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Abstract: Pigeon pea seeds are considered as potential sources of angiotensin-converting enzyme (ACE) inhibitory peptides. During
tempe fermentation, certain bioactive peptides including ACE inhibitory peptides can be generated due to proteolytic activity produced
by tempe molds. The present study was conducted to investigate the proteolysis during pigeon pea tempe fermentation and determine the
ACE inhibitory activity of peptide fractions from pigeon pea tempe. Commercial starter RAPRIMA® (0.02% w/w) consist of Rhizopus
oligopsorus spores was used to fermented pigeon pea seeds for 0-96 h. Fractionation was completed by using dialysis tube with
molecular weight cut-off of 1, 3.5, and 14 kDa. The longer fermentation time resulted in greater proteolysis in pigeon pea tempe.
Proteolytic activity and peptide content were reached a maximum of 0.044 U/mL and 3.175 mg/100 g, consecutively after 96 h of
fermentation. All of the resultant peptide fractions from pigeon pea tempe (48 h of fermentation) could inhibit ACE activity. Low-
molecular-weight peptide fractions tended to have a higher ACE inhibitory activity than high-molecular-weight peptide fractions.
Among the resultant peptide fractions, Peptide fraction of <1 kDa was found to be the most potent fraction to inhibit ACE activity with
(87.98%) while peptide fractions of >14 kDa had the lowest ACE inhibitory activity (61.20%). In conclusion, peptide extract from
pigeon pea tempe could become a promising source of ACE inhibitory peptides and could be used as a functional food or for other food

applications.
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1. Introduction

Loads of attention are paid to bioactive peptides as an
alternative for the prevention and treatment of certain
chronic diseases including hypertension which has affected
1.13 billion people worldwide in 2015 [1]. Bioactive
peptides could act as an inhibitor for angiotensin-converting
enzyme (ACE), the main enzyme in the blood pressure
regulator system. Thus, it could help to reduce elevated
blood pressure.

The ACE inhibitory peptides are characterized by its low
molecular weight, estimated at <10 kDa [2], [3]. The ability
of the bioactive peptides to inhibit ACE activity is also
related to the composition of its amino acids. Most ACE
inhibitory peptide are consist of hydrophobic (Phe, Leu, Val,
lle, Pro, Ala, Trp) [3], [4], [5] and negatively charged amino
acids [3], [6]. Pigeon pea (Cajanus cajan) seeds contain
protein up to 17-32% (db) [7], [8] and have a relatively high
amount of hydrophobic and negatively charged amino acids
[9], [10], making it potential to generate ACE inhibitory
peptides.

Tempe fermentation could be an effective way to produce
ACE inhibitory peptides. Yet, tempe made from pigeon pea
seeds is still rarely studied so the use of these seeds could be
further explored. During tempe fermentation, proteolysis will
occur due to the proteolytic activity of Rhizopus sp.
Proteolysis will cause the hydrolysis of protein and
polypeptide to produce peptides, as well as ACE inhibitory
peptides. The proteolytic activity tends to change during

tempe fermentation and generally increases with the duration
of fermentation [11], [12].

Commercial tempe starter “Raprima®” is consists of
Rhizopus oligosporus spores which have been reported to
have high proteolytic activity [13], [14]. The high proteolytic
activity allows more peptides to form. However, the
proteolytic activity that occurs continuously during
fermentation can also result in further hydrolysis of peptides
to produces free amino acids so it could alter the capability
of the peptides to inhibit ACE activity [15]. Our previous
study showed that pigeon pea tempe could produce bioactive
peptides that have the ACE inhibitory activity up to 76, 14%
with an ICs, value of 0, 65 mg/mL [16]. However, as far as
we know, the study about proteolysis during pigeon pea
tempe fermentation in an attempt to produce ACE inhibitory
peptides has never been done.

