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Abstract—Malnutrition is one of the most pressing challenges
for developing countries. Cucurbitaceae are known for their
nutritive and medicinal values. The objective ofthis study is to
evaluate the amino acids profile which will prompt the need to
develop varieties of protein-rich plant products for use as
nutritional supplements. Cucumis melo seeds were bought
washed, dried, and milled into flour. Defatted seed flour and
protein precipitate were prepared using standard methods by
AOAC, and analysed using the Applied Biosystems PTH Amino
Acid Analyzer to determine the amino acids contents. The amino
acid profile of C. melo seed flour is comparable to that of egg,
fish, and beef but have higher contents of arginine, glutamic
acid, aspartic acid, methionine, and histidine. The protein
efficiency ratio calculated ranged from 2.32 through 4.13
indicating high-quality protein. The total essential amino acids
ranged from 41.39-52.7 % and amino acid scores were from
102% to 575% values compared to whole egg. The defatted
sample (POP) had lower amino acid contents compared to the
whole flour (HW) and the protein recipitate (PP) however, POP
significantly (p<0.05) higher glutamic acid. There is potential of
developing nutraceuticals and meat analogs with the whole-seed
flour of Cucumis melo.

Index Terms— Cucumis melo, amino acids, supplements,
protein biological value.

I. INTRODUCTION

The importance of protein in the human diet cannot be
underestimated.  Proteins play important roles in
bodybuilding and are responsible for the formation of
enzymes, transcription factors, antibodies,
neurotransmitters, hormones, and other factors that help to
maintain health status [1]. Moreover, functional amino
acids, regulate key metabolic pathways that are necessary
for maintenance, growth, reproduction, and immunity.
These include arginine, cysteine, glutamine, leucine, proline,
and tryptophan [2]. The function of proteins goes beyond
their nutritional value and role in biological metabolism.
There are important in stabilizing food systems, giving
structure to emulsions, foams, and gels as well as binding
water in foods [3]. Protein diet malnutrition ultimately
results in death from illnesses such as kwashiorkor and
marasmus. A large proportion of deaths from protein
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malnutrition is very comman to developing countries [1].
With the average population of the world estimated to
exceed 9 billion by 2050, global food insecurity looms. This
may present a condition of emergency for Africa which is
currently unable to feed its population. It has been expressed
and is obvious that conventional protein production from
poultry, cattle, and fish may not be sufficient to match the
current rate of population increase [1], [3].

Several studies have sought alternative protein sources
that are sustainable and have the potential of replacing the
conventional sources of proteins. Soy, whey, insect, algae,
mycoprotein, and many others have been explored [1], [3].
Furthermore, recent investigations have revealed a shift in
consumer perception toward sources of proteins. Consumers
have become more aware of the effect of their activities on
their environment [4]. Plant-based protein substitutes are
now preferred to animal sources (vertebrate) for moral and
ethical reasons [5] while consumer acceptability of
microbial proteins is still in the developing stage.

Cucumis melo Linn Cucurbitaceae is a perennial crop
belonging to the Cucurbitaceae family. It is grown in North
Africa, India, and the Mediterranean basin. According to
Boulanouar et al [6], studies have suggested the utilization
of the seeds for medicinal purposes especialyin  the
treatment of diabetes mellitus [7]. The bioactive compound
known as cucurbitacin glucoside has been shown to exhibit
anti-inflammatory, antipyretic, and antitumor activities as
well as cytotoxic and insecticidal effects [7]. However, the
crop remains underutilized in food applications. Melons
used as vegetables are rich in flavonoids, alkaloids, and
bitter principles, which are known to promote healthy living
[8], [9] Vitamin E, omega-3 fatty acids, carotenoids, and
polyphenols found in C. melo seeds have excellent
antioxidant activity. [10]. Cucurbitacins are triterpenoids
with an oxygenated tetracyclic triterpene found in the
cucurbitaceae family and the genus cucurmis with various
structures.

Adam et al. [11] previously highlighted the nutritional
composition of Cucumis melo Linn Cucurbitaceae. The
study revealed high contents of carbohydrates, proteins, and
fat of 11.89, 27.67, and 52.48%. [12] studied the proximate
composition of selected species of the Cucurbitaceae family
and reported similar observations. The goal of this study
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was to emphasize the potential of Cucumis melo Linn
Cucurbitaceae seed flour protein extracts as a sustainable
protein source in food product development by determining
their amino acid profile and assessing their biological value
and antioxidant characteristics.

