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n ABSTRACT

Hypertension is a significant public health problem worldwide, a leading risk factor for cardiovascular disease and
cause of premature death. Angiotensin-I-converting enzyme (ACE) activity is one of the causes of hypertension. Lamtoro
Gung has potential as an Angiotensin-I-converting Enzyme Inhibitory (ACE-I) due to the presence of peptide that able
to inhibit its activity to prevent hypertension. The germination process was carried out to hydrolyse storage proteins
and produce peptides that have a low molecular weight. This study investigated ACE-I activity from Lamtoro Gung
seed during germination and evaluated the blanching effect on it. This experiment was conducted with a Completely
Randomised Design (CRD), and the factor is the differences in germination duration (0, 12, 24, 36, 48, 60, and 72 h).
Proteolytic activity and the degree of hydrolysis during germination were studied to know the correlation between
germination and ACE-I activity. The highest ACE-] activity sample was blanched with three different durations (2, 4,
and 6 s). The 48 h germinated Lamtoro Gung had the highest ACE-1 activity (70.62%). This result was supported by the
proteolytic activity (168.79 U/g protein dry matter) and degree of hydrolysis (23.26%). Forty-eight hours of germination
of Lamtoro Gung resulted in the highest ACE-I activity. Blanching of germinated Lamtoro Gung for 2 s could hold the
ACE-I activity, but the longer duration decreased it.

Keywords: ACE-I; blanching; germination; Lamtoro Gung

ABSTRAK

Hipertensi adalah masalah kesihatan awam utama di seluruh dunia, faktor risiko utama penyakit kardiovaskular dan
punca kematian pramatang. Aktiviti Angiotensin-I-Angiotensin-I-Converting Enzyme adalah salah satu punca hipertensi.
Lamtoro Gung berpotensi sebagai Angiotensin-1-Converting Enzyme Inhibitory kerana kehadiran peptida yang mampu
menghambat aktivitinya untuk mencegah hipertensi. Proses percambahan boleh dijalankan untuk menghidrolisis
protein simpanan dan menghasilkan peptida ringkas. Penyelidikan ini mengkaji aktiviti ACE-1 daripada biji Lamtoro
Gung semasa percambahan dan menilai kesan kukus kepadanya. Uji kaji ini dijalankan dengan Reka Bentuk Rawak
Sepenuhnya (CRD) dan faktor penelitian yang digunakan iaitu perbezaan dalam tempoh percambahan (0, 12, 24, 36,
48, 60 dan 72 jam). Aktiviti proteolitik dan tahap hidrolisis semasa percambahan dikaji untuk mengetahui perkaitan antara
percambahan dan aktiviti ACE-1. Sampel aktiviti ACE-1 tertinggi kemudian dikukus dengan tiga tempoh didih yang berbeza
(2, 4 dan 6 s). Lamtoro Gung yang bercambah 48 jam mempunyai aktiviti ACE-I tertinggi (70.62%). Keputusan ini
disokong oleh aktiviti proteolitik (168.79 U/g protein bahan kering) dan tahap hidrolisis (23.26%). Lamtoro Gung yang
bercambah dan dikukus selama 2 s boleh menahan aktiviti ACE-1, tetapi tempoh yang lebih lama mengurangkannya.

Kata kunci: ACE-I; Lamtoro Gung; pengukusan; percambahan
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INTRODUCTION
The angiotensin-I-converting enzyme (ACE) plays
an essential role in blood pressure regulation and
cardiovascular function. It is best known to have a
physiological process to convert inactive angiotensin
I to active angiotensin Il (Binning & Riordan 1983), a
potent vasoconstrictor. Furthermore, ACE is an target for
preventing and treating hypertension and cardiovascular
diseases.

Peptide utilisation in preventing hypertension 1s
massively researched. These peptides are called ACE-1
peptides. Its ability to avoid hypertension is evidenced
by its ability to inhibit ACE activity. Various ACE-I
peptides can be derived from legumes (Puspitojati et al.
2019), cereal (Li et al. 2007), marine (Ahn et al. 2012),
dairy (Tavares et al. 2011), and animal products (Miguel
& Aleixandre 2006).

ACE-I peptides have low molecular weight (MW)
and consist of hydrophobic and negatively charged
hydrophilic amino acid character (de Castro & Sato
2015; Lee, Jeon & Byun 2011). The MW peptides deal
with the active site of ACE (Fan, Liao & Wu 2018).
ACE has an intense active site, so the low MW peptides
can enter the ACE’s active site and obstruct its activity.
Increasing the MW of peptides can lower its accessibility
(Natesh et al. 2003).

Hydrophobic amino acids at the C terminal of
peptides lead to hydrophobic interaction between the
peptides and the amino acid residue at ACE’s active site.
This hydrophobic interaction triggers a conformation
change of amino acid residue attached with Zn2+ (Fan,
Liao & Wu 2018). Meanwhile, negatively charged
hydrophilic amino acids, such as Asp and Glu, support
ACE-I activity (Pebrianti, Nur Cahyanto & Indrati 2019).
Both can create the electrostatic interaction with the Zn*
at ACE's active site (Aluko 2015; Natesh et al. 2003).

Hydrolysis can be applied to obtain low MW
peptides. Enzyme utilisation and fermentation process
are often used. Germination can also be spread to produce
small peptides. It is one of the easy and inexpensive
ways to obtain ACE-1 peptides from cereals and legumes
(Mamilla & Mishra 2017). Proteases will be activated
during germination and break the complex storage
protein into a simple one. Next, the simple peptides
will be used as energy sources for seedling development
(Mayer & Poljakoff-Mayber 1979). Germination has been
proven to improve the low MW peptides concentration
(Mamilla & Mishra 2017) and significantly increase the
ACE-T activity (Bamdad et al. 2009).

Lamtoro Gung (Leucaena leucocephala ssp.
Glabrata (Rose) S. Zarate) belongs to the Leguminosae

family and can be easily found in Indonesia. Lamtoro
Gung is widely used in traditional Indonesian cuisine
(Sayudi, Herawati & Ali 2015) because of its high protein
content (30.99% DM) (Harifah 2017). Lamtoro Gung
has many negatively charged hydrophilic amino acids,
such as glutamic acid (10.84 g/100 g protein DM)
and aspartic acid (8.9 g/100 g protein DM). It also has a
total of hydrophobic amino acid 18.79 g/100 g protein
DM (Supriyadi, Retno & Umar et al. 2021). Based on it,
Lamtoro Gung is a potential source of ACE-I peptides.
Germination application on Lamtoro Gung is expected
to improve the Lamtoro Gung ACE-I through the protein
breakdown into a simple peptide.

