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Indonesia is endowed with an immense biodiversity that can be used as protein
sources. One of these is Moringa oleifera tree that is locally known as Kelor. The seeds of
this plant can be used as a protein source, an effective coagulant for water purification, a
natural absorbent, and an antimicrobial treatment. Kelor seeds are known to contain
fibers, proteins, carbohydrates, and vitamins. The objectives of this study were to identify
the optimal solution concentration, determine the yield percentage, and determine the
optimal protein content from hydrolytic processes of Moringa seed extraction using
Sodium Hydroxide (NaOH) and Hydrochloric Acid (HCI). The hydrolysis took place for 30
minutes at 60°C. The proteins extracted from Moringa seeds were identified with biuret
and Braford tests. The NaOH extractions resulted in the highest yield of 12.1% and
protein content of 0.43% with 2% NaOH. Whereas those of HCl produced the highest
yield of 11.1% and protein content of 9.63% with 1% HCI.
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INTRODUCTION Moringa is the most commonly

cultivated species among the

Indonesia is blessed with a vast monogeneric families. This plant is vast

biodiversity that can be utilized as protein
sources, and one of these is the Moringa
oleifera plant. Moringa is known to be
highly nutritious, and the World Health
Organization (WHO) has introduced it as
an alternative foodstuff to combat
malnutrition. This plant has been known to
be a source of proteins (Aminah, et al,
2015).

growing and known with many names
such as lobak/horseradish tree, drumstick
tree, benzolive, kelor, marango, mlonge,
moonga, mulangay, nébéday, saijhan,
sajna, minyak Ben tree, etc. Moringa has
been widely grown in the tropics and
considered a miracle tree because of its
various uses from many of its parts,
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especially the seeds (Bramantyo, et al,
2014; Idris, et al., 2016).

The seeds are round with the initial
color of green, which turns into dark
brown as the pods mature and dry up
(Aminah, et al., 2015). The coat of mature
Moringa seeds is semi-permeable and has
three soft white wings. Each tree can
produce in the average of 15,000 to
25,000 seeds, and each seed weighs in the
average of 0.3 gram (Krisnadi, 2015).
Moringa seeds can be used effectively as a
coagulant in water purification treatment,
natural absorbent, and anti-microbial drug
(Mangale, et al., 2012).

Moringa seeds as shown on Fig. 1,
contain several beneficial nutrients such as
proteins, fats, carbohydrates, vitamins A, E,
C, Bl to B3, calcium etc. (Sahay, et al,
2017). As shown in Table 1, the ingredients
with the highest amount in Moringa seeds
are proteins (35.97+0.19 gr) and fats
(38.67+0.03 gr), and therefore Moringa
seeds are a good candidate to become a
secondary protein food source.

One of the methods to obtain the
protein content of Moringa seeds is
through a hydrolytic process. Through
hydrolytic  methods, proteins  from
Moringa seeds can be converted into L-
amino acids, nucleotides, and other
various peptides. Hydrolytic processes can
be performed chemically (by adding acidic
or basic solutions) or enzymatically. A
chemical hydrolysis process by adding an
acid may shorten the time of, reduce the
price of, and ease the procedures (Witono,
et al., 2007).

The objectives of this study
included 1) determining the optimal
concentrations of NaOH and HCI, 2)

determining the highest yields, and 3)
determining the protein contents from
hydrolytic extractions of Moringa seeds.

» B
e

Fig 1. (A) Seedling, (B) Seeds (Leone, et
al.,, 2016)

Table 1. Nutrient Contents per 100
grams of Moringa Seeds
(Gopalakrishnan, et al., 2016)

No Component Amount
1 | Calories (kal) -

2 Protein (gr) 35.97+0.19
3 | Fat(gn) 38.67+0.03
4 | Carbohydrate (gr) 8.67+0.12
5 Fiber (gr) 2.87+0.03
6 | Vitamin B1(mg) 0.05

7 | Vitamin B2(mg) 0.06

8 | Vitamin B3(mg) 0.2

9 | Vitamin C (mg) 45+0.17
10 | Vitamin E (mg) 751.67+4.41
11 | Calcium (mg) 45

12 | Magnesium (mg) 635+8.66
13 | Phosphorus (mg) 75

14 | Potassium (mg) -

15 | Copper (mg) 5.20+0.15
16 | Iron (mg) -

17 | Sulfur (mg) 0.05

RESEARCH METHOD

The research methodology was
divided into these stages: material
preparation, hydrolytic processes, and
analytical procedures.
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Material Preparation

Moringa seeds were washed and
dried in an oven at 100°C to reduce the
water content. The dried seeds were
ground into powder.

Hydrolytic Processes

The Moringa seed powder was
placed into a three-neck flask that had
been equipped with liebig cooler,
thermometer, stirrer, and heater. The
solutions used in this study were Sodium
Hydroxide (NaOH) and Hydrochloric Acid
(HCl). The concentrations tested in this
study were (2, 4, 6, 8, and 10) % (w/v) of
NaOH and (0.2, 04, 0.6, 0.8, and 1.0) %
(v/v) of HCl. The dispersed Moringa seed
powder was stirred and heated at low
temperature (60°C) for 30 minutes to
minimize protein denaturation.