Il. MATERIALS AND METHODS
A. Freeze-dried whole-seeds

Cucumis melo Linn Cucurbitaceae seeds were purchased
at a community market in Biu,and Garkida North Eastern ,
Nigeria. Other materials include; alcohol (Sigma Aldrich,
Germany). The seeds were washed and freeze-dried at the
National Institute for Pharmaceutical Research and
Development (NIPRD), Abuja, Nigeria. First, the seeds
were dried for 24h at —15 °C and p=12 Pa. Followed by the
removal of adsorbed water. To achieve this, the temperature
was increased for an additional 24 h to 20 °C and the
pressure was lowered to p=1 Pa to produce the freezedried
whole seeds. The dried pulverized seed flour (500g) were
macerated in 90% Hexane material at room temperature for
72 h. After maceration, the mixture was filtered using
amuslin cloth, concentrated in a Rotary evaporator (Bibby,
Germany) and further concentrated over a water bath (Karl
Kolb, Germany) at 40°C. The resulting product; Hexane
extract, The dried mark was then extracted with distilled
filtered and freeze dried kept in the refrigerator at 4°C until
further use. The freeze-dried whole seeds were treated with
solvents resulting in the fractions; defatted flour, protein oil,
and protein precipitate according to the process shown in
Figure 1.
B. Defatted flour

The seeds (500g) were grounded and defatted by
maceration in Hexane for 78 hours. The resultant solution
was filtered through Whatman filter paper (No. 1). The
filtrate was recovered under pressure in a rotary evaporator
to produce protein oil. The residue (defatted portion) was
dried in a water bath.

Seeds of Cucumis melo —> Soaked in waler —» Freezdried ——| Whole Seeds

Grounded
Masceration in hexane (78hrs)

Filteration {whatmann no. 1)
Filtrate Residue

Protein Oil Conneentrated in Rotary evaporator Oven dried Defatted flour

Adjusted to pH 7.5 with water
Stirred (1hr)

pH was adjusted to 6.4 with 2 M of HCI

Protein precipitate| €— Centrifuged at 6300g for 30 min

Figure 1 Processing of protein rich fractions of Cucumis melo
Linn Cucurbitaceae
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C. Protein Precipitate

The protein precipitate was prepared according to the
methods previously described with modifications. Briefly, a
total of 50g of defatted Cucumis melo Linn Cucurbitaceae
seeds was mixed with a 15-fold volume of distilled water to
get the mixtures and the pH of the mixtures was adjusted to
7.5 [13]. The aqueous protein solution was acidified to a
range of pH levels (6.8 to 4.0) [14] with 2M HCI. The
solution was stirred for one hour and centrifuged at 2 at
6500g for 30 min. The resultant solution was concentrated
in a water bath to produce the protein precipitate.

D. Amino acid profile

As described by [15] with modifications, the samples
(HW: whole seed flour, POP: Defatted flour, POL.: protein
oil, and PP: protein precipitate) were dried at 70°c to
constant weight, defatted, hydrolyzed, evaporated in a rotary
evaporator, and loaded into the Applied Biosystems PTH
Amino Acid Analyzer.

E. Protein efficiency ratio (PER)

The protein efficiency ratio (PER) of the amino acid
composition was predicted based on three equations
described by [16]:

PER; = —0.684 + 0.456 X Leu — 0.047

X Pro (D)
PER, = —0.468 + 0.454 X Leu — 0.105
X Tyr (2)
PER; = —1.816 + 0435 X Met 4+ 0.78 X Leu + 0.211
X His — 0.944 X Tyr 3)

F. Amino acid scores

The Amino Acid Scores (AAS) were calculated for adults
based on whole hen’s egg as recommended by the FAO
[17]. In this method described by [18], methionine +
cysteine, and phenylalanine + tyrosine as regarded as two
distinct units.

