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ABSTRACT: Tempeh is an Indonesia’s indigenous fermented food that is widely preferred by the
community. Fermented food has functional food as an antihypertensive by angiotensin-converting enzyme
(ACE) inhibitor. This study was aimed to measure protein activity of tempeh as ACE inhibitor. Soybean was
fermented using Rhizopus sp. with various fermentation times of 0, 6, 12, 18, 24, 30, 36, 42 and 48 hours.
Protein extraction was performed at the isoelectric point, the degree of hydrolysis was considered as
trichloroacetic-dissolved nitrogen. The best fermentation time was determined by the degree of hydrolysis
(DH) and protein content. Protein extract was fractionated by using an ultra membrane with 3 kDa cut of.
Proximate analysis was performed by the AOAC method. The measurement of an ACE inhibitor was based
on the formation of hippurate acid-H-Histidyl-L-leucine (HHL). Results of this study revealed that the lipid
content of tempeh was lower than that of soybean while the water content of tempeh was higher than soybean.
The best fermentation time was found at 24 hours. Protein content was 236.31 ppm and DH was 36.03%. The
best fraction that was able to inhibit ACE was a fraction below 3 kDa with an inhibitory capability of 67.43%.
Protein of tempeh contained proline, valine, isoleucine, histidine, teonine, tyrosine, leucine, aspartic acid,
lysine, glycine, arginine, alanine, phenylalanine, glutamic acid, serine and methionine. This study concludes
that tempeh was able to inhibit ACE by in vitro and is potentially continued to in vivo examination, thus

tempeh can be claimed as a functional food.
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1. INTRODUCTION

Tempeh is a traditional Indonesian food which is
made by fermentation, is widely preferred and
proven to provide benefits for the health of the
human body. Opportunity to develop local food such
as tempeh to be recognized internationally is not
impossible since Indonesia has proposed to the 34th
Codex Alimentarius Commission (CAC) meeting in
Geneva on July 9, 2011.

Tempeh has the potential to be developed into
functional foods as antihypertensive if there is
scientific data obtained through in vitro and in vivo
assessment. Tempeh is made by fermentation using
Rhizopus sp. This fungus produces several
antibiotics that are active against Bacillus species,
particularly Bacillus subtillis [1], has anticancer and
antiangiogenesis (the formation of new blood
vessels) properties which are also shown by
genistein  compound of isoflavone derivative
extracted from tempeh [2]. Ansarullah [3] states that
blood pressure of hypertension sufferers decreases
after consumption of soybean drink. Tempeh is
useful in inhibiting the formation of blood vessels of
cancer cells [2], improving bone health [4], as an
anti-bacterial agent [5] and active antioxidant. In
addition, [6] tempeh extract is beneficial in the
management and prevention of dementia and

73

Alzheimer’s disease [7]. Therefore, the functional
effect of soy protein which acts as an ACE inhibitor
can be enhanced by fermentation [8].

Hypertension and cardiovascular disease increase
along with an unhealthy lifestyle and a low facility
for prevention of hypertension [9]. Currently, there
are available various synthetic drugs for the
treatment of hypertension. Although those are
effective, synthetic drugs have many side effects
such as a chronic dry cough that causes acute
respiratory distress even to death [10].

Synthetic  antihypertensive  drugs such as
Captopril® and Lisinopril® inhibit the ACE enzyme,
increase bradykinin and reduce angiotensin Il, but
the long-term using the medicines may cause side
effects. A total of 36% of patients complained about
the side effects of captopril and as many as 45%
complained of amlodipine [11]. Several studies
indicated that hydrolyzed soy protein could lower
blood pressure in vitro basis.