The use of Lamtoro Gung as ACE-1 peptides
have been slightly discovered. Some studies evaluate
antimicrobial activity (Aderibigbe, Adetunji & Odeniyi
2011), germination profile (Obiazi 2015), tempeh
production (Nursiwi et al. 2019, 2018), nutrition, and
anti nutrition compounds (Harifah, Supriyadi &
Umar 2018). Lamtoro Gung’s ACE-I utilisation was
not found vyet, so it needs to be studied to prevent
hypertension. Lamtoro Gung ACE-I peptides can be
obtained by germination as a hydrolysis process. The
blanching process will be applied as typical Lamtoro
Gung processing in the community. This study aims
to explore Lamtoro Gung ACE-1 properties during
germination and evaluate the impact of blanching on
Lamtoro Gung ACE-I properties. By consuming the
germinated Lamtoro Gung, the risk of hypertension is
expected to prevent.

MATERIALS AND METHODS

BIOMATERIALS AND CHEMICALS

Lamtoro Gung seeds (Figure 1) were bought from
the traditional market. They were from Prujakan
Village, Sinduharjo, Ngaglik District, Sleman Regency,
Yogyakarta, Indonesia. The seeds’ length and width
of approximately 1 and 0.5 cm. They were dry form,
brown to dark brown, and mature from their tree.
The maturation was indicated with a dry condition
in its tree. The chemicals are pro analysis grades
such as Folin-Ciocalteu’s phenol reagent (Merck
#109001), bovine serum albumin, Potassium hydrogen
phosphate trihydrate (K,HPO,.3H,0), casein from
bovine milk (Sigma C3400), trichloroacetic acid
(TCA), L-Tyrosine, L-tryptophane, Sodium dihydrogen
phosphate monohydrate (NaH,PO,.H,0), Disodium
hydrogen phosphate (Na,HPO,), N-Hippuryl-His-Leu
(HHL) (Sigma 859052), HEPES sodium salt (sigma




H7006), Angiotensin-1-Converting Enzyme (ACE)
(Sigma A6778), Hydrochloric acid (HCI), ethyl acetate,
sodium dodecyl sulfate, Sodium tetraborate (Na,B,0.).
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B-mercaptoethanol (Merck 805740), o-Phthaldialdehyde
(OPA) (Merck 111452), and some chemicals liquid
chromatography grades.

FIGURE 1. Lamtoro Gung seed before imbibition

GERMINATION PROCESS

The germination process followed patent P00202103659
(Fitriani et al. 2021a). Five hundred grams of seed were
washed and soaked in 60%1.5 °C water for 30 min in a
plastic bowl. Then, they were rinsed and soaked (1:5,
w/v) in ambient temperature water for 24 h. Imbibed
seeds were rinsed, drained, placed on wet tissue paper on a
tray box, and held a damp cloth over it. Germination takes
place in a closed environment using a black plastic
box. The seeds were germinated at room temperature
and in dark conditions. Water was sprayed every 4 h
during germination to prevent seeds from drying out.
The germination duration varies every 12 h (0, 12, 24,
36,48, 60, and 72 h). The germination process was done
n three repetitions. The resulting sprouts were washed,
rinsed, and frozen (-20£2.0 °C). Then, the seeds were
freeze-dried (-40+2.0 °C) under vacuum conditions for
48 h. The dried sprouts were ground to pass through a
60 mesh sieve. It was a germinated Lamtoro Gung flour
for further analysis.

PEPTIDE EXTRACTION

Peptide extraction followed previously described
methods (Pertiwi, Yustinus & Retno 2019) slightly
modified. Each sample powder was macerated in distilled
water (1:10; w/v) (30£2.0 °C, 1 h) and centrifuged
(Sorvall™ ST 8 Centrifuge, Thermo Fisher Scientific,
Massachusetts, US) at 3000=g and 4+0.5 °C for 20 min.

The surauataut was separated and called the peptide
extract, then stored at -20+2.0 °C for further analysis.

CRUDE PROTEASE EXTRACTION

The crude protease extraction was prepared by
dissolving 3 g sample powder into 30 mL sodium
phosphate buffer (50 mM: pH 6.5) (Gongalves et al.
2016). Next, the solution was homogenated (4000 rpmy;
| minute) using ULTRA-TURRAX (IKA Dispersers T 50
digital ULTRA-TURRAX, Malaysia) and followed by
incubation (Memmert Water bath WNB 29, Germany)
for 2 hours (24+2.0 °C; 80 rpm). Last, centrifugated
(3000 g; 4+0.5 °C; 30 min). The resulting supemnatant
is called crude protease extract.

SOLUBLE PROTEIN DETERMINATION

The soluble protein content of the samples was
determined according to the modified Lowry method
developed by Hartree (1972). One mL of protein extract
was poured into the reaction tube, and 0.9 mL Lowry
A was added. The solution was incubated at a water
bath shaker (50£2.0 °C; 10 min; 80 rpm), cooled to
room temperature, and treated with 0.1 mL Lowry B.
The mixture was incubated at room temperature (10
min). Finally, 3 mL of Lowry C was added and forced
(Maxi Mix® II Vortex Mixer M37600 Thermo Fisher
Scientific, United Kingdom) to ensure mixing within 1 s.
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The solution was incubated (50+2.0 °C; 10 min; 80 rpm)
and cooled to room temperature. The absorbance was
read in a 3 mL cuvette at 650 nm (Thermo Scientific
GENESYS 10S UV-Visible Spectrophotometers, US).
Bovine serum albumin (BSA) 100 mg/L was used as a
standard stock solution.

TOTAL AMINO ACID

The total amino acid was determined using LC-MS. Five
hundred mg of sample was put in a 50 mL screw test
tube. Twenty mL HCl 6 N was added and hydrolysed
(110£1.0 °C; 12 h). Six N NaOH was used to neutralise
the solution and adjust the volume with distilled water
to 50 mL. It was diluted and filtered (0.22 uM). Five uL
solution was injected into LC-MS. The mobile phase used
are A solution (0.1% pentadecafluorooctanoic acid
(PDFOA): water; 99.5%:0.5%) and B solution (0.1%
PDFOA: water; 10%:90%). Mobile phase flow was set
at 0.6 mL/min with a gradient elution system.

