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Abstract

In the same vision of the valorization of the species Annona muricata L. (Annonaceae) and with regard to the previous
scientific data collected on this plant species, a study was initiated to search for chemical constituents of seeds of this
plant which could have the clarifying (coagulant) properties of domestic wastewater. The results obtained show that
these seeds contain carbohydrates, proteins, lipids, terpenes and sterols in its almonds and integuments ; flavonoids
and tannins in its integuments with significant contents of organic compounds (66.15 %) as well as mineral compounds
(00.97 %) and volatile compounds (32.88 %). The vegetable oil (lipids) extracted is 30.56 % in these seeds. The
evaluation of the clarifying activity of soursop seeds on samples of domestic wastewater with turbidities of 160 and 259
NTU showed that these seeds have a reduction rate of colloids or suspended matter of 95.40 % with the solution of its
almonds and 97.58 % with the solution of its almond cakes at respective doses of 4800 mg powder/L and 3200 mg
powder/L in 30 minutes. The results obtained prove that these seeds contain 35.59 % of other organic compounds
(proteins, amino acids, carbohydrates and starch) which are responsible for this water clarifying activity. It is important
to note that to our knowledge, the indications given on the activity of clarifying wastewater by the seeds of this fruit
have not yet been the subject of scientific work making it possible to identify some of the compounds responsible for
this activity in these glitches.
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1. Introduction

Sustainable access to drinking water resources is a major concern in the world. On the other hand, current water
resources are affected by several factors including the growing demand for water by the population, the phenomenon
of pollution of groundwater and surface water by different human activities [1, 2]. The reuse of wastewater, sources of
water-borne diseases, presents itself today as an alternative solution to limit its shortage because the latter factor could
satisfy agricultural, industrial or domestic needs and resolve environmental problems [3-5].

Before their use or consumption by the population, water treatment is imperative [6]. Current studies are limited to
concluding on the quality of water treated with synthetic coagulants (aluminum or iron chloride, alum etc.), because the
most effective and used water treatment methods induce in these treated waters several toxic compounds such as
halogenated compounds and its derivatives which are sometimes harmful to health and the environment [7, 8].
However, the use of plants is currently one of the alternative ways of replacing synthetic coagulants in the treatment of
wastewater because these plants contain several compounds with different properties, some of them need to be
identified and revealed. In general, these natural coagulants are food or medicinal plants which have a clarifying power
for cloudy water ; this requires an adjustment of the pH of this water which leads to a consumption of alkalinity and
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increases the levels of organic compounds or phytonutrients likely to degrade in this water. However, the presence of
these organic compounds in water promotes the development of microorganisms responsible for the biological
treatment of said water [9, 10]. The limits of application of these natural coagulants have notyet been clearly established
to date [3-5, 11].

In order to preserve the quality of reused wastewater for consumption around the world, it is important to continue
research into new natural coagulants capable of treating wastewater without negative impact on living beings and the
environment [10, 12-14]. In the same perspective of the discovery of Moringa oleifera L. as one of the currently known
natural coagulants and a plant with multiple uses (traditional and modern) in the world [8, 13, 15] that we were
interested in the seeds of the Annona muricata L. fruit. Indeed, this fruit is designated in the literature by numerous
vernacular names, namely : corrosol (French), soursop (English), guanabana (Spanish), graviola (Portuguese),....[16-
21]. Once consumed, these seeds are thrown into nature and generally become part of household waste, which is one of
the current problems in waste management around the world. Nevertheless, several studies focusing on the
phytochemical composition of these Annona muricata seeds have demonstrated the presence of different compounds
with multiple biological properties [22-30]. Depending on the chemical composition of soursop, a study was initiated to
search for chemical constituents of the seeds of this plant which could have the clarifying (coagulant) properties of
domestic wastewater.

2. Material and methods

2.1. Preparing the extracts

The extracts used were prepared separately from almond and integument powders obtained of soursop seeds. These
extracts were vegetable oils, ashes and other extracts obtained from different solvents with increasing polarities.