The objective of this study was to determine
fermentation time, the degree of hydrolysis, protein
fractionation and inhibitory activity assessment of
angiotensin-converting enzyme (ACE). The ACE
inhibitor assessment was based on the release of
hippurate acid from hippuryl-L-histidyl-L-leucine
substrate [12], [13].
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2. METHODOLOGY
2.1 Soybean Fermentation

The fermentation period of soybeans was varied
as follows 0, 6, 12, 18, 24, 30, 36, 42 and 48 hours.
A total of 1000 grams soybeans (from the traditional
market) were soaked in the water with ratio of 2:1
for 18 hours, it was further removed from the skin.
Cleaned soybeans were steamed using the corm for
30-40 minutes (until tender) and were then cooled
0.2 grams starter Raprima from PT Aneka
Fermentasi Industri (AFI) Indonesia was inoculated
by mixing the starter with steamed soybean evenly.
Furthermore, it was inserted into the measuring
plastic that has been given small holes. Inoculation
result was incubated at room temperature until
tempeh was formed.

2.2 Disposal of Lipid from Tempeh Flour

The tempeh was crushed using a blender and
soaked in a hexane solution at a ratio of 1: 5
(sample: hexane) for 1 hour at room temperature
while stirring. The supernatant was removed and the
precipitate was repeated with the same process by
adding hexane solution twice with the same ratio for
removing the remaining lipid. The lipid-free flour
was collected and dried to liberate hexane [14] thus
resulting in lipid-free tempeh flour.

2.3 Protein Extraction of Tempeh

Protein  extraction was  performed by
precipitation method at isoelectric point [15]. Lipid-
free tempeh flour was soaked in the water a ratio of
1:10 (w/v), pH 8.5 with the addition of 1N NaOH
solution. The suspension was stirred using a
magnetic stirrer at room temperature for 1 hour and
centrifuged (6000 x g) for 20 minutes at 4°C. The
supernatant was collected and adjusted to pH 4.5
with the addition of 1IN HCI solution. The
suspension was centrifuged at 6000xg for 20 min, a
temperature of 4°C [16]. The resulting hydrolysis
was lyophilized and stored in the freezer with a
temperature of -20°C, thus protein hydrolysates
would be obtained.

2.4 Analysis of Protein and Degree of Hydrolysis

Hydrolysate of tempeh protein was dissolved in
aquadest with a ratio of 1:10 (g/v) while stirring
until dissolved evenly. The mixture was centrifuged
(13000 xg, 15 min, 4°C). A total of 100 pL
supernatant was piped into the test tube and added
with 5 mL of Bradford solution while shaking and
allowed to stand for 15 min. The absorbance was
measured using a spectrophotometer at a wavelength
of A 595 nm [17].
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The degree of hydrolysis was calculated using
the SN-TCA method [18], a total of 2 mg of protein
hydrolysate was added with 2 mL 10% (w/v)
trichloroacetic acid solution. The mixture was
allowed for 30 minutes to obtain the precipitate and
then centrifuged (7.800 g, 4 °C, for 15 minutes).
Protein levels of supernatant and precipitate were
measured by using Kjedhal method.

2.5 ACE inhibitory Examination

Enzyme activity was determined using the Hip-
His-Leu (HHL) synthetic peptide as a substrate
which was based on the developed method [12],[13].
A protein extract solution of 15 ul was added with
125 pl of 100 mM sodium borate buffer solution (pH
8.3) containing 7.6 mM Hip-His-Leu and 608 mM
NaCl and was preincubated for 5 min at a
temperature of 37 °C. The reaction begins with the
addition of 50 uL. ACE enzyme (rabbit lung-derived
angiotensin I-converting enzyme, 500 uM) dissolved
in the aquadest. The mixture was incubated for 30
minutes at temperature of 37 °C. As a blank, it was
used 50 pul aquadest.

The reaction was discontinued the addition of
125 pL IN HCI. Hippurate acid released by ACE
was extracted by adding 750 pL ethyl acetate to the
mixture and was immediately shaken using vortex.
The mixture was centrifuged at a velocity of 13.760
x g for 10 min, a total of 500 pL top layer of the
supernatant was collected and dried at 90 °C for 30
min. Furthermore, hippurate acid was dissolved in 1
mL distilled water and the absorbance was measured
by spectrophotometer at 228 nm wavelength.

% Inhibitory Activity = [(C-A)/(C-B)] x100%
Description:

A= sample absorbance

B= blank absorbance

C= control absorbance (aquadest).