PROTEOLYTIC ACTIVITY

The proteolytic activity of crude protease was determined
according to Cupp-Enyard (2008). L-tyrosine was used
as standard (1.1 mM). Distilled water was used as a blank.
Casein solution (0.65%; w/v) for a substrate was made
by dissolving casein into potassium phosphate buffer
(50 mM: pH 7.5). Next, 5 mL of casein was poured into
the reaction tube and incubated with a water bath shaker
(37+2.0 °C; 5 min; 60 rpm). Next, 1 mL crude proteases
(sample) was added except for the blank and then
incubated (37+2.0 °C; 1 min; 60 rpm). Then, 5mL 110
mM TCA was added to stop the reaction. Next, one mL
of crude protease was added to the blank tube to balance
the volume of the solution. The solution was incubated
(37+2.0 °C: 30 min: 60 rpm). It was finally filtered with
filter paper.

Two mL of filtrate (test solution, standard solution,
and blank) was prepared. Then, 5 mL Na,CO, 500
mM and | mL Folin Ciocalteu 50 mM were added,
respectively, and incubated in a water bath shaker (37+2.0
°C: 30 min; 60 rpm). Finally, the absorbances were
read at 660 nm with spectrophotometry UV-Vis. The
absorbance was used to calculate the amount of L-tyrosine
produced during the enzymatic reaction. According to the
equation below, the L-tyrosine concentration was used to
calculate the protease activity.

{umole L-tyrosine obtained) x (11)
(1) x (10)x (2)

U/mL enzyme:
where (11) 1s the total volume (mL) of assay: (1) is the
time of assay (minute) as per unit definition; (10) is the

volume of the enzyme (mL) of enzyme used; and (2) is
the vifjime (mL) used in colorimetric determination.

Proteolytic activity (U/mL) was defined as the
amount of tyrosine (umole/mL) that was released from
the substrate (casein) per minute per mL protease at pH
7.5 and 37 °C.

DEGREE OF HYDROLYSIS AND PEPTIDE
CONCENTRATION

The evaluation of the degree of hydrolysis and peptide
concentration according to Charoenphun et al. (2013).
OPA reagent was used as a derivatisation agent, and
L-tryptophane (10 mg/mL) was used as a standard.
OPA reagent made by dissolving 40 mg OPA to 1 mL
methanol and 100 pL B-mercaptoethanol. Then, 25 mL
100 mM Na,B,0. (sodium tetra borate) and 2.5 mL 20%
SDS (sodium dodecyl sulphate) were added to the OPA
reagent. Distilled water was added and adjusted to 50
mL with a volumetric flask.

Three mL of OPA reagent was added to the 0.4 mL
prepared sample. The mixture was incubated at room
temperature (dark condition: 20 minutes). The absorbance
was read at spectrophotometer UV-Vis (340 nm). The
degree of hydrolysis was calculated according to the
equation as follows.

[(NH2)Tx—(NH2)T0]

9 =
#DH [(NHZ)Tot—(NHZ)T0|

x 100

where (NH,)Tx is the hydrolysed sample at x time (test
sample); [NHE]TG: hydrolysed sample at 0 h; and (NH,)
Tot is the fully hydrolysed sample.

A fully hydrolysed sample was obtained by
hydrolysing 250 mg sample with 10 mL 6 M HCI
containing 0.5% phenol for 4 h at 110 °C, neutralised
with 10 mL 6 M NaOH. The solution was centrifuged
(3000 rpm; 15 min), and the remaining supernatant was
used.

ACE INHIBITORY ACTIVITY

The ACE-I activity assay followed Cushmanand Cheung
(1971). The peptide extract was used as an ACE-I agent.
Fifty uL of the sample (1 mg/mL) and 50 pL substrate
solution (50 mM Hipp-His-Leu) were mixed in a 2
mL Eppendorf tube. The distilled water was used to
replace the sample for blank and control. At the initial
step. the blank solution was added to 200 uL HC1 1 M.
For the positive control, captopril, the hypertensive drug,
was used. The mixture was incubated in a water bath
shaker (3742.0 °C; 10 min; 50 rpm). Next, 50 uL ACE
solution (92.5 mU/mL) was added and incubated ftn()
min at a water bath shaker (37+2.0 °C; 50 rpm). The




reaction was terminated with the afffjition of 200 pL
HC11 M. Hyppuric acid as a product was extracted with
1.5 mL ethyl acetate. The tubdfjas shaken with a vortex
at maximum speed. The tube was centrifuged at 14000
% g for 20 min. One mL of supernatant was removed
and placed in other reaction tubes. The supernatant
was evaporated using boiling water to dry (£ 15 nfff).
Then, 3 mL bidistilled water was added and mixed. The
absorbance was read at 228 nm with a spectrophotometer
UV-Vis. The mhibitory activity of the sample could be
calculated according to the equation below:

(A-B

%ACE — I activity = (G=2x 100

where A is the absorbance of control solution; B is the
absorbance of sample solution; and C is the absorbance
of blank solution.

EFFECT OF BLANCHING ON ACE-I ACTIVITY

The ACE-I activity from the highest ACE-I activity
sample was evaluated. The water blanched method was
used. The sprouts were placed in boiling water (1:3,
w/v) for2, 4, and 6 s. Then, they were rinsed with water
to stop the heating process and drained well. Freeze-dried
was applied to prepare the sample before ACE-I activity
determination.

STATISTICAL ANALYSIS
This study applied a one-factor, completely randomised
design with the variation of germination duration as
a factor. Every unit experiment was done in three
experimental and analysis replications. Furthermore, the
data were statistically analysed (IBM® SPSS®@ Statistics
22.0 software) using ANOVA (Analysis of Variance).

_40.00
=
]

Protein concentration (g/1
=
v
=}
=}
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Finally, if the factor had a significant effect, post hoc
testing was carried out by DMRT (Duncan’s Multiple
Range Test) (Bower 2013).

RESULTS AND DISCUSSION

SOLUBLE PROTEIN

Figure 2 shows the soluble protein content. The soluble
protein content of germinated Lamtoro Gung flour
significantly (P<0.05) increased from 24.22+0.81 %
DM at the beginning to 34.35+0.69 % DM at 48 h
germination. The storage proteins were hydrolysed into
small peptides and affected the increase of soluble protein
utilised in the seedling development (Kesari & Rangan
2011). The changes insoluble protein might be due to
a series of proteolytic activities. Proteases that were
activated in the imbibition phase triggered the hydrolysis
process of the storage protein, causing the increase of
soluble protein (Ratnayani et al. 2019). This result is
supported by the proteolytic activity (Figure 3) and the
degree of hydrolysis (Figure 4) data.

