ± SD (bars with dissimilar 
alphabet letters are significantly different at P < 0.05). Bars with dissimilar greek letters are significantly different at P < 0.05.

Figure 3. IC50 Values of ACE Inhibition by Cocoa Pod Husk Protein 
Hydrolysates. Pepsin H, cocoa pod husk pepsin hydrolysate; Trypsin 
H, cocoa pod husk trypsin hydrolysate; Alcalase H, cocoa pod 
husk alcalase hydrolysate Each bar depicts the average of triplicate 
determinations of IC50±SD; the bars with dissimilar alphabet letters 
are significantly different at P < 0.05.
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The degrees of hydrolysis of cocoa pod husk protein 
by pepsin, trypsin, and alcalase were slightly higher than 
28.75 %, 30.52 %, and 49.12 % degrees of hydrolysis reported 
for the trypsin, α-chymotrypsin, and peptic hydrolysates of 
rainbow trout muscle as well as that reported for defatted soy 
flour hydrolysates.37,38 DH values have been used to estimate 
the length of biopeptide chains; so that higher DH values 
suggest short peptide length, while lower values may suggest 
a longer length of peptides.39 The lowest DH value obtained 
by alcalase hydrolysis in this study may have suggested that 
alcalase cocoa pod husk hydrolysate had a longer peptide 
length than that of the pepsin and trypsin hydrolysates. The 
high peptide yield of alcalase and trypsin hydrolysates was 

in agreement with the report of Kim and Byun38 where a 
higher peptide yield was obtained using alcalase.
ACE Inhibition
Scores of plant-derived biopeptides have been 
documented to be efficient ACE inhibitors.28,40-42 In this 
study, the ACE inhibitory properties of cocoa pod husk 
protein hydrolysates, as well as the concentration of the 
hydrolysates that could inhibit ACE by 50% described as 
IC50 were determined. The percentages of ACE inhibitory 
activities of the pepsin, trypsin, and alcalase cocoa pod husk 
hydrolysates obtained were higher than those reported 
for thermolysin flaxseed protein hydrolysates11 and that 
of alcalase potato protein hydrolysates (49.3%) reported 

Figure 4. Lineweaver-Burk Plots of ACE Inhibition by Varying Concentration of Pepsin Cocoa Pod Husk Protein Hydrolysates at Varying 
Concentrations of FAPGG. CPHPH, cocoa pod husk protein hydrolysate.

Figure 5. Lineweaver-Burk Plots of ACE Inhibition by Varying Concentration of Trypsin Cocoa Pod Husk Protein Hydrolysates at Varying 
Concentrations of FAPGG. CPHPH, cocoa pod husk protein hydrolysate.
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by Pihlanto.43 The trypsin hydrolysate exhibited greater 
activities than 50% inhibition at all concentrations used 
in this study. The high ACE inhibitory activity of cocoa 
pod husks protein hydrolysates may have been attributed 
to the liberation of peptides containing lysine and sulphur-
containing amino acid residues following hydrolysis. The 
presence of lysine, cysteine, and methionine in peptide has 
been reported to enhance ACE inhibitory activities.44-46 
Cysteine, although a non-essential amino acid, is required 
for the maintenance of protein structure and function.46

The better ACE inhibitory activity of trypsin cocoa pod 
husk protein hydrolysate is also indicated by its low 
IC50 value. The IC50 of trypsin cocoa pod husk protein 
hydrolysate ACE inhibition was higher than the value 
reported by Kim and Byun38 for potato (0.086), sardine 
(0.01 mg/mL), and dried bonito (0.029 mg/mL) reported 
by Udenigwe et al,11 but it was lower than those reported 
for Shrimp (3.37 mg/mL). Li et al47 also documented that 
soy protein hydrolysates produced from alcalase hydrolysis 
resulted in ACE inhibition with IC50 values between 0.126- 
0.34 mg/mL.

Kinetics of Inhibition
To determine the mode of inhibition exhibited by protein 
hydrolysates, studying the kinetic parameters is paramount 
since it facilitates the understanding of the ability of 
peptides to actively inhibit or decrease the activity of 
the enzyme and the amount of inhibitor required during 
catalysis.11,48,49 The Lineweaver–Burk plots for ACE 
inhibition by varying concentrations of trypsin, pepsin, 
and alcalase cocoa pod husk protein hydrolysates. Trypsin 
cocoa pod husk hydrolysate inhibited ACE with a non-
competitive mode of inhibition and pepsin hydrolysates 
showed mixed non-competitive inhibition, while alcalase 

hydrolysates acted as uncompetitive inhibitors towards 
ACE. Hence, it may have been deduced that the peptides 
contained in trypsin cocoa pod husk protein hydrolysate 
had been capable of binding to ACE at its active sites or 
binding to the enzyme-substrate (FAPGG) complex to 
decrease the catalytic rate.50 Contrarily, the uncompetitive 
inhibition type exhibited by alcalase cocoa pod husk 
protein hydrolysates indicated that they bound to the ACE-
FAPGG complex to reduce the catalytic rate. The ACE 
inhibition by trypsin cocoa pod husk protein hydrolysate 
led to a concentration-dependent increase in Vmax; while 
the mixed/uncompetitive inhibitions of the pepsin and 
alcalase hydrolysates caused a decrease in the Vmax in a 
dose-dependent manner. The 11.40 mM Km value for ACE 
activity in the absence of the protein hydrolysates recorded 
in the current research was higher than 6.64 mM reported 
by Arise et al51 and 0.3 mM FAPGG previously reported 
by Hou et al52 and Holmquist et al.53 The concentration-
dependent rise in the Vmax in the presence of cocoa pod 
protein hydrolysates was consistent with the assertion 
made by Berg et al50 that Km was increased in competitive 
inhibition but it decreased in uncompetitive inhibition. 
These hydrolysates may have contained peptides capable 
of binding at some other sites apart from the active site.