AAS =

mg amino acid/g of test protein

- - — X 100%.
mg amino acid/g of reference protein

G. Free radical 1,1-diphenyl-2-picryl-hydrazyl (DPPH)
scavenging test

Using a method previously described by [19], the total
antioxidant capacity of the three fractions was assessed
using the DPPH radical scavenging assay. The assay method
is based on 1,1-diphenyl-2-picrylhydrazyl's (DPPH)
propensity to discolor when present with antioxidants with
scavenging activity. Then, after being incubated for 2, 5, 10,
15, 20, and 30 minutes at room temperature, 100 L of the
test extracts at concentrations ranging from 10 to 150 g/mL
were combined with 0.1 mL of the DPPH solution (0.2
mg/mL in ethanol). Positive controls included ascorbic acid
(Vit. C), a well-known standard with potent antioxidant
properties.
H. Free radical (2,2’-azino-bis (3-ethylbenz-thiazoline-
6-sulfonic Acid) scavenging test
The method of [20] was modified to determine the fractions'
ABTS radical-scavenging capacities. In MQ water, 7.4 mM
ABTS and 2.6 mM potassium persulfate were dissolved to
create a stock solution. The phosphate-buffered saline
(PBS), pH 7.4, was used to dilute the concentrated ABTS
stock solution after 16 hours, resulting in an absorbance
measurement at 734 nm. Then, 10 L of the examined
samples were combined with 990 L of the ABTS radical
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solution, with concentrations ranging from 10 to 150 g/mL,
and the absorbance was calculated.

I. Ferric Reducing Power Assay

In an acidic condition, antioxidants reduce the ferric ion
(Fe*")-ligand complex to the deeply blue ferrous (Fe®*)
complex, which is the basis for FRAP (Ferric Reducing
Ability of Plasma) [21]. Similar to this, samples with
concentrations between 10 and 150 g/mL were employed in
a 1:30 test sample to reagent ratio. The following equation
was used to calculate the scavenging activity:

Table 1 Essential amino acid profile of lyophilized and

Section A-Research paper
ISSN 2063-5346

J. Statistical analysis

All results were subjected to analysis of variance
(ANOVA) using IBM Statistical package for social sciences
(SPSS) version 21 to determine statistically significant
differences at p<0.05. Duncan Multiple Range Test was
used to separate the mean values.

protein-rich  fractions of Cucumis melo Linn

Cucurbitaceae.
Amino Acid Concentration g/100g

HW PP POL POP

Leucine 9.64°+0.15 7.63%+0.02 1.25%+0.01 7.01°0.01
Lysine 6.74°+0.13 4.14°0.01 0.73°+0.01 4.59°+0.01
Isoleucine 7.09°+0.08 3.88"+0.01 0.65%+0.01 3.58°+0.01
Phenylalanine 10.21%+0.15 4.80°+0.01 1.06%+0.00 4.18°+0.01
Tryptophan 3.45%40.12 1.04"+0.01 0.26°+0.01 0.94°+0.02
Valine 7.93%+0.47 4.23"+0.03 0.67°+0.00 4.56"+0.01
Methionine 3.33%+0.14 1.74°+0.01 0.38°+0.01 1.67°+0.01
Histidine 5.78%+0.06 4.04"+0.01 0.68°+0.01 3.04°0.01
Arginine 11.27°+0.51 8.88°+0.02 1.21%£0.01 8.00°+0.01
Tyrosine 7.44%+0.56 3.63"+0.02 0.87°+0.01 3.10°+0.01

Values are mean * standard deviation of duplicate determinations.

Mean values with different superscripts are statistically significantly different (p<0.05).

Keys;

HW: Whole seed; POL.: Protein Oil; POP: Defatted flour; PP: Protein precipitate.

Table 2 Nonessential amino acid profile of lyophilized

and protein rich fractions of Cucumis melo Linn

Cucurbitaceae.
Amino Acid Concentration g/100g

HW PP POL POP

Alanine 4.65°+0.25 3.88"+0.01 1.03%+0.01 3.16°+0.01
Glutamic acid 18.17°+0.68 19.18%+0.02 3.19°+0.01 15.29°0.01
Glycine 4.68°+0.18 4.38°+0.02 1.28%+0.02 3.70°+0.02
Threonine 6.46%+0.15 3.27°+0.04 0.89°+0.01 2.84°+0.01
Serine 5.15%+0.11 4.02"+0.03 1.36%+0.01 3.66°+0.02
Proline 6.71%+0.30 3.97°+0.01 0.62°+0.01 3.05°+0.01
Aspartic acid 13.23%+0.58 8.02"+0.01 2.62°+0.01 7.36°+0.02

Values are mean = standard deviation of duplicate determinations.
Mean values with different superscripts are statistically significantly different (p<0.05).