2.6 Amino Acid Analysis

Amino acid composition analysis determined
was the result of fractionation with 3 kDa membrane.
The sample was added with 5 mL 6 N HCI while
stirring with a stirrer, and flowed with nitrogen and
hydrolyzed at temperature of 110 °C for 22 hours.
Hydrolysates obtained was then cooled at room
temperature, and transferred into 5 mL measuring
flask, also added with aquabidest. The solution was
filtered by a filter membrane with a size of 0.45 pum.
A total of 500 pl filtrate was added with 40 pL
AABA (alpha aminobutyric acid) and 460 ul
aquabidest. A total of 10 ul solution was added with
70 ul AccQ-fluor borate and shaken using vortex.
Furthermore, a total of 20 pl fluorine A reagent was
added and shaken using a vortex, and allowed to
stand for 1 minute. Subsequently, the solution was
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incubated for 10 minutes at a temperature of 55 °C
and injected in UPLC (ultra high-performance liquid
chromatography) [19].

3. RESULTS AND DISCUSSION
3.1 Tempeh

There are four steps in the making process of
tempeh, namely soaking, boiling, inoculation of
Rhizopus and incubation at room temperature [20].
The tempeh was made using a starter containing a
mixture of Rhizopus sp. Variety of fermentation
times used were 0 hours as control 6, 12, 18, 24, 30,
36, 42 and 48 hours. The best physical appearance of
tempeh depends on the duration of fermentation
(hour) which is based on observation of physical
shape, odor and the increase of Rhizopus mycelium
on the surface of the soybean. The physical
appearance of tempeh during fermentation is shown
in Fig. 1.

Fig. 1 Physical appearance of tempeh at various
fermentation times (H)

42 H

48 H

The 24 hours fermentation produced tempeh
with better texture and good odor in which Rhizopus
sp. mycelium covered the surface of soybean evenly.
Rhizopus sp. started to grow at the 18th hour and
continued to next hours. The best growth of

Rhizopus sp. was obtained at 24th-hour fermentation.

Rhizopus mycelium of 30 hours fermentation
showed a black color which indicates that tempeh
began to rot. Types of Rhizopus which primarily
found on tempeh starter are Rhizopus oligosporus
dan Rhizopus oryzae [20].

Fermentation of soybean into tempeh that is
widely done by Indonesian people lasts between 18
to 36 hours. After 36 hours, tempeh begins to
decompose which can be seen from discoloration of
tempeh such as blackening color and bad odor. Yet
in this study, 30 hours fermentation had produced
out of odor tempeh, thus we conclude that tempeh
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produced in this study is faster to decompose
compared with tempeh in the other studies. Good
tempeh has a fresh aroma such as the scent of
mycelium and free amino acids. The quality of
tempeh can be known from the growth of mycelium.
If the mycelium grows evenly on the surface of
tempeh, it can be declared as good tempeh.
Otherwise, if the mycelium is accumulated on the
certain points of soybean surface, it is declared as
not good tempeh [21].

3.2 Proximate Analysis Results

Table 1 Results of proximate analysis of tempeh of
24 hours incubation

Parameter Sample
Soybean ~ Tempeh
Water content (%) 11.81 57.42
Ash content (%) 4.95 1.64
Lipid (%) 15.28 9.86
Protein (%) 37.17 21.84
Dissolved Protein (ppm) 75.19 236.31

Based on Table 1, it is known that the lipid content
of fermented soybean (tempeh) was lower than that
of unfermented soybean (control) with a decrease of
64.53%. Similar with [22], lipid content of soybean
was 18.38%. Meanwhile, dissolved protein content
for control and tempeh was 75.19 and 236.31 ppm,
respectively.

3.3 Lipid on Tempeh

Lipid disposal from tempeh in this study was
aimed to obtain a higher protein extract. Wu [15]
states that the samples with lipid disposal have a
high protein content of 72.35% while samples
without lipid disposal have a protein content of
55.88%. Results of this study indicate that
fermentation can reduce lipid content in tempeh.
Furthermore, the lowest lipid content obtained at 24
hours fermentation was 9.04%. We presume this
lipid reduction activity is caused by lipase.