During the imbibition, the hydration process
triggered the activation of proteases to provide the
energy sources for seedling development (Ali & Elozeiri
2017; Mayer & Poljakoff-Mayber 1979). The protein
breakdown occurred mainly at protein bodies and
vacuoles (Shutov and Vaintraub 1987). This finding is
in agreement with field beans germination studies. The
nitrogen protein decrease, whereas the soluble protein
increase on the 4" day of germination (Lichtenfeld et al.
1979). This result is in accord with the previous reports
(Kirmizi & Giileryiiz 2006), which explained that soluble
protein increased initially and peaked on the 3% day of
germination, then decreased on the 7* day.

0 12 24

36 48 60 72

Germination duration (h)

FIGURE 2. Soluble protein content of germinated Lamtoro Gung flour
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At the end of germination duration, the soluble
protein is reduced. It indicates that soluble protein had
been used for seedling development. Kesari and Rangan
(2011) reported that 45 days after the imbibition period,
the Pongamia pinnata soluble protein content decreased.
Its result displayed a similar trend. These results confirm
previous findings that the soluble protein content
decreased with more extended germination periods
(Urbano et al. 2005).

AMINO ACID CONTENT
Lamtoro Gung amino acid changed during germination.
At the beginning of germination duration, amino acid
concentration was decreased, and the 36 h germinated
Lamtoro Gung had the highest value. Table 1 shows
the concentration of two groups of amino acids, the
hydrophobic amino acid and the negative charge
hydrophilic amino acid. The presence of these amino acids

TABLE 1. Amino acid concentration of germinated Lamtoro Gung flour

Amino acid Amino acid concentration (g/100 g protein DM) during germination
0h 12h 24 h 36h 48 h 60 h 72 h

Hydrophilic amino acid
L-Aspartic Acid ~ 6.97+0.33* 0.22+0.00¢ 0.27+0.01° 5550017 5.29+0.05° 4.89+0.14¢ 0.05+0.00°
L-Glutamic Acid  10-33£021°  0.1820.00¢  0.1920.00¢ 8.53£020°  693£0.02°  6.08:0.03¢  0.13:0.00¢
L-Arginine 1 0.3%_3?“ 7.56=0.15" 7.12+0.03¢ 2.28+0.03¢ 6.54+0.08¢  4.99+0.14' 0.14:+0.02¢
L-Cystein 01640000 0.13£0.00¢  0.1220.00¢ 01240000 0.11£0.00¢ 01140008 0.15£0.00
L-Glysine 3.44+0.19 1.12+0.06¢ 1.12+0.08: 2.83+0.05 1.99+0.04+  2.16+0.06° 1.86+0.02%
L-Threonine 6+0.07* 1.55+0.03¢ 2.11+0.07" 2.07+0.01° 1.57£0.00°  1.38+0.03%  0.07+0.00¢
L-Thryptophane ~ 0.01:0.00° 0.01£0.00¢  0.08+0.00° 0.010.00¢ 0.004+0.00°  0.005£0.00¢  0.007+0.00°
L-Serine 3.26+0.01¢ 1.33=0.05¢ 2.34+0.08¢ 2.58+0.03" 2324003 2.06+0.03¢ 0.02:+0.00"
L-Tyrosin 0.18+0.02¢ N.D. N.D. 0.11x£0.01° 0.05+0.00¢ 0.04+0.01 0.02+0.01%
L-Histidine 3.61+1.17° 2.02+0.53> 1.08+0.30¢ 2.51+0.79* 1.83+0.34%  1.62+0.59" 1.24+0.40"
L-Lysine 2.69+0.52° 1.86=0.28" 1.08=+0.12 1.54+0.33% 1124023 0.79+0.16%  0.3120.13¢
Total negative 17.30 0.40 0.46 14.08 12.23 10.97 0.18
charge
hydrophilic
amino acids
Total hydrophilic ~ 43.43 15.98 15.46 28.13 27.77 24.14 4.00
amino acids
Hydrophobic amino acid
L-Isoleucine 1.50£0.15 1.10£0.07 0.80£0.06° 0.74+0.04*  0.57£0.06%  0.49+0.00*  0.61+0.08"
L-Leucine 1.12+0.11* 0.80+0.01° 0.53+0.06° 0.59+0.00° 0.42+0.00°  0.30+0.00° 0.36+0.04"
L-Proline N.D. N.D. N.D. N.D. N.D. N.D. N.D.
L-Methionine 0.07+0.00¢ N.D. 0.003:£0.00% 0.06+0.05 0.04+0.007 0.02+0.00¢ 0.009:£0.00¢
L-Phenylalanine ~ 0.61+0.05° N.D. N.D. 0.42+0.01° 0.25+£0.00¢  0.17+0.01¢ 0.23+0.03¢
L-Alanine 0.36+0.00° N.D. N.D. 0.22+0.00  0.21£0.00¢  0.28+0.02° ND.
L-Valine 1.65+0.21¢ 11120, 14 0.75+0.07¢ 0.66+0.08+  0.53+0.06%  0.46+0.04 0.52:+0.004
Total 4.9 3.01 2.07 2.69 1.80 1.44 1.73
hydrophobic
amino acid

tal 48.69 18.99 17.52 30.82 29.78 25.86 5.73

*Results are expressed as mean values+standard deviations. Means in a row with different superscripts are significantly different (P=0.05). N.D.: Not detected




affects the ACE-I activity of Lamtoro Gung. Negative
charge hydrophilic amino acids, such as aspartic acid
and glutamic acid, are essential to inhibit ACE activity.
Those amino acids can build electrostatic interaction
with Zn?" located in the catalytic site of ACE and disturb
its activity (Durak et al. 2013; Natesh et al. 2003). In
addition, hydrophobic amino acids can form hydrophobic
interactions with some hydrophobic amino acid residues
on the active site of ACE (Fan, Liao & Wu 2018).
Accordingly, ACE activity may be decreased.
Thirty-six h germinated Lamtoro Gung flour has
the highest value of negative charge amino acids (14.08
g/100 g of protein), followed by the 48 h germinated
(12.23 g/100 g of protein). These findings are similar to
germinated lentils. The glutamic acid increased during
lentils germination, but the aspartic acid decreased (Kuo
et al. 2004). Germinated Ethiopian and Syrian black
cumin showed the same trend. Aspartic and glutamic
acid increased during germination for 2 - 6 days (Mariod
etal. 2012). The 36 h germinated Lamtoro Gung flour has
2.69 g/100 g protein hydrophobic amino acids, and the 48

180.00
160.00
140.00
120.00
100.00
80.00
60.00
40.00
20.00

Proteolytic activity (U/g protein DM)

0.00
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h has 1.81 g/100 g protein. Storage protein degradation
by proteolytic enzymes caused the increase of total amino
acids during germination. But, decreasing amino acids
might be due to amino acid utilisation in seedling growth
and development (Mariod et al. 2012).