Keys;

HW: Whole seed; POL: Protein Oil; POP: Defatted flour; PP: Protein precipitate.

— s

X 100%

Scavanging activity % =
[
where Agis the absorbance of the samples at different

concentrations, A.is the absorbance of control. At 50%
scavenging (ICso) was the concentration required to
scavenge free radicals, which was calculated by plotting the
percentage of scavenging activity against the different
concentrations of the samples (10-150 pg/ml).
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I1l. RESULTS AND DISCUSSIONS
A. Amino acid composition

The essential and dispensable amino acid contents of
Cucumis melo Linn Cucurbitaceae seeds are shown in
Tables 1 and 2 respectively.

The defatted flour (POP) had significantly (p<0.05) lower
amino acid content compared to the whole seeds (HW) and
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the protein precipitate (PP) indicating the loss of some
proteins to the hexane (fat) layer. The protein precipitate,
however, had significantly (p<0.05) higher glutamic acid
content.

The amino acid profile revealed that arginine (essential in
infants) was high in all samples. The least amino acid
content in g/100g was methionine in the whole seed flour
and tryptophan in the protein precipitate, protein oil, and the
defatted flour. While the total amino acid profile indicates
good quality protein and is comparable to meat and egg, the
relatively high content of arginine in the whole seed, protein
precipitate, and defatted flour samples suggest suitability in
formulating infant food formula.

The amino acid profile of Cucumis melo Linn
Cucurbitaceae is comparable to that of fish [22], egg [23],
and meat [24] proteins. It was observed that Cucumis melo
Linn Cucurbitaceae whole seed flour has higher contents of
arginine, glutamic acid, aspartic acid, methionine, and
histidine than egg proteins [23] and in most species of fish
reported by [22].

The amino acid profile, biological value and antioxidant
properties of whole C. melo, it’s defatted flour, protein
precipitate and protein oil was determined. It was found that
the amino acid profile is rich both essential and nonessential
amino acids. The protein quality was found to be high and
comparable with meat, whole hen’s egg and fish.

Table 3 Amino Acid Scores (AAS) of freezedried and
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whole flour. The biological value of protein can be
estimated by calculating the Protein Efficiency Ratio (PER).
The calculation is based on the concentration of either
leucine and proline (PER;); leucine and tyrosine (PERy); or
methionine, leucine, histidine, and tyrosine (PER;). The
result (shown in Table 4) revealed that the (PER) for
Cucumis melo Linn Cucurbitaceae whole seed flour,
defatted flour and protein precipitate as described by [16]
ranged from 2.32 through 4.13. Protein efficiency ratios of
greater than 2.00 suggest a high-quality value of protein.
Table 4 Protein efficiency ratio of protein rich extracts of
Cucumis melo Linn Cucurbitaceae

POP PP HW
PER1 2.32 2.65 3.40
PER2 2.39 2.61 3.13
PER3 3.90 4.13 3.16
Keys;

HW: Whole seed; POP: Defatted flour; PP: Protein
precipitate.

C. In-vitro Antioxidant Activity Assay

The result of antioxidant activity is shown in table 5. The
ICs, values represent the concentration of the test sample
that can scavenge 50% of the free radical. This implies that,
samples with low [ICsq values will require lower
concentrations to scavenge free radicals and vice versa.

protein rich fractions of Cucumis melo Linn All the samples were found to have activities for DPPH
Cucurbitaceae.
. . RAA Amino Acid Scores (%)

Amino Acid (ma/g) POL POP PP HW
Leucine 59.00 21.19 118.81 129.32 163.39
Isoleucine 20.00 32.50 179.00 194.00 354.50
Histidine 15.00 45.33 202.67 269.33 385.33
Lysine 45.00 16.22 102.00 92.00 149.78
Met. + Cys. 22.00 31.36 123.18 131.82 238.18
Threonine 23.00 38.70 123.48 142.17 280.87
Phe.+Tyr. 38.00 50.79 191.58 221.84 464.47
Tryptophan 6.00 43.33 156.67 173.33 575.00
Valine 39.00 17.18 116.92 108.46 203.33
Total 267.00 29.03 136.89 148.16 262.10

RAA — Reference Amino Acid Composition (WHO/FAO, 2007).