3.4 Degree of Hydrolysis and Protein Content

The degree of hydrolysis (DH) is defined as the
proportion of peptide bonding broken down in
protein hydrolysates. The DH value increased
significantly at 18 hours fermentation and the
highest value was obtained at 24 hours fermentation
in which the mycelium has been seen to grow
covering the surface of tempeh. The result of the
calculation is presented in Table 2. The DH value
increased rapidly over 18 hours fermentation since
the mycelium is already grown.

A high degree of hydrolysis indicates that the
protein is easily hydrolyzed (Table 2). In accordance
with this study, increased DH value and protein
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content are suspected as a result of protease activity
produced by Rhizopus sp. The main function of
Rhizopus in fermentation is the synthesis of enzymes
that hydrolyze compounds in soybean [21].

Table 2 Value of degree of hydrolysis and amount of
protein on tempeh

Fermentation The degree of Protein Level
Time (H) Hydrolysis (%) (9)
0 1.76 0.54
6 4.48 1.17
12 2.94 1.65
18 31.71 0.24
24 36.03 3.13
30 30.93 0.45

The DH value increased significantly on tempeh
of 18 hours fermentation, where mycelium was seen
growing on the surface of soybean (Fig.1). The
bioactive peptide of the food is produced during the
enzymatic hydrolysis process and fermentation or in
the gastrointestinal tract. The resulting peptide has
antihypertensive activity [23]. “Hrckova [24]showed
that the highest degree of hydrolysis was 39.5% with
lipid content had been disposed of the protease of
commercial soy flour”. The high dissolved protein
content in this study was obtained in fermented
soybean (tempeh) for 6 and 24 hours (data not
shown).

3.5 ACE Inhibitor Activity

Bioactive peptide released from dietary protein is
widely used for the management of hypertension
based on the Angiotensin I-Converting Enzyme
(ACE) inhibitory activity, which is an enzyme
regulates the mechanism of regulation of Renin-
Angiotensin System (RAS), which is food peptide
that interacts with RAS and the vascular system and
contributes to a decrease in blood pressure [25].
Peptides with sequences of Leu-Val-Tyr, Leu-GlIn-
Pro and Leu-Lys-Tyr of soy flour indicate
Angiotensin 1-Converting Enzyme (ACE) inhibitory
activity [26]. Peptides with sequences of Met-Asn-
Pro, As-Pro-Pro, Pro-Pro-Lys, Ile-Thr-Thr, Thr-Thr-
Asn, and Thr-Asn-Pr have ACE inhibitory activity
[13]. Angiotensin I-Converting Enzyme (ACE)
catalyzes the conversion of angiotensin | to
angiotensin 1l, which is a vasoconstrictor and also
inactivates the antihypertensive of bradykinin as a
vasodilator. Peptides derived from food proteins
may have ACE inhibitory activity [27].

Some fermented foods have an ACE inhibitory
activity such as brown rice [28], tofuyo extract [29],
traditional Japanese food like steamed soybeans
fermented by Bacillus (natto) [30]. By in vivo, Natto
is antihypertensive [31], also pigeon pea fermented
using Bacillus subtilis [32], a pasta made from
Korean soybeans is proven to act as an

76

antinypertensive food [33] so that the above
products can be claimed as a functional food.

In order to make tempeh as a functional food, it
must be obtained in vitro and in vivo data from
research findings. For in vitro, it was obtained a
value of 67.43%, which is the result of measurement
of ACE inhibitory activity of protein extract of
tempeh. This value was obtained from the fraction
below 3 KDa.

3. 6 Amino Acid Composition of Protein
Hydrolysates using 3 Kda Membrane

The amino acid analysis was performed to
determine the type and level of amino acid found in
soybean hydrolysate. Results of the amino acid
analysis using UPLC are presented in Table 3. The
result showed that tempeh contains both essential
and non-essential amino acids. Predominant amino
acids are glutamic acid, lysine, leucine, alanine,
valine and phenylalanine, while predominant
essential amino acids are Thr, Leu, Lys, Val, Met
and Phe.