The hydrolysis results were settled
and filtered to separate the residue from
the filtrate. The solid residue was dried up
and analyzed for protein contents. The pH
of the liquid filtrate neutralized. Once the
trial filtrates reached pH 4.7 (pH of acidic
conditions) (Naga, Adiguna, Retnoningtyas
& Ayucitra, 2010; Triyono, 2010) and pH 7-
9 (pH of base conditions) in order to the
protein content in the filtrate coagulated,
they centrifuged to separate the pellets
from the supernatants for additional
protein extraction yield. The pellets were
dried and weighed.

Analytical Procedures
The analytical procedures
consisted of qualitative analyses using
Biuret tests and quantitative analyses
using Bradford tests, as well as yield

concentration determination.

Qualitative Analyses with Biuret tests

The Biuret reagent was prepared
with 0.15 gram of Copper (II) sulphate and
0.6 gram of NaK Tartrate dissolved in 50
mL of distilled water. After the salts
completely dissolved, 30 mL of 10% NaOH
was added and the volume was brought
up to 100 mL with the addition of distilled
water (Salim & Rahayu, 2017). The reagent
was added to the hydrolyzed samples to
detect the presence of protein. A positive
result would yield samples with red to
purple  colors. (Wijaya, Dewi, &
Sastrodihardjo, 2013).

Quantitative Analyses with Bradford
tests

The Bradford reagent was prepared
by dissolving 10 mg of coomassie brilliant
blue G-250 in 5 ml of 95% ethanol and
adding it with 10ml of 85% phosphoric
acid. The solution was brought up to 100
ml with distilled water. 2.5 mL of Bradford
reagent was added to 50 mL of hydrolysis
samples. After vigorous mixing, the
mixture was incubated for 10 minutes.
Optical density was read at 595nm
(Purwanto and Marianti, 2014).

Determining the Yield Percentage

The equation 1 was used to
determine the yield percentage of protein
extraction from Moringa seeds using
hydrolyses.

Moringa seed weight A (Protein)(gr)
Mass of Moringa Seed (B) (gr)

x 100%...(1)

where :

A: Protein extracted into NaOH/HCI
Solution

B: Mass Moringa seed before extracted
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RESULTS AND DISCUSSION

The  yield
determined by comparing the weight of

percentage was
protein yield with the initial weight of
Moringa seed preparation. Moringa seed
hydrolysis using different concentrations
of Sodium Hydroxide (NaOH, an alkali)
produced different yields. The highest
yield percentage was 12.1% as a result
from 2% NaOH hydrolysis (Table 2). There
is a negative correlation between NaOH
concentrations and yield percentage, in
which NaOH
produced lower yield percentages. This

higher concentrations
correlation can be seen from Fig. 2, in
which y-axis represents % yield and x-axis
represents NaOH concentration.

Table 2. Yields of Moringa Seed
Hydrolysis at Various NaOH
Concentrations

NO NaOH Concentration (%) Yield (%)
1 2 12.1
2 4 7
3 6 6.1
4 8 4.7
5 10 3.15

The
determine protein contents is presented in

result of Bradford tests to

Table 3 and Mass Balance of Moringa seed
protein extracted into NaOH is presented
in Table 4. The highest protein content in
the filtrate was found in the hydrolysis
using 2% NaOH at 0.43%, and the lowest
was from using 10% NaOH at 0.03% in
which higher base concentration produces
more protein molecules dissolved in the
The higher
produced higher protein content because

solution. extraction yield

there was more protein
(Nurhayati, et al., 2018)
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Fig 2.The Effects of NaOH Concentrations
on the Yield of Moringa Seed

Hydrolysis
Table 3. The Protein Contents in The
Filtrate from Moringa Seeds
Hydrolyzed with Varied

Concentrations of NaOH Solution

No NaOH Protein Content in
Concentration (%) | The Filtrate (%)
1 2 0.43
2 4 0.05
3 6 0.04
4 8 0.03
5 10 0.05
Table 4. Mass Balance of Moringa Seed
Protein Extracted into NaOH
Total of Protein Protein
No Moringa Extracted | Remainsin
Seed into NaOH | The Seed
Protein (%) | Solution (%) (%)
1 0.43 1.34
2 0.05 1.72
3 1.77 0.04 173
4 0.03 1.74
5 0.05 172
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Fig 3.The Effects of HCl Concentrationson
the Yield of Moringa Seed Hydrolysis

Table 5. Yields of Moringa Seed Hydrolysis
at Various HC| Concentrations

No HCI Concentration (%) | Yield (%)
1 0.2 7.7

2 04 5.85

3 0.6 6.45

4 0.8 7.05

5 1 11.05

Table 6. The Protein Contents in The Filrate
from Moringa Seeds Hydrolyzed
with Varied Concentrations of HCl

No HCl Concentration |Protein Content in
(%) The Filtrate (%)

1 0.2 151

2 04 2.96

3 0.6 361

4 0.8 2.40

5 1.0 9.63

The other solvent tested was a
strong acid, Hydrochloric acid (HCI). These
tests produced the highest extraction yield
of 11.05% at 1% HCl and the lowest of
5.85% at 0.4% HCI (Table 5). This can be
seen from Fig. 3, in which y-axis represents
% vyield and x-axis represents HCI
concentration.