Keys;

HW: Whole seed flour; POP: Defatted flour; PP: Protein precipitate; POL: Protein oil

B. Biological Value of Cucumis melo Linn Cucurbitaceae
Protein-rich Fractions

The Amino Acid Scores (Table 3) revealed that the whole
seed, protein precipitate, and defatted flour samples have
more than 100% of the egg standard value for all the
essential amino acids. In whole-seed flour, tryptophan has
the highest score of 575% amino acid scores, while Lysine
has the least score of 163%. It was also observed that
defatting reduced

50% equivalent of whole egg standard of Phenylalanine
and tyrosine while there was a total of 29% equivalent of
whole egg protein in terms of essential amino acids found in
the hexane layer. This indicates that 29% equivalent of
whole egg protein was reduced as a result of defatting the

Eur. Chem. Bull. 2023, 12 (Special Issue 4), 16919-16924

with the exception of the protein oil (POL). The defatted has
the least ICs, value while the whole seed has the highest IC
50 value for DPPH. The protein oil has the least ICsy value
(699.68 pg/ml) for the Ferric reducing power assay while
the whole seeds have the highest 1Cs, value for FRAP. The
protein precipitate (PP) has the least 1Csq value for ABTS
while the protein oil has the highest.

Samples have higher 1Cs, values for DPPH and FRAP and
low concentrations for ABTS. The observed antioxidant
activity shows the activity of functional amino acids in the
sample. The observed scavenging ability of the protein oil of
Cucumis melo Linn Cucurbitaceae suggests the presence of
functional free fatty acids.

The extracts showed antioxidant activities with DPPH,
FRAP and ABTS with the exception of the protein oil in
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DPPH. The antioxidant activity exhibited by the protein oil
suggests the presence of functional fatty acids while the
whole extract and protein precipitate has high content of
functional amino acids viz This is similar to the reports of
[25], [26] and includes tryptophan, methionine, histidine,
lysine, cysteine, arginine, and tyrosine, which are referred to
as antioxidative amino acids. Tryptophan and tyrosine are
two examples of amino acids with aromatic side chains rich
in electrons that are easily oxidized. Because the pyrrole
ring in the tryptophan molecule has five ring atoms (four of
which are readily oxidized), The pyrrole ring, which has five
carbon atoms and one nitrogen atom sharing six electrons, is
what makes the tryptophan molecule sensitive to oxidizing
agents [26]. Methionine and cysteine are two examples of
sulfur-containing amino acids that are readily oxidized. This
is due to the fact that the sulfur atom has two solitary
electron pairs and is also considerably oxidized. [26]. The
high content of arginine in the extracts of C.melo indicates
the suitability in formulating infant foods since it is an
essential amino acid for infants. The rich amino acid profile
of the extracts C.melo also shows its suitability in
formulating meat analogs and utilization as a sustainable
protein ingredient.

Table 3 Antioxidant capacity assay of lyophilized and

protein rich fractions of Cucumis melo Linn
Cucurbitaceae.

Antioxidant 1C50 (ug/ml)

Assay HW PP POL POP
DPPH 1792.24* 1659.61° NA 1485.26°
FRAP 4070.51° 1763.75° 699.68° 1749.63"
ABTS 10.15° 3.80° 23.016° 4.63°
Keys;

HW: Whole seed; POP: Defatted flour; PP: Protein
precipitate; POL: Protein oil

Conclusion

The amino acid profile, biological value and antioxidant
properties of whole Cucumis melo Linn Cucurbitaceae, it’s
defatted flour, protein precipitate and protein oil was
determined. It was found that the amino acid profile is rich
both essential and nonessential amino acids. The protein
quality was found to be

high and comparable with meat, whole hen’s egg and fish.
The extracts showed antioxidant activities with DPPH,
FRAP and ABTS with the exception of the protein oil in
DPPH. The antioxidant activity exhibited by the protein oil
suggests the presence of functional fatty acids. The high
content of arginine in the extracts of Cucumis melo Linn
Cucurbitaceae indicates the suitability in formulating infant
foods since it is an essential amino acid for infants. The rich
amino acid profile of the extracts Cucumis melo Linn
Cucurbitaceae also shows its suitability in formulating meat
analogs and utilization as a sustainable protein ingredient.