Table 3. The amino acid content of tempeh
hydrolysate using 3 KDa membrane

No Type of Amino Amino Acid
Acid Content (ppm)

1 L-Histidine 1106.79

2 L-Threonine 1442.295

3 L-Proline 1636.755

4 L-Tyrosine 2907.28

5 L-Leucine 4774.595

6 L- Aspartic acid 895.45

7 L-Lysine HCI 3688.065

8 Glycine 1516.235

9 L-Arginine 2276.61

10 L-Alanine 3257.36

11 L-Valine 2235.715
12 L-Isoleusine 2053.84

13 L-Phenylalanine 3905.97

14 L- Glutamic acid 6936.845
15 L-Serine 1005.745
16 L-Methionine 614.43

17 L- Cysteine -
18 L-Tryptopane -

“Kitts [34] revealed that bioactive peptides generally
have low molecular weight consisting 2-9 amino
acid residues and are resistant to digestive enzymes
have hydrophobic amino acid residues from the type
of proline, lysine or arginine”. In this study, it was
obtained hydrophobic amino acids such as alanine,
valine, isoleucine, proline, phenylalanine, and
methionine, thus authors presume that the functional
properties of tempeh as ACE inhibitors are obtained
from the above amino acids.
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4. CONCLUSIONS

Fermentation for 24 hours produced tempeh

with the best texture, low lipid and high protein

content.

Protein extract showed a high ACE

inhibitory capacity with a total of 16 essential and
non-essential amino acid compositions. So tempe
has the potential to be developed as a functional

food.

5. ACKNOWLEDGMENT

Authors thank the Rector

of UIN Syarif

Hidayatullah Jakarta for research funding through
Puslitpen LP2M 2017

6. REFERENCES

[1]

[2]

(3]

[4]

(5]

(6]

[7]

Kobayasi S. Y., Okazaki N., and Koseki T.,
Purification and characterization of an
antibiotic substance produced from Rhizopus
oligosporus IFO 8631, Biosci. Biotechnol.
Biochem, Vol. 56, Issue. 1, 1992, pp. 94-98.
Kiriakidis S., O. Hogemeier, S., Starcke F.,
Dombrowski J. C. Hahne, M. Pepper, H. C. Jha,
and N. Wernert, Novel tempeh (fermented
soybean) isoflavones inhibit in  vivo
angiogenesis in the chicken chorioallantoic
membrane assay, British Journal of Nutrition.
Vol. 93, Issue 3, 2005, pp. 317-323.
Ansarullah A., Marliyati, S. A., and Astawan.,
Efek intervensi minuman tempe terhadap
tekanan darah penderita hipertensi dan
hiperkolesterolemia. Jurnal Gizi dan Pangan,
Jurnal Gizi dan Pangan, Vol. 12, Issue 2, 2017,
pp. 101-108,

Kusumorini, N., Manalu, W., and Maheshwari,
H., Supplementation of tempeh extract for
improving quality of bone in premenopausal
conditions using rats as animal models, in
Proceedings of The Annual International
Conference, Syiah Kuala University-Life
Sciences & Engineering Chapter, 2013, Vol. 3,
Issue 1.

Kuligowski, M., Jasinska-Kuligowska, 1., and
Nowak, J. Evaluation of bean and soy tempeh
influence on intestinal bacteria and estimation
of antibacterial properties of bean tempeh
Polish journal of microbiology, 62 issue 2,
2013, pp.189-194

Hoppe, M. B., Jha, H. C., and Egge, H.,
Structure of an antioxidant from fermented
soybeans (tempeh)., Journal of the American
Oil Chemists' Society., 74, issue 4,1997, pp.
477-479.

Hamad, A., Mani, V., Ramasamy, K., Lim, S.
M., and Majeed, A. B. A, Memory
enhancement in rats by soybean and tempeh

77

(8]

(9]

extracts is  associated with  improved
cholinergic and reduced neuroinflammatory
activities, Sains Malaysiana, Vol. 45, Issue 9,
2016. pp. 1299-1310.

Gibbs, B. F., Zougman, A., Masse, R., and
Mulligan, C. Production and characterization
of bioactive peptides from soy hydrolysate and
soy-fermented food, Food research
international, Vol. 37, Issue 2, 2004, pp. 123-
131.