PROTEOLYTIC ACTIVITY

Figure 3 shows the proteolytic activity of germinated
Lamtoro Gung flour. At the beginning (0 h) of germination,
proteolytic enzymes were activated, equal to
85.55+1.18 U/g protein. Moreover, the proteolytic
activity increased as germination progressed. The
imbibition step initiates germination. During imbibition,
the seeds are hydrated and reactivate the proteolytic
enzymes. Proteolytic activation is intended to hydrolyse
storage protein to small peptides used as energy sources
during seedling development (Ali & Elozeiri 2017; Mayer
& Poljakoff-Mayber 1979). Lamtoro Gung reached
the maximum proteolytic activity at 48 h germination
(168.79+0.15 U/g protein). It is significantly (P<0.05)
different from others.

0 12 24

36 48 60 72

Germination duration (h)

FIGURE 3. Proteolytic activity of germinated Lamtoro Gung flour

The highest proteolytic activity at 48 h germination
answers why the soluble protein shows the highest value
in that duration. This proves that at 48 h germination,
Lamtoro Gung achieves the peak of storage protein
hydrolysis. Proteol ytic activity increased at the beginning
of germination and decreased in the last period. This

phenomenon was affected by the types of seeds and the
location of the embryonic axis (Ali & Elozeiri 2017;
Gepstein & Ilan 1980). A similar trend in the previous
study, germination (25 °C; dark condition) of Phaseolus
vulgaris, showed the increasing protease activity in
the first seven days of germination and decreased later
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(Gepstein & Ilan 1980). Contrastly, the germination
of Indian bean had the maximum proteolytic activity
on the 4" day of germination and gradually decreased
(Ramakrishna & Rao 2005). However, germinated Pisum
sativum showed differently. Its proteolytic activity was
rapidly enhanced between days 5 - 15 (Basha & Beevers
1975).

DEGREE OF HYDROLYSIS AND PEPTIDE
CONCENTRATION
The degree of hydrolysis and peptide concentration can
be seen in Figure 4. Germinated Lamtoro Gung for 48 h

had the significant (P<0.05) highest DH (23.26+0.15%)
(Figure 4). The peptide concentration on 48 h of
germination also increased significantly (P<0.05). The
highest peptide concentration (70.89+£0.26 mg/g DM)
was in line with its proteolytic activity (Figure 3) and
degree of hydrolysis (Figure 4). Forty-eight h germinated
Lamtoro Gung flour shows the highest DH and peptide
content. Both of them are closely related to proteolytic
activity during germination. The high proteolytic activity
triggers hydrolysis and increases its peptide content.
Increasing DH and peptide content at 48 h germination
explains that storage proteins are hydrolysed and result
in simple peptides (Kuo et al. 2004).
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] f ‘ e ’_,_j' L 4000 B
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B o0 2000 3
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-k - Peptide concentration

FIGURE 4. Degree of hydrolysis and peptide concentration of germinated

Lamtoro Gung flour

This result agrees with Noviyanti et al. (2020), who
found an increasing degree of hydrolysis of melinjo
during 21 days of germination. Lichtenfeld et al. (1979)
also found that on the 3rd day of field beans germination,
the peak of proteolytic activity was observed, and the
storage protein was modified. The increase in peptide
concentration is similar to Gulewicz et al. (2008) and
Urbano et al. (2005). Germination Pisum sativum for 2,
4, and 6 days caused hydrolysis of storage proteins that
released peptides and free amino acids. It was observed
by reducing the density of polypeptide bands from the
storage proteins and lower MW peptides obtained with
the increasing germination periods (Urbano et al. 2005).

ACE INHIBITORY ACTIVITY
Lamtoro Gung ACE-1 activity increase during a

particular germination period. Germinated Lamtoro
Gung at 48 h had the significant (P<0.05) highest ACE-1
activity (70.62+0.53%) (Figure 5). Significant differences
(P<0.05) were noted between and within seeds after
and before germination (25.42+0.65%). In addition, the
48 h germinated Lamtoro Gung flour approached the
inhibitory activity of captopril (90.06+0.39%).

There was three-point that positively correlated
with ACE-I activity. First is the proteolytic activity,
the degree of hydrolysis, and the last is the peptide
concentration. Maximum DH at 48 h germination
confirms the highest proteolytic activity and results n
high content of peptides. The high content of peptides
clarifies that small peptides were formed a lot. The small
peptides can quickly enter the narrow, deep active site of
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FIGURE 5. ACE-I activity of germinated Lamtoro Gung flour

ACE and inhibit ACE’s activity (Fan, Liao & Wu 2018).
This result follows the germination of lentils (Bamdad et
al. 2009) and black soybean (Mamilla & Mishra 2017).
Bamdad et al. (2009) reported that germinated lentils
(20 °C; dark condition) had a sharp increment of 80% in
ACE-lactivity at 72 h germination. Mamilla and Mishra
(2017) also found the increase of ACE-I during soybean
germination (40 °C: five days: dark condition) to about
83.5%.

EFFECT OF BLANCHING ON ACE-L ACTIVITY

The blanching process applied to the highest ACE-I

100.00

germinated Lamtoro Gung (48 h germinated) aims to
evaluate the effect of cooking on its ACE-1 activity.
Sprouts are usually freshly consumed, water blanched
for a short time, steam blanched, or soaked in the boiling
water for a short time. The 48 h germinated Lamtoro
Gung has the highest ACE-1 activity (70.62+0.53%). It
was then blanched to evaluate the effect of blanching on
its ACE-I activity.