REFERENCES

[1] S. Patel, “Insects as a Source of Sustainable Proteins,”
in Proteins: Sustainable Source, Processing and
Applications, Elsevier, 2019, pp. 41-61. doi:
10.1016/B978-0-12-816695-6.00002-7.

Eur. Chem. Bull. 2023, 12 (Special Issue 4), 16919-16924

[2]

3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Section A-Research paper
ISSN 2063-5346

G. Wu, F. W. Bazer, Z. Dai, D. Li, J. Wang, and Z.
Wu, “Amino Acid Nutrition in Animals: Protein
Synthesis and Beyond,” Annu. Rev. Anim. Biosci., vol.
2, no. 1, pp. 387-417, Feb. 2014, doi:
10.1146/annurev-animal-022513-114113.

L. Grossmann, S. Ebert, J. Hinrichs, and J. Weiss,
“Production of protein-rich extracts from disrupted
microalgae cells: Impact of solvent treatment and
lyophilization,” Algal Res., vol. 36, pp. 67-76, Dec.
2018, doi: 10.1016/j.algal.2018.09.011.

L. Grossmann, J. Hinrichs, and J. Weiss, “Cultivation
and downstream processing of microalgae and
cyanobacteria to generate protein-based
technofunctional food ingredients,” Crit. Rev. Food
Sci. Nutr., vol. 60, no. 17, pp. 2961-2989, Sep. 2020,
doi: 10.1080/10408398.2019.1672137.

V. E. Circus and R. Robison, “Exploring perceptions
of sustainable proteins and meat attachment,” Br.
Food J., vol. 121, no. 2, pp. 533-545, Feb. 2019, doi:
10.1108/BFJ-01-2018-0025.

bakchiche Boulanouar, M. Bireche, A. Gherib, A.
Gil-lzquierdo, R. Dom&iacute;nguez-Perles, and M.
Ghareeb, “Fatty Acid and Amino Acid Composition
of Citrullus Colocynthis Seeds Growing in Algeria,”
Egypt. J. Chem., vol. 0, no. 0, pp. 0-0, Jun. 2021, doi:
10.21608/ejchem.2021.73414.3627.

A. A. Abdelkhalek, A.-M. M. A. Sharaf, M. Rabie,
and H. I. EI-Subbagh, “Derivatives of Cucurbitacin-E-
glucoside produced by Curvularia lunata NRRL 2178:
Anti-inflammatory, antipyretic, antitumor activities,
and effect on biochemical parameters,” Future J.
Pharm. Sci., vol. 3, no. 2, pp. 124-130, Dec. 2017,
doi: 10.1016/j.fjps.2017.04.006.

V. Aeri, U. Kaushik, and S. Mir, “Cucurbitacins - An
insight into medicinal leads from nature,”
Pharmacogn. Rev., vol. 9, no. 17, p. 12, 2015, doi:
10.4103/0973-7847.156314.

R. Gémez-Garcia, D. A. Campos, C. N. Aguilar, A.
R. Madureira, and M. Pintado, “Valorization of melon
fruit (Cucumis melo L.) by-products: Phytochemical
and Biofunctional properties with Emphasis on
Recent Trends and Advances,” Trends Food Sci.
Technol., vol. 99, pp. 507-519, May 2020, doi:
10.1016/j.tifs.2020.03.033.

C.-l. Chang et al., “Bitter melon triterpenes work as
insulin sensitizers and insulin substitutes in insulin-
resistant cells,” J. Funct. Foods, vol. 13, pp. 214-224,
Mar. 2015, doi: 10.1016/j.jff.2014.12.050.

I. K. Adam, A. A. Osoku, and A. B. Bello,
“Nutritional composition of Colocynthis citrullus and
Sesanum indicum grown in Obi local government
area of Nasarawa state, Nigeria,” Elixir Food Sci.,
vol. 40, pp. 5415-5417, 2011.

0. OR, A. 0.0, J. FM,, and J. S.M., “Nutritional
Analysis of Selected Cucurbitaceae Species,”
Univers. J. Plant Sci., vol. 4, no. 1, pp. 1-3, Mar.
2016, doi: 10.13189/ujps.2016.040101.

X. Wang, Q. Chen, and X. Lii, “Pectin extracted from
apple pomace and citrus peel by subcritical water,”
Food Hydrocoll., vol. 38, pp. 129-137, Jul. 2014, doi:
10.1016/j.foodhyd.2013.12.003.