Depertemen Kesehatan Republik  Indonesia.
Pharma Cheutical Care untuk Penyakit
Hipertensi. 2016.

httphttps://pafisumut.or.id/wp-content/uploads.

[10] Cheung, L. K., Aluko, R. E., Cliff, M. A,, and

Li-Chan, E. C., Effects of exopeptidase
treatment on antihypertensive activity and taste
attributes of enzymatic whey protein
hydrolysates, Journal of Functional Foods, Vol.
13, 2015. pp. 262-275.

[11] Kristanti P.. Effectiveness and Side Effects of

[12]

[13] Arihara,

[14]

[15]

[16]

Antihypertensive ~ Medication  Usage in
Hypertension Patients at Puskesmas
Kalirungkut ~ Surabaya.  Journal  llmiah
Mahasiswa Universitas Surabaya. Vol. 4 Issue
2. pp. 1-13.

Cushman, D. W., and Cheung, H. S.

Spectrophotometric assay and properties of the
angiotensin-converting enzyme of rabbit lung.
Biochemical pharmacology, Vol. 20 Issue 7,
1971. pp 1637-1648.

K., Nakashima, Y., Mukai, T.,
Ishikawa, S., and Itoh, M., Peptide inhibitors
for angiotensin I-converting enzyme from
enzymatic hydrolysates of porcine skeletal
muscle proteins. Meat Science, Vol. 57, Issue
3,2001, pp. 319-324.

Liu, C., Wang, H., Cui, Z., He X., Wang X.,
Zeng X., and Ma H., Optimization of
extraction and isolation for 11S and 7S
globulins of soybean seed storage protein.
Food Chemistry, Vol. 102, Issue 4, 2007, pp.
1310-1316.

Wu, H.,, Wang, Q., Ma, T., and Ren, J.,
Comparative  studies on the functional
properties of various protein concentrate
preparations of peanut protein. Food Research
International, Vol. 42(3), 2009, pp. 343-348.
Chove, B. E., Grandison, A. S., and Lewis, M.
J., Emulsifying properties of soy protein isolate
fractions obtained by isoelectric precipitation.
Journal of the Science of Food and Agriculture,
Vol. 81, Issue. 8, 2001. pp. 759-763.

[17] Bradford, Marion M., A rapid and sensitive

[18]

method for the quantitation of microgram
quantities of protein utilizing the principle of
protein-dye binding. Analytical biochemistry,
Vol. 72, 1976, pp. 248-254.

Hoyle N. T., and Merritt, J. O. H. N., Quality



International Journal of GEOMATE, April 2019, Vol.16, Issue 56, pp. 73 - 78

of fish protein hydrolysates from herring
(Clupea harengus). Journal of Food Science,
Vol. 59, Issue. 1, 1994. pp. 76-79.

[19] Boogers I., Plugge W., Stokkermans Y. Q., and
Duchateau A. L., Ultra-performance liquid
chromatographic analysis of amino acids in
protein hydrolysates using an automated pre-
column derivatization method. Journal of
Chromatography A, Vol. 1189, Issue. 1-2,
2008, pp. 406-409.

[20] Astawan, M., Wresdiyati, T., Widowati, S.,
Bintari, S. H., and Ichsani, N., Phsyco-
chemical Characteristics and Functional

Properties of Tempe Made from Different
Soybeans Varieties. Journal Pangan, Vol. 22,
Issue. 3, 2013, pp. 241-252.

Hachmeister, K. A., and Fung, D. Y., Tempeh:
A mold-modified indigenous fermented food
made from soybeans and/or cereal grains.

[21]

Critical reviews in microbiology, Vol. 19, Issue.

3, 1993, pp. 137-188.

[22] Banaszkiewicz T, For Chapter in a Book,
Soybean And Nutrition, H. EI-Shemy, Ed.
2011, pp. 1-20.

[23] Hernandez-Ledesma, B., del Mar Contreras, M.,
and Recio, I., Antihypertensive peptides:
Production, bioavailability and incorporation
into foods. Advances in colloid and interface
science. Vol. 165, Issue 1, 2011, pp. 23-35.