Inhibition constant (Ki), a kinetic parameter, describes 
the ability of an inhibitor to tightly bind to an enzyme 
to form an enzyme-inhibitor complex.54 In this study, 
the Ki values obtained for ACE inhibition by pepsin and 
trypsin cocoa pod husk protein hydrolysates were similar 
but lesser than the values (2.55-4.74 mg/mL) reported by 
Girgih et al48 for hemp protein hydrolysates. The Ki values 
were higher than values reported for chicken thigh (0.044 
mg/mL) and chicken bone (0.072 mg/mL) hydrolysates. 
The lower ki value recorded for trypsin cocoa pod husk 

Figure 6. Lineweaver-Burk Plots of ACE Inhibition by varying Concentration of alcalase Cocoa Pod Husk Protein Hydrolysates at Varying 
Concentrations of FAPGG.
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protein hydrolysate indicated a stronger binding affinity 
for ACE compared to that for other hydrolysates and, 
hence, its higher ACE inhibitory activity.

Antioxidant Activities
The antioxidant activities of peptides from cocoa pod husk 
were carried out in this study. The highest DPPH radical 
scavenging activity exhibited by pepsin cocoa pod husk 
protein hydrolysate was in line with the results obtained 
by Sun et al55 where pepsin hydrolysate of porcine 
haemoglobin displayed the highest antioxidant activity 
compared to other hydrolysates obtained from several 
hydrolytic enzymes. This was also consistence with the 
findings from a study by Girgih et al31 where it was shown 
that hydrolysates produced by pepsin exhibited significant 
scavenging activity. Hydrolysates with a high DH enhanced 
the exposure of hydrophobic side chains and, hence, the 
increased DPPH scavenging activity.56 Consequently, 
pepsin cocoa pod husk protein hydrolysate with the 
highest DH exhibited greater scavenging activity. Similar 
results were reported for pigeon pea protein hydrolysates 

in terms of high scavenging activity by hydrolysates with 
a high DH.56

FRAP is widely used to measure the reducing power 
of hydrolysates’ antioxidant activity. The ferric reducing 
antioxidant power involves an antioxidant probe accepting 
an electron from the antioxidant such as a peptide and 
converting it into its reduced form. The ferric reducing 
antioxidant power of cocoa pod husk protein hydrolysates 
indicated their ability to release amino acids capable 
of donating hydrogen/electron for Fe3+ reduction. The 
concentration-dependent increase in the reduction power 
was in line with the result from Kim et al study38 where 
it was reported that the reducing power was increased by 
increasing the amount of protein sample.

Superoxide, an extremely toxic radical generated by 
numerous biological reactions, is also a precursor of 
hydrogen peroxide and hydroxyl radicals which are very 
reactive.57 The highest scavenging activity was displayed by 
pepsin cocoa pod husk hydrolysate. Among the cocoa pod 
husk protein hydrolysates, they were pepsin hydrolysates 
that had the scavenging activity. This was consistent 
with the lowest IC50 value observed for pepsin cocoa pod 
husk hydrolysate. The percentage superoxide scavenging 
activities in this study were lower than the values reported 
for alfalfa leaf peptides documented in studies by Xie et 
al.58 This antioxidant capacity of cocoa pod husk protein 
hydrolysates validated their significance in mopping up 
radicals during blood pressure regulation.

Conclusion
It was concluded that trypsin, pepsin and alcalase cocoa 
pod husk protein hydrolysates contained peptides capable 
of inhibiting the activity of angiotensin-converting 
enzyme. Inhibition kinetic revealed that trypsin cocoa 
pod husk peptides were non-competitive inhibitors of 

Figure 8. Ferric Reducing Antioxidant Power of Cocoa Pod Husk 
Protein Hydrolysates. Pepsin H, cocoa pod husk pepsin hydrolysate; 
Trypsin H, cocoa pod husk trypsin hydrolysate; Alcalase H, cocoa 
pod husk alcalase hydrolysate Each bar depicts the average of 
triplicate determinations of IC50±SD; the bars with dissimilar 
alphabet letters are significantly different at P < 0.05.
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Figure 7. (A) DPPH Radical Scavenging Activity of Cocoa Pod Husk 
Protein Hydrolysates at Different Concentrations (b) Inhibitory 
Concentration (IC50) Values of Cocoa Pod Husk Protein Hydrolysates 
That Inhibit ACE Activity by 50%. Pepsin H, cocoa pod husk 
pepsin hydrolysate; Trypsin H, cocoa pod husk trypsin hydrolysate; 
Alcalase H, cocoa pod husk alcalase hydrolysate Each bar depicts 
the average of triplicate determinations of IC50±SD; the bars with 
dissimilar alphabet letters are significantly different at P < 0.05.
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ACE, while peptic and alcalase cocoa pod husk protein 
hydrolysates were uncompetitive ones. However, trypsin 
hydrolysis of cocoa pod husk might have been a better 
protease in releasing peptides with enhanced ACE 
inhibitory activity. Cocoa pod husk protein hydrolysates 
were found to be good scavengers of free radicals, with the 
pepsin hydrolysate exhibiting better antioxidant capacity.
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