The peptide fractions obtained from the fractionation of
germinated pigeon pea seeds were able to inhibit ACE
activity [3]. The ACE inhibitory activity of the peptide
fractions increased as the molecular weight decreased with a
fraction of <3 kDa had the highest ACE inhibitory activity of
86.97%. As for the high-molecular-weight peptide (>10
kDa), the ACE inhibitory activity was only 3.06%. To date,
there is no study on ACE inhibitory activity from peptide
extract fractions of pigeon pea tempe. Our study was
conducted to investigate the proteolysis during pigeon pea
tempe fermentation and determine the ACE inhibitory
activity of peptide fractions from pigeon pea tempe.

Volume 9 Issue 9, September 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20903093551

DOI: 10.21275/SR20903093551 306



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583

2. Materials and Methods

2.1. Materials

Black pigeon pea seeds (Cajanus cajan) were collected from
a local farmer at Jepitu, Yogyakarta, Indonesia. Raprima®
(Bandung, Indonesia) consisting of Rhizopus oligosporus
spores was obtained from a local market at Sleman,
Yogyakarta, Indonesia. The chemicals used include casein,
tyrosine and tryptone standard, hippuryl-histidyl-leucine
(HHL), and ACE (EC 3.4.1.5.1) were purchased from
Sigma-Aldrich (St. Louis, MO, USA), O-phthaldialdehyde
(OPA) was purchased from Merck (Darmstadt, Germany),
and dialysis tube with molecular weight cutoff of 1, 3.5, and
14 kDa from SPECTRA/POR® (California, USA).

2.2. Preparation of Pigeon Pea Tempe Fermentation

The preparation of pigeon pea tempe was started with
removing the physical contaminants from the seeds followed
by washing and soaking for 24 h. The soaked seeds were
rinsed and boiled for 30 min. The cooled seeds were then
peeled and soaked again for 24 h. The second boiling was
performed for 10 min followed by draining and cooling the
seeds to room temperature. The preparation of pigeon pea
tempe was completed by the inoculation of Raprima® starter
at 0.02% (w/w) [16]. The seeds were wrapped in banana
leaves and allowed it to ferment at room temperature for 0,
12, 24, 36, 48, 72, and 96 h.

2.3. Protease Extraction

Fresh samples from each of the fermentation time were used
to extract the crude protease enzyme. Following the method
of Elegado and Fujio [17] with some modifications, the
extraction of protease was prepared by homogenizing 3 g
sample with 30 mL of phosphate buffer (0.05 M, pH 6) for 3
min followed by incubation in a water bath shaker for 30 min
(60 rpm, 30°C). Afterward, the sample was centrifuged at
10000 rpm, 4°C for 30 min. The supernatant was collected
and termed as a crude protease enzyme solution.

2.4. Peptide Extraction

Samples from each of the fermentation times were first
lyophilized and powdered before use for peptide extraction.
A total of 1 g of dried powdered sample was dissolved in 30
mL of distilled water, homogenized for 3 min and incubated
in a water bath shaker for 60 min (60 rpm, 30°C). After that,
the sample mixture was centrifuged at 14593 rpm for 15 min.
The supernatant containing peptide extract was collected and
saved for further analysis [18].

2.5. Fractionation of Peptide Extract from Pigeon Pea
Tempe

Peptide extract from pigeon pea tempe was fractionated
using a dialysis tube with a molecular weight cutoff
(MWCO) of 1, 3.5, and 14 kDa according to the method by
Pohl [19]. A total of 10 mL peptide extract was put into a
dialysis tube, immersed in distilled water at 1:9 (v/v) then

incubated for £12 h in a cool room with gentle stirring.
Fractionation will result in four peptide fractions with a
molecular weight of <1 kDa, 1-3.5 kDa, 3.5-14 kDa, and
>14 kDa which were then lyophilized and saved for further
analysis.

2.5. Protein and Amino Acid Compostion

The analysis of pigeon pea seeds protein was determined
according to the method by the association of official
analytical chemists (AOAC 2005). The LC-MS/MS (The
Water™ Xevo™ TQD®, Milford, USA) was used for the
determination of amino acids in pigeon pea seeds.