Figure 6 shows the effect of blanching on germinated
Lamtoro Gung ACE-I activity. The longer the cooking
time, the lower the sample’s ACE-1 activity. For example,
blanching for 2 s has no significant (P<0.05) difference
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FIGURE 6. ACE-T activity of the 48 h germinated Lamtoro Gung during blanching
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compared with the fresh model (70.62+0.53% inhibition);
it had 70.29+£0.08% inhibition. However, prolonged
blanching time showed a negative impact on ACE-I
activity. For example, blanching germinated Lamtoro
Gung for 4 and 6 s significantly (P<0.05) decreased the
ACE-Iactivity, they are 60.25£0.16% (14.66% reduction)
and 20.08+0.24% (71.55% reduction), respectively.

Based on the results, it was found that the ACE-I
activity of germinated Lamtoro Gung can be held during
the blanching process for 2 s. The reduction of ACE-I
activity during blanching was due to 2 possibilities. Those
are thermal destruction and peptide leaching (Fellows
2000; Fitriani et al. 2021b; Xiao et al. 2017). Peptides’
primary characteristic is labile at high environmental
temperatures. Since germinated Lamtoro Gung has
many hydrophilic group amino acids (Table 1), this
amino acid type is polar and easy to leach to water as
a cooking medium. Zhang, Pechan and Chang (2018)
also reported that the ACE-1 activity of black soybean
and black turtle seed decreased during cooking, ACE-I
from bovine casein-derived peptides also decreased
during heating at 110 and 120 °C for 2 h, about 6.55%
and 14.14%, respectively, compared to unheated ones
(Wu et al. 2014). In contrast, Escudero. Mora and Toldra
(2014) found that ACE-] peptides from dry-cured ham
remained active and had good resistance during heat
treatment. ACE-I peptides derived from tuna cooking
juice showed good stability at temperatures (20-100 °C)
for 2 h (Hwang 2010). Similarly, ACE-I peptides from
Koro Kratok tempeh increased after boiling (Pertiwi,
Yustinus & Retno 2019). This finding shows that ACE-I
peptides from germinated Lamtoro Gung are heat-labile
and recommended to consume in fresh form.

CONCLUSION

Germination of Lamtoro Gung involves reactivated
proteases in the peas to hydrolyse the storage protein.
Higher proteolytic activity increases the hydrolysis of
protein and high molecular peptides to form smaller
peptides and increase the soluble protein. This result
is confirmed by the degree of hydrolysis and peptide
concentration. The low molecular weight peptides
act as an ACE-I through their ability to inhibit ACE
activity. Forty-eight h germinated Lamtoro Gung had
the highest proteolytic activity (168.79 U/g protein DM),
DH (23.26%), and ACE-I activity (70.62%). Forty-eight
hours of germination of Lamtoro Gung resulted in the
highest ACE-1 activity. Blanching of germinated Lamtoro
Gung for 2 s could hold the ACE-I activity, but the longer
duration decreased it.

ACKNOWLEDGEMENTS

The authors are thankful to The Ministry of Finance,
The Republic of Indonesia through the Indonesian
Lecturer Excellence Scholarship 2019 - The Education
Fund Management Institute for the financial support for
the research.

REFERENCES

Aderibigbe, S.A ., Adetunji, O.A. & Odeniyi, M.A. 2011.
Antimicrobial and pharmaceutical properties of the seed oil
of Leucaena leucocephala (Lam.) De Wit (Leguminosae).
African Journal of Biomedical Research 14 (January):
63-68.

Ahn, C.B., Jeon, Y.J., Kim, Y.T. & Je, 1.Y. 2012. Angiotensin-I-
converting enzyme (ACE) inhibitory peptides from salmon
byproduct protein hydrolysate by alcalase hydrolysis.
Process Biochemistry 47(12): 2240-2245. https://doi.
org/10.1016/1.procbio.2012.08.019

Ali, AS. & Elozeiri, A.A. 2017. Metabolic processes during
seed germination. In Advances in Seed Biology. Jimenez-
Lopez, J.C. DOL 10.5772/intechopen. 70653

Aluko, R.E. 2015, Structure and function of plant protein-
derived antihypertensive peptides. Current Opinion in
Food Science 4(5): 44-50. hups://doi.org/10.1016/.
cofs.2015.05.002

Bamdad, F., Dokhani, S., Keramat, ]. & Zareie, R. 2009.
The impact of germination and in vitro digestion on
the formation of angiotensin converting enzyme (ACE)
inhibitory peptides from lentil proteins compared to whey
proteins. International Jowmnal of Biological and Life
Science 5: 2.

Basha, S.M.M. & Beevers, L. 1975, The development of
proteolytic activity and protein degradation during the
germination of Pisum sativum L. Planta 124(1): 77-87.
https://doi.org/10.1007/BF00390070

Bower, J.A. 2013, Statistical Methods for Food Science:
Introductory Proecedures for the Food Practitioner.
2nd ed. John Wiley & Sons, Ltd. https://do1.
org/10.1002/9781118541593

Biinning, P. & Riordan, 1.F. 1983, Activation of angiotensin
converting enzyme by monovalent anions. Biochemistry
22(1): 110-116. https://doi.org/10.102 1/bi00270a0 16

Charoenphun, N., Cheirsilp, B., Sirinupong, N. & Youravong,
W. 2013. Calcium-binding peptides derived from tilapia
(Oreachromis niloticus) protein hydrolysate. Euwropean
Food Research and Technology 236: 57-63. https://doi.
org/10.1007/s00217-012-1860-2

Cupp-Enyard, C. 2008. Sigma’s non-specific protease activity
assay - Casein as a substrate. Jowrnal of Visualized
Experiments 19: 4-5. https://doi.org/10.3791/899

Cushman, D.W. & Cheung, H.8. 1971. Spectrophotometric
assay and properties of the angiotensin-Converting enzy me
of rabbit lung. Biochemical Pharmacology 2007): 1637-
1648, https://doi.org/10.1016/0006-2952(71)90292-9




de Castro, R.J.S. & Sato, H.H. 2015. Biologically active
peptides: Processes for their generation, purification and
identification and applications as natural additives in
the food and pharmaceutical industries. Food Research
International 74(5): 185-198. hups://doi.org/10.1016/].
foodres.2015.05.013

Durak, A., Baraniak, B., Jakubczyk, A. & Swicca,
M. 2013. Biologically active peptides obtained by
enzymatic hydrolysis of Adzuki bean seeds. Food
Chemistry 141(3): 2177-2183. https://doi.org/10.1016/).
foodchem.2013.05.012

Escudero, E., Mora, L. & Toldra, F. 2014. Stability of ACE
inhibitory ham peptides against heat treatment and in
vitre digestion. Food Chemistry 161: 305-311. https:/doi.
org/10.1016/j. foodchem.2014.03.117

Fan, H., Liao, W. & Wu, J. 2018, Molecular interactions,
bioavailability, and cellular mechanisms of angiotensin-
converting enzyme inhibitory peptides. Jowrnal of Food
Biochemistry43(1): 1-8. https://dot.org/T0.1111/3fbe. 12572

Fellows, P. 2000. Food Processing Technology. 2nd ed.
Woodhead Publishing Limited and CRC Press LLC.