Table 7. Mass Balance of Moringa Seed
Protein Extracted into HCI

Total of Protein Mass Balance

No Moringa | Extracted into | of Moringa

Seed HCI Solution | Seed Protein
Protein (%) (%) (%)
1 1.51 0.26
2 2.96 119
3 1.77 361 1.84
4 2.40 0.63
5 9.63 7.86

Alkaline extraction produced

relatively lower protein fraction than acidic
one. Furthermore, different temperatures
and  solvent  concentrations  affect
secondary and tertiary structures of
proteins (W. Selling et al., 2013).

Table 6 and Table 7 show that the
acidic extraction of Moringa seed
produced the highest protein content of
9.63% using 1% HCl.

concentrations of HCI will be increased the

Increasing

rate of hydrolysis because the hydrolysis
reaction rate constant is proportional to
the concentration of H* in acidic
conditions (Nofi & Putra, 2013).

Biuret test were applied to analyze
the protein contents in the Moringa seed
hydrolytic  extraction  samples.  The
presence of proteins is marked by the
formation of purple or violet color in the
samples. This phenomenon can be
explained by the reactions that take place
between peptides in the samples and Cu®"
ions from CuSO, in the biuret reagent.
Purple color formation from biuret tests in
Moringa seed hydrolytic extractions
indicates the presence of proteins in
Moringa seeds (Bakhtra, et al, 2016;

Jubaidah, et al.,, 2016).
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According to (Sugiyono, 2004) If the
protein heated for several hours in 6N HCI,
it will ultimately be hydrolyzed into its
amino acid components. If the protein
boiled in NaOH 5N, it will also experience
complete hydrolysis. This article used
different NaOH and HCl concentrations as
a solvent so that the results much lower
than the expected.

Hydrolysis of proteins with acids will
produce amino acids. The resulting
amount of amino acids is called free a-
amino nitrogen content. During hydrolysis,
conversions of insoluble proteins into
soluble ones take place, and further
breakdowns also occur that result in more
simple compounds, such as peptides,
amino acids, and ammonia(Kurniawan, et
al., 2012; Anggraini & Yunianta, 2015)..

Amino acids which have permanent
optical active properties (L-form) as found
in nature. Hydrolysis using alkali will
change the optically active properties of
amino acids due to the presence of
racemization (a mixture of L and D forms
of amino acids) (Nofi & Putra, 2013) and
the different treatment of HCl and NaOH
addition in the hydrolysis process will
determine the type of amino acid
produced (Sugiyono, 2004).

Protein solubility can be increased
with acidic treatments because of the
positive charge from the acids modifies
the previously neutral protein molecules
into positively charged ones. Prolonged
heating at 50 to 80 °C and acid addition
with high concentration can induce
denaturation that results in protein
precipitation (Triyono, 2010).

Based on Table 1, the protein should
be in the range of 35% but, in this study

the protein content in the filtrate is much
lower than that. Several factors influenced
these results with the existing theories. It
can be the weight of Moringa seeds to
extracted into the oil, percentage of
solvent concentration, type of solvent
used, the process to obtain the protein
content with hydrolysis or another one,
time, and temperature of the protein
isolation process, then human errors. Also,
the Carbohydrate components in Moringa
seed oil can interfere because they are
formed humin compounds in the form of
particles that can absorb amino acids and
fat content that not fully extracted during
the extraction or hydrolysis process with
solvents (Sumardi, 1995).

CONCLUSIONS

1. Moringa  seeds contain  several
beneficial nutrients such as proteins,
fats, carbohydrates, vitamins E, C, B1,
B2, B3, Calcium etc. The percentage of
protein weight in 100 grams of Moringa
seeds is significant (35.97+0.19 gr),
therefore Moringa seeds have the
potential to become a secondary
protein source.

2. Hydrolyses can be the methods to
extract protein contents from Moringa
seeds. The extracted proteins can be
converted into L-amino acids,
nucleotides, and various peptides using
solutions containing either NaOH or
HCI at certain concentrations.

3. Alkaline hydrolyses produce an optimal
yield of 12.1% with 0.43% protein
content in the filtrate using 2% (w/v)
NaOH Solution.
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4. Acidic hydrolyses produce an optimal
yield of 11.1% with 9.63% protein
content in the filtrate using 1% (v/v)
HCI Solution.

5. The different treatment of HCl and
NaOH addition in the hydrolysis
process will determine the type of
amino acid produced

RECOMMENDATION

Protein extraction from Moringa seeds
requires further studies to produce better
results. These trials may involve different
variations of solvent concentrations, or
different solvents, or the additions of steps
other than hydrolysis, or other non-
hydrolytic methods all together.
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