2.6. Proteolytic Activity

The proteolytic activity was measured using casein as a
substrate [20]. The proteolytic activity was monitored at 660
nm, one proteolytic activity unit (Unit) represented the
amount of tyrosine equivalent released from casein per min.
Proteolytic activity was calculated following equation 1:

A x Viot
Proteolytic activity (U/mL)= ———— (1)
- - T = Ve

Where A is umol tyrosine released, V. is the total volume of
all reagents include on the analysis, T is the incubation time,
and V. is the volume of enzyme solution.

2.7. Protein Content

The method from Church et al. [21] was adapted to
determine the peptide content. OPA solution was made by
dissolving 40 mg of OPA in 1 mL of methanol and 100 mL
of B-mercaptoethanol (100 mM). OPA reagent was then
prepared by mixing OPA solution with 25 mL of sodium
tetraborate (100 mM), 2.5 mL of SDS 20% (w/v in distilled
water) and 21.4 mL of distilled water. A total of 30 L of the
sample was mixed evenly with 1 mL of OPA reagent then
incubated in the dark for 2 min. The absorbance was
measured at 340 nm and peptide content was determined
based on a standard linear regression from the tryptone
standard curve.

2.8. Inhibition of ACE Activity

The inhibition of ACE activity was done according to the
modified method of Chusman and Cheng [22]. Substrate
HHL will be hydrolyzed by ACE and produce hippuric acid
which is then used for the determination of ACE inhibitory
activity. Substrate HHL was first dissolved in 50 mM Hepes
buffer (pH 8.3) containing 300 mM NaCl and then 50 mL of
peptide extract (1 mg/mL protein) was added to 50 mL of
HHL and preincubated for 10 min at 37 °C. The enzymatic
reaction was started with the addition of 50 mL of ACE
solution (25 mU/mL) and incubated for 30 min at 37 °C.
Next, a total of 200 pL of HCI (1 M) was added to stop the
enzymatic reaction. A total of 1.5 mL ethyl acetate was used
to extract the hippuric acid released from the enzymatic
reaction. The mixture of sample and ethyl acetate was shaken
for 2 min and then centrifugated for 15 min (6526 rpm, 4°C).
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The upper layer of supernatant was collected, evaporated for
25 min at 100°C then dissolved and homogenized in 3 mL of
distilled water. The absorbance was monitored at 228 nm
and the ACE inhibitory activity was calculated following

equation: 5
ACE inhibitory activity (%)= A_C” 100% (2)
Where A is the absorbance of the sample without inhibitory
peptides, B is the absorbance of the sample in the presence
of ACE and inhibitory peptides and C is the absorbance of

the blank sample.

2.9. Statistical Analysis

The present study used a completely randomized design
using three replications to obtain all the data. One-way
ANOVA and Duncan’s multiple range test analysis with a
95% confidence level were used to analyze all the data by
using SPSS IBM version 22.0 software.

3. Results and Discussion

3.1 Protein Content and Amino acids Composition of
Pigeon Pea Seeds

The protein content of pigeon pea seeds range from 17-25%
(db) [8] and could reach up to 32% [7]. Result in the Table 1
showed that the protein content of pigeon pea seeds in the
present study was 28.09%. The difference in the protein
content is probably affected by the seed varieties, ecological
diversity, different in the harvest and post-harvest handling,
and storage conditions [8]. The higher protein content is
considered more accessible to utilize and to form ACE
inhibitory peptides than other sources with limited protein
content [23]. The presence of certain amino acids such as
hydrophobic or negatively charged amino acids was reported
to have great potential for the formation of ACE inhibitory
peptides. Pigeon pea seeds in the present study contained a
good amount of hydrophobic (Phe, Leu, Ala, Val) and
negatively charged amino acids (Glu, Asp). Hydrophobic
amino acids could bind strongly to the active site of ACE
[4], [24]. Meanwhile, negatively charged amino acids could
make an electrostatic interaction with Zn** as a coenzyme of
ACE [2], [6], [24]. This result indicated that protein of
pigeon pea seeds has the potential to form ACE inhibitory
peptides and fermentation would likely increase the
formation of ACE inhibitory peptides.