Fitriani, A., Santoso, U. & Supriyadi, S. 2021a. Conventional
processing affects nutritional and antinutritional components
and in vitre protein digestibility in Kabau (Archidendron
bubalinum). International Jowrnal of Food Science 2021:
Article 1D. 3057805,

Fitriani, A, Supriyadi, S., Rachma, Y.A., Maharani, P, Ardianto,
C., Khoirunnissa, R., Muzakki, W.A. & Fajarini, L.D.R.
2021b. Proses pembuatan tepung kecambah Lamtoro Gung
(Leucaena lewcocephala ssp. Glabrata (Rose) S. Zarate)
sebagai antihipertensi.

Gepstein, S. & Ilan, I. 1980. Evidence for the involvement
of cytokinins in the regulation of proteolytic activity in
cotyledons of germinating beans. Plant and Cell Physiology
21(March): 57-63.

Gongalves, R.N., Duarte, S., Barbosa, G. & Silva-Lopez,
R.E. 2016. Proteases from Canavalia ensiformis: Active
and thermostable enzymes with potential of application
in biotechnology. Biotechnology Research International
2016: 3427098,

Gulewicz, P., Martinez-Villaluenga, C., Frias, J., Ciesiotka,
D., Gulewicz, K. & Vidal-Valverde, C. 2008. Effect of
germination on the protein fraction composition of different
lupin seeds. Food Chemistry 107(2): 830-844. https://doi.
org/10.1016/j. foodchem.2007.08.087

Harifah, C.S. 2017. Perubahan zat gizi, senyawa antigizi, serta
nilai cerna protein secara in vitro serta profil asam amino
biji Lamtoro Gung (Leucaena Lewcocephala) kukus dan
rebus. Thesis. Universitas Gadjah Mada (Unpublished).

Harifah, C.S., Supriyadi, S. & Santoso, U. 2018. Antinutrient
and in vitro protein digestibility Lamtoro Gung seed
Lewcaena leucocephala steamed and boiled. In Seminar
Nasional PATPI 2017. pp. 539-545.

Hartree, E.F. 1972, Determination of potein: A modification
of the lowry method that gives a linear photometric
response. Analvtical Biochemistry 48: 422-427 . https://doi.
org/10.1007/BF01412567

373

Hwang, J-S. 2010. Impact of processing on stability of
angiotensin I-converting enzyme (ACE) inhibitory
peptides obtained from tuna cooking juice. Food Research
International 43(3): 902-906. htps:/doi.org/10.1016/j.
foodres.2009.12.012

Kesari, V. & Rangan, L. 2011. Coordinated changes in storage
proteins during development and germination of elite
seeds of Pongamia pinnata, aversatile biodiesel legume.
AoB PLANTS 11(1): 1-16. https://doi.org/10.1093/aobpla/
plr026

Kirmizi, 8. & Giileryiiz, G. 2006. Protein mobilization and
proteolytic enzyme activities during seed germination of

broad bean (Vicia faba L.). Jowrnal of Biosciences 61(3-
4):222-226.

Kuo, Y.H., Rozan, P., Lambein, F., Frias, J. & Vidal-Valverde,
C. 2004, Effects of different germination conditions on
the contents of free protein and non-protein amino acids
of commercial legumes. Food Chemistry 86(4): 537-545.
https://doiorg/10.1016/;. foodchem.2003.09.042

Lee, 1.K., Jeon, J-K. & Byun, H-G. 2011. Effect of angiotensin
I converting enzyme inhibitory peptide purified from
skate skin hydrolysate. Food Chemistry 125(2): 495490,
https:/doi.org/10.1016/).foodchem.2010.09.039

Li, G.H., Qu, M.R., Wan, J.Z. & You, J.M. 2007.
Antihypertensive effect of rice protein hydrolysate with in
vitro angiotensin i-converting enzyme inhibitory activity
in spontaneously hypertensive rats. Asia Pacific Jowrnal
of Clinical Nutrition 16(SUPPL.T): 275-280. https://doi.
org/10.6133/apjcn.2007.16.51.52

Lichtenfeld, C., Manteuffel, R., Miintz, K., Neumann, D.,
Scholz, G. & Weber, E. 1979. Protein degradation and
proteolytic activities in germinating field beans (Ficia
faba L., var. minor). Biochemie Und Physiologie Der
Pfianzen 174(4): 255-274. https://doi.org/10.1016/50015-
3796{17)30587-5

Mamilla, R.K. & Mishra, V.K. 2017. Effect of germination
on antioxidant and ACE inhibitory activities of legumes.
LWT - Food Science and Technology 75(1): 51-58. https://
doi.org/10.1016/j.1wt.2016.08.036

Mariod, A.A., Edris, Y.A., Cheng, S.F. & Abdelwahab, S.I.
2012. Effect of germination periods and conditions on
chemical composition, fatty acids and amino acids of two
black cumin seeds. Acta Scientiarum Polonorum 11(4):
401-410.

Mayer, A.M. & Poljakoff-Mayber, A. 1979. The structure of
sceds and seedlings. In The Germination of Seed. 3rd ed.
New York: Pergamon Press. pp. 1-9. https://doi.org/10.1016/
B978-0-08-028853-6.50008-5

Miguel, M. & Aleixandre, A. 2006. Antihypertensive peptides
derived from egg proteins. Recent Advances in Nutritional
Sciences 136(6): 1457-1460.

Natesh, R., Schwager, S.L.U., Sturrock, E.D. & Acharya, K.R.
2003. Crystal structure of the human angiotensin-converting
enzyme — lisinopril complex. Nature Publishing Group
421(1): 551-554.