The extraction of the oils was carried out in hexane using Soxlhet [31, 32]. A concentrated liquid (lipid) and dry solid
(almond cake) were obtained and weighed after evaporation of the solvents.

The ashes of the almonds and integuments of the soursop seeds were obtained by incineration of these plant organs at
600 °C for 8 hours in a CERADEL brand electric ceramic oven, located within the premises of the National School of Fine
Arts, Brazzaville-Congo [31, 32].

The other extracts from the almonds and integuments of soursop seeds were obtained successively by extraction with
hexane, chloroform, methylethylacetone (MEC), ethanol and water.

2.2. Chemical screening of metabolites

The search for seed metabolites was carried out by Thin Layer Chromatography (TLC) using aluminum plates in silica
gel 60 F254 (Merck) and polyester plates in silica gel UV254 as support. The chemical families sought are lipids,
carbohydrates, nitrogen compounds, polyphenols, terpenes and sterols using elution systems and specific developers.
The methods used are those described in the literature [33-35].

2.3. Determination of chemical constituents contents of the seeds

2.3.1. Water and volatile compounds content

The water and volatile compound content was determined by drying at room temperature for 01 hour and followed by
steaming at 104 + 1 °C for 24 hours of 148.91 g of the soursop seed samples [31, 32]. The water and volatile compounds
content (TEC) was calculated according to the following formula :

m; With : mi, mass of seed samples before drying (initial mass) and

m
Tf * 100 (D ms, mass of seed samples after drying (final mass)
L

Tge =

2.3.2. Ash content

The sum of the masses of the ashes obtained after incineration at 600 °C for 8 hours of 61.32 g of almond powders and
38.26 g of integument powders made it possible to determine the ash content (Tc) of the seeds according to the
following formulas [32] :
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m With : mo: total mass of test portion (almonds and integuments) ;
Tc(E) = o 100 (2) m;: total mass of these samples after incineration and E, sample.

0
2.3.3. Organic compounds content
The organic compounds content (Tco) in the seeds was calculated by the formula :

Tco(S) =100 - (T, + Tge) 3) With : Tec: water contents and volatile compounds ;
Tc: ash content; S: seeds.

2.3.4. Lipid content

The lipid content (T.) was determined from the sum of the masses of almond powders (61.30 g) and integument
powders (38.30 g) used and those obtained after extraction of these vegetable oils according to the following formula
[31,32]:

T — m «100 4) With : m,, total mass of the samples (almonds and integuments) before
L mg extraction ; mi, total mass of the vegetable oils obtained of these
samples.

2.4. Evaluation of the coagulant activity of soursop seeds

2.4.1. Preparation of coagulant solutions

The coagulating solutions of almond powders and its cakes, integument powders and ashes of soursop seeds were each
prepared in distilled water at a concentration of 20 g/L [35]. After 24 hours of decantation, the coagulating solutions
(aqueous phases) were each filtered using filter paper.

The aqueous solution of 10 g/L of ferric chloride was also prepared and used as a reference coagulant solution.

2.4.2. Domestic wastewater sampling and collection area

The wastewater samples used in this work were taken in September 2022 from one of the sewers located at the
intersection between Bayas Street (District 4 Poto-Poto) and the Madoukou River located south of the city of Brazzaville.
These wastewater samples were taken in 10 L plastic bottles.

2.4.3. Clarification of raw water samples taken

Clarification of wastewater or raw water samples was carried out by Jar-test using a Lovibond ET 740 flocculator [36,
37]. In a 1000 mL beaker containing 500 mL of raw water samples was added an optimal volume of the coagulant
solution. The medium obtained was subjected to rapid stirring at 140 rpm for 5 minutes, then slow stirring at 10 rpm
for 10 minutes. After stirring, the reaction medium was decanted for 30 minutes [39]. The optimal volume was modified
until an adequate minimum treatment rate was obtained by balancing the