3.2 Proteolysis during Pigeon Pea Tempe Fermentation

Rhizopus sp. in known to produced various types of protease
enzymes such as extracellular, intracellular and cell wall-
bound protease including acidic, neutral and alkaline
protease during fermentation of soybean tempe [13], [14].
The proteolysis during tempe fermentation is important and
will greatly affect the formation and generation of ACE
inhibitory peptides because it is related to the hydrolysis of
proteins and polypeptides into peptides [15], [25], [26].

Table 1: Protein content and amino acids composition

Amino acids Content (g/100 g)
Hydrophobic amino acids
Phenylalanine 5.40+0.16
Leucine 4.45 +0.05
Alanine 3.36£0.11
Valine 3.23+0.02
Glycine 3.14+0.32
Isoleucine 2.25+0.04
Proline 2.19+0.02
Methionine 0.40 £0.01
Cysteine 0.13+0.03
Total 24.55
Hydrophilic amino acids
Glutamatic acid (negatively charged) 15,53 £ 0.67
Aspartic acid (negatively charged) 6,19 +£0.03
Arginine 4,05 +0.49
Histidine 2,84 +0.68
Threonine 3,18 +0.15
Tyrosine 0,38+0.01
Lysine 5,93+0.01
Serine 3,01 +0.03
Total 41.11

The proteolysis during pigeon pea tempe fermentation was
described by the changes in proteolytic activity and peptide
content. As shown in Figure 1, the proteolytic activity of
0.0057 U/mL was first detected after 12 h of fermentation
even though it still very low. Similar results have been
reported by Puspitojati et al., [15] and Ruiz-Teran and
Owens [11] during the fermentation of jack bean and
soybean tempe, respectively. At the beginning of
fermentation, mold growth has just begun to enter the initial
phase so that the production of enzymes is estimated still
very low [11]. As the mycelium of mold appeared thicker
and the texture of pigeon pea tempe became compact, the
proteolytic activity also continued to increase significantly
(P<0.05) along with fermentation time. The same pattern of
proteolytic activity was also reported by Ruiz-Teran and
Owens [11] in soybean tempe, Starzynska-Janiszewska et al.
[12] in grass pea tempe fermented by Rhizopus microsporus
var. Chinensis and Aspergillus oryzae, and Puspitojati et al.
[15] in jack bean tempe fermented by commercial starter
“Raprima” containinig Rhizopus oligosporus.
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Figure 1: Proteolytic activity during pigeon pea tempe
fermentation. Different letters are significantly different
(p<0.05)

The proteolytic activity reached a maximum of 0.0444 U/mL

after 96 h of fermentation. However, after 48 h of
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fermentation, the increase in proteolytic activity began to
slow down. It is thought to be related to the mold growth that
has entered the end of the log phase or the early stationary
phase. The ratios of immature and mature molds are
associated with the proteolytic activity produced during
tempe fermentation. Mature molds produced fewer enzymes
than immature molds, so the proteolytic activity tends to be
slower when entering the end of fermentation [27].

An increment in proteolytic activity was positively correlated
with an increase in peptide content. Protease enzymes
produced by Rhizopus sp. are known to be an endopeptidase,
which cleavage peptide bonds from the inside of the
polypeptide chain and released peptides and free amino acids
[13], [14]. Peptide content detected before fermentation (0 h)
was 0.181 mg/100 g and slightly increased insignificantly to
0.186 mg/100 g (P<0.05) as shown in Figure 2. Peptide
content of 2.539 mg/100 g was found at 48 h of fermentation
when pigeon pea tempe reached its compact texture with the
typical smell of tempe.