3714

Noviyanti, E., Supriyadi, A., Arum, L.S., Akbar, R.R. &
Siswoyo, T.A. 2020, Effect of germination on free radical
scavenging activities and angiotensin i-converting
enzyme inhibitory of melinjo (Gretum gnemon L.) seed
proteins. Journal of Microbiology, Biotechnology and
Food Sciences 9(4): 809-812. hups://doi.org/10.15414/
JMBFS.2020.9.4.809-812

Nursiwi, A., Dwikiputra, B.L., Ishartani, D. & Sari, A.M.
2019. Changes on microbial growth during mlanding
tempeh (Leucaena leucocephala) over fermentation. JOP
Conference Series: Earth and Environmental Science 379(1):
1-6. hitps://doi.org/10. 1088/1755-1315/379/1/012001

Nursiwi, A., Ishartani, D., Sari, AM. & Nisyah, K. 2018.
Study on Leucaena leocochepala seed during fermentation:
Sensory characteristic and changes on anti nutritional
compounds and mimosine level. JOP Conference Series:
Earth and Environmental Science 102: 012093,

Obiazi, C.C. 2015, Hot water enhanced germination of

Leucaena leucocephala seeds in light and dark conditions.
Cuwrrent Research in Agricultural Sciences 2(2). 67-72.
hitps://doi.org/10.18488/journal.68/2015.2.2/68.2.67.72

Pebrianti, S.A., Nur Cahyanto, M. & Indrati, R. 2019.
Angiotensin I-converting enzyme (ACE) inhibitory
activity of ACE inhibitory peptides produced during the
fermentation of pigeon pea (Cajanus cajan) tempe. Jowrnal
of Indonesian Food and Nutrition Progress 16(2): 47-52.
https://doi.org/10.22146/1fnp 46921

Pertiwi, M.G.P., Marsono, Y. & Indrati, R. 2019. In vitro
gastrointestinal simulation of tempe prepared from Koro
Kratok (Phaseolus lunatus L) as an angiotensin-converting
enzyme inhibitor. Journal of Food Science and Technology
57(5): 1847-1855. https://doi.org/10.1007/s13197-019-
04219-1

Puspitojati, E., Nur Cahyanto, M., Marsono, Y. & Indrati,
R. 2019. Production of angiotensin-i-converting enzyme
(ACE) inhibitory peptides during the fermentation of jack
bean (Canavalia ensiformis) tempe. Pakistan Jouwrnal
of Nutrition 18(5): 464-470. https://doi.org/10.3923/
pin.2019.464-470

Ramakrishna, V. & Rao, PR. 2005. Purification of acidic
protease from the cotyledons of germinating indian bean
(Dolichos lablab L. var. lignosus) seeds. African Journal
of Biotechnology HJuly): 703-707.

Ratnayani, K., Suter, LK., Antara, N.S. & Putra, IN.K. 2019.
Angiotensin converting enzyme (ACE) inhibitory activity
of peptide fraction of germinated pigeon pea ( Cajanus cajan
(L. Millsp.). Indonesian Journal of Chemistry 19(4): 900-
906. hups://doi.org/10.22146/ijc. 37513

Sayudi, S., Herawati, N. & Ali, A. 2015. Potensi biji Lamtoro
Gung dan biji Kedelai sebagai bahan baku pembuatan tempe
komplementasi. Journal Online Mahasiswa Universitas
Riauw 2(1): 1-9.

Shutov, A.D. & Vaintraub, I.A. 1987. Degradation of storage
proteins in germinating seeds. Phytochemistry 26(6):
1557-1566.

Supriyadi, S., Indrati, R. & Santoso, U. 2021. Peptida bioaktif
dari indigenous Indonesian stinky bean sebagai sumber
ACE-Inhibitor untuk menekan penyakit hipertensi.

Tavares, T., Del Mar Contreras, M., Amorim, M., Pintado,
M., Recio, I. & Xavier Malcata, F. 2011. Novel whey-
derived peptides with inhibitory effect against angiotensin-
converting enzyme: /n vitro effect and stability to
gastrointestinal enzymes. Peptides 32(5): 1013-1019.
https://doi.org/10.1016/).peptides.2011.02.005

Urbano, G., Aranda, P., Vilchez, A., Aranda, C., Cabrera,
L., Porres, .M. & Lépez-Jurado. M. 2005. Effects of
germination on the composition and nutritive value of
proteins in Pisum sativim, L. Food Chemistry 93(4): 671-
679. https://doi.org/10.1016/j.foodchem.2004.10.045

Wu, W., Yu, PP, Zhang, F.Y., Che, H.X. & Jiang, Z M. 2014,
Stability and cytotoxicity of angiotensin-i-converting
enzyme inhibitory peptides derived from bovine casein.
Journal of Zhefiang University: Science 8 15(2): 143-152.
https://doi.org/10.1631/jzus B1300239

Xiao, HW., Pan, Z., Deng, L.Z., El-Mashad, H.M., Yang,
X.H., Mujumdar, A.8., Gao, Z.J. & Zhang, Q. 2017.
Recent Developments and trends in thermal blanching
— A comprehensive review. Information Processing in
Agriculture 4(2): 101-127. https://doi.org/10.1016/.
inpa.2017.02.001

Zhang, Y., Pechan, T. & Chang, S K.C. 2018, Antioxidant and
angiotensin-I converting enzyme inhibitory activities of
phenolic extracts and fractions derived from three phenolic-
rich legume varieties. Jowrnal of Functional Foods 42:
289-297. https://doi.org/10.10 16/].jif.2017.12.060

‘Corresponding author; email: suprif248(@ugm.ac.id




HASIL CEK_60211306_Jurnal April Kecambah

ORIGINALITY REPORT

3

6% Ao, 2%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

1

mail.scialert.net

Internet Source

T

Mellado-Ortega, Elena, and Damaso Hornero-
Meéndez. "Carotenoid evolution during short-
storage period of durum wheat (Triticum
turgidum conv. durum) and tritordeum
(xTritordeum Ascherson et Graebner) whole-
grain flours", Food Chemistry, 2016.

Publication

T

Submitted to Yeditepe University

Student Paper

T

-~

Huaju Sun, Qing Chang, Long Liu, Kungang
Chai, Guangyan Lin, Qingling Huo, Zhenxia
Zhao, Zhongxing Zhao. "High-Throughput and
Rapid Screening of Novel ACE Inhibitory
Peptides from Sericin Source and Inhibition
Mechanism by Using in Silico and in Vitro
Prescriptions", Journal of Agricultural and
Food Chemistry, 2017

Publication

T

chimie-biologie.ubm.ro



. Internet Source
5 1
%

Exclude quotes On Exclude matches <1%

Exclude bibliography On