D. Y. M. Lui, J. D. Litster, and E. T. White,
“Precipitation of soy proteins: Particle formation and

16923



Amino Acid Profile and Biological Value of Aqueous Seed Extract of Cucumis melo Linn Cucurbitaceae.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

protein separation,” AIChE J., vol. 53, no. 2, p. 9,
2007.

W. Horwitz, Official methods of analysis of AOAC
International. Volume 1, agricultural chemicals,
contaminants, drugs/edited by William Horwitz.
Gaithersburg (Maryland): AOAC International, 1997.,
2010.

P. L. Kowalczewski et al., “The Nutritional Value and
Biological Activity of Concentrated Protein Fraction
of Potato Juice,” Nutrients, vol. 11, no. 7, p. 1523, Jul.
2019, doi: 10.3390/nu11071523.

Food and Agriculture Organization of the United
Nations, Ed., Dietary protein quality evaluation in
human nutrition: report of an FAO expert
consultation, 31 March-2 April, 2011, Auckland, New
Zealand. Rome: Food and Agriculture Organization
of the United Nations, 2013.

A. Chinonyerem, O. Obioha, and U. Ebere, “Amino
acid Composition, Amino Acid Scores and Predicted
Protein Efficiency Ratio of Raw and Cooked African
Yam Bean (Sphenostylis sternocarpa),” J. Appl. Life
Sci. Int., vol. 13, no. 2, pp. 1-10, Jan. 2017, doi:
10.9734/JALSI/2017/33595.

S. A. Baba and S. A. Malik, “Determination of total
phenolic and flavonoid content, antimicrobial and
antioxidant activity of a root extract of Arisaema
jacquemontii Blume,” J. Taibah Univ. Sci., vol. 9, no.
4, pp. 449-454, Oct. 2015, doi:
10.1016/j.jtusci.2014.11.001.

A. Matuszewska, M. Jaszek, D. Stefaniuk, T.
Ciszewski, and L. Matuszewski, “Anticancer,
antioxidant, and antibacterial activities of low
molecular weight bioactive subfractions isolated from
cultures of wood degrading fungus Cerrena unicolor,”
PLOS ONE, vol. 13, no. 6, p. e0197044, Jun. 2018,
doi: 10.1371/journal.pone.0197044.

Y. Zhong and F. Shahidi, “Methods for the
assessment of antioxidant activity in foods11This
chapter is reproduced to a large extent from an article
in press by the authors in the Journal of Functional
Foods.,” in Handbook of Antioxidants for Food
Preservation, Elsevier, 2015, pp. 287-333. doi:
10.1016/B978-1-78242-089-7.00012-9.

H. Rehbein, “Caviare: Proximate composition, amino
acid content and identification of fish species,” Z. Fur
Lebensm.-Unters. -Forsch., vol. 180, no. 6, pp. 457—
462, Jun. 1985, doi: 10.1007/BF02044294.

J. C. Lewis, N. S. Snell, D. J. Hirschmann, and Heinz.
Fraenkel-Conrat, “AMINO ACID COMPOSITION
OF EGG PROTEINS,” J. Biol. Chem., vol. 186, no. 1,
pp. 23-35, Sep. 1950, doi: 10.1016/S0021-
9258(18)56283-9.

I. Simonova, S. Grabovskyi, U. Drachuk, B. Halukh,
and I. Basarab, “Amino acid composition of meat and
bone meal from various manufacturers of pet food and
animal feed,” Ukr. J. Ecol., p. 5, 2020.

M. A. Silva, T. G. Albuquerque, R. C. Alves, M. B. P.
P. Oliveira, and H. S. Costa, “Melon (Cucumis melo
L.) by-products: Potential food ingredients for novel
functional foods?,” Trends Food Sci. Technol., vol.
98, pp. 181-189, Apr. 2020, doi:
10.1016/j.tifs.2018.07.005.

Eur. Chem. Bull. 2023, 12 (Special Issue 4), 16919-16924

Section A-Research paper
ISSN 2063-5346

[26] N. Xu, G. Chen, and H. Liu, “Antioxidative

Categorization of Twenty Amino Acids Based on
Experimental Evaluation,” Molecules, vol. 22, no. 12,
p. 2066, Nov. 2017, doi:
10.3390/molecules22122066.

16924