[24] Hrckova, M., Rusnakova, M., and Zemanovic,
J. Enzymatic hydrolysis of defatted soy flour
by three different proteases and their effect on
the functional properties of resulting protein
hydrolysates. Czech journal of food sciences,
Vol. 20, Issue 1, 2002, pp. 1467-1471.

[25] Udenigwe, C. C., and Mohan A., Mechanisms
of food protein-derived antihypertensive
peptides other than ACE inhibition. Journal of
Functional Foods, Vol. 8, 2014, pp. 45-52.

[26]Nakano, D., Ogura, K., Miyakoshi, M., Ishii, F.,

Kawanishi, H., Kurumazuka, D, Kwak, C,

lkemura, K., Takaoka M., and Moriguchi S,

Antihypertensive effect of angiotensin |-

converting enzyme inhibitory peptides from a

sesame protein hydrolysate in spontaneously

hypertensive rats. Bioscience, biotechnology,
and biochemistry, Vol. 70, Issue. 5, 2006, pp.

1118-1126.

Nishibori, N., Kishibuchi, R., Sagara, T., Itoh,

M., Horie, Y., and Shrestha S., Angiotensin I-

converting enzyme inhibitory peptides derived

[27]

78

from food proteins and their physiological and

pharmacological effects. Nutrition research,

Vol. 24, Issue 7, 2004, pp. 469-486.
[28] Nishibori, N., Kishibuchi, R., Sagara, T., Itoh,
M., Horie, Y., and Morita, K., Angiotensin-I
converting enzyme (ACE) inhibitory activity of
aqueous extract prepared from fermented
brown rice: A potential functional food for
management of hypertension,Phytopharmacol.
2013a, Vol. 4, pp. 237-245.
Kuba, M., Tanaka, K., Tawata, S., Takeda, Y.,
and Yasuda M, Angiotensin I-converting
enzyme inhibitory peptides isolated from
tofuyo fermented soybean food. Bioscience,
biotechnology, and biochemistry, Vol. 67,
Issue. 6, 2003, pp. 1278-1283.
Okamoto, A, H., Hanagata, Y., Kawamura, and
Yanagida, F., Anti-hypertensive substances in
fermented soybean, natto. Plant foods for
human nutrition, Vol. 47, Issue. 1, 1995, pp.
39-47.
[31] Ibe, S., Yoshida, K., Kumada, K., Tsurushiin,
S., Furusho, T. and Otobe K,
Antihypertensive effects of natto, a traditional
Japanese fermented food, in spontaneously
hypertensive rats. Food science and technology
research, Vol. 15, Issue 2, 2009, pp. 199-202.
Lee, B. H, Lai, Y. S, and Wu, S, C
Antioxidation, angiotensin converting enzyme
inhibition activity, nattokinase, and
antihypertension of Bacillus subtilis (natto)-
fermented pigeon pea. Journal of food and drug
analysis, Vol. 23, Issue. 4, 2015, pp. 750-757.
[33] Shin, Z. 1., Yu, R, Park, S. A,, Chung, D. K.,
Ahn, C. W., Nam, H. S., and. Lee H. J., His-
His-Leu, an angiotensin | converting enzyme
inhibitory peptide derived from Korean
soybean paste, exerts antihypertensive activity
in vivo. Journal of Agricultural and Food
Chemistry, Vol. 49, Issue 6, 20011, pp. 3004-
30009.
Kitts D. D., and Weiler K., Bioactive proteins
and peptides from food sources. Applications
of bioprocesses used in isolation and recovery.
Current pharmaceutical design, Vol. 9, Issue.
16, 2003, pp. 1309-1323.

[29]

[30]

[32]

[34]

Copyright © Int. J. of GEOMATE. All rights reserved,
including the making of copies unless permission is
obtained from the copyright proprietors.




	ANGIOTENSIN CONVERTING ENZYME INHIBITOR ACTIVITY OF THE SOYBEAN TEMPEH PROTEIN AS FUNCTIONAL FOOD
	1. INTRODUCTION
	36 h                     42 H                   48 H
	6. referenceS