0 24 48 72 96
Fermentation time (hours)
Figure 2: Changes in peptide content during pigeon pea
tempe fermentation. Different letters are significantly
different (P<0.05)

The increase in peptide content continued until the end of
fermentation with 3.175 mg/100 g. However, similar to the
result of proteolytic activity, the increase of peptide content
began to slow down after 48 h of fermentation. The high
proteolytic activity can cause more protein or polypeptide
hydrolysis to occur and increasing peptide content. The
higher frequencies of protein hydrolysis, the more peptides
are produced. However, hydrolysis can also alter the
composition of amino acid of the peptides, thereby changing
the effectiveness of peptides to inhibit ACE activity.
Therefore, high peptide content does not always guarantee to
have the highest ACE inhibitory [15], [16].

3.3 Inhibition of ACE Activity by Peptide Fractions
from Pigeon Pea Tempe

Tempe is considered ready for consumption after fermented
for 36-48 hours. It is defined by the firm and compact texture
with the typical smell of tempe without an ammonia-like
odor. Our previous study showed that pigeon pea tempe
fermented for 48 h had developed the compact mycelium
texture with a tempe-like odor. Also, pigeon pea tempe (48
h) had the highest ACE inhibitory activity of 76, 14% [16].

Therefore, pigeon pea tempe fermented for 48 h was used in
the present study to further explored through fractionation of
its peptide extract as an inhibitor of ACE activity.
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Figure 3: Distribution of peptide fractions from pigeon pea
tempe fermented for 48 h.

Presentation of peptide

As shown in Figure 3, peptide fraction of <1 kDa dominated
the distribution of peptides in pigeon pea tempe, followed by
peptide fraction of 1-3.5 kDa, peptide fraction of >14 kDa
and the lowest distribution came from peptide fraction of
3.5-14 kDa. The large percentage of peptide fraction with
low-molecular-weight (<1kDa and 1-3.5 kDa) in pigeon pea
tempe is the result of proteolytic activity that degrades
protein during fermentation to produce peptides with lower
molecular weights. The presence of peptide fraction with
high-molecular-weights (>14 kDa) showed that the protein
hydrolysis that occurred during pigeon pea tempe
fermentation did not only produced low-molecular-weight
peptides.

The ACE inhibitory activity of four peptide fractions
resulting from the fractionation of pigeon pea tempe is
shown in Figure 4. Low molecular weight fractions
significantly (p<0.05) have greater ACE inhibitory activity
compared to high molecular weight fractions. The ACE
inhibitory activity increased as the molecular weight of the
peptide fractions decreased. Peptide fraction of <1 kDa had
the highest ACE inhibitory activity of 87.98%, followed by
the fraction of 1-3.5 kDa (80.87%), fraction 3.5-14 kDa
(78.96%) and fraction >14 kDa which had the lowest ACE
inhibitory activity of 61.20%. This result also suggested that
pigeon pea tempe fermented for 48 h were possibly
dominated by low molecular weight peptides less than 14
kDa.
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Similar results have been reported by Tuz and Campos [2] in
peptide fractions from velvet bean hydrolysate and
Ratyanani et al. [3] in peptide fractions from germinated
pigeon pea seeds. Low-molecular-weight peptides are
considered to be easier to bind to the narrow side of the ACE
active site. Meanwhile, high-molecular-weight peptides tend
to have long polypeptide chains, making it difficult to access
the active site of the ACE [6], [24]. The low-molecular-
weight peptides exhibited greater ACE inhibitory activity
than the high-molecular-weight peptides so it is a more
potential candidate to be an antihypertensive agent.

4. Conclusion

Pigeon pea tempe fermented for 48 h were likely to consist
of low-molecular-weight peptides less than >14 kDa. The
fraction of <1 kDa from peptide extract of pigeon pea tempe
had the highest ACE inhibitory activity of 87.98%. These
results suggest that fermentation and fractionation of peptide
extract from pigeon pea tempe can be used as a functional
food or other alimentary applications such as additional
ingredients for hypertension treatment. The study of the fate
of ACE inhibitory peptide from pigeon pea tempe in the
digestive tract is needed to be done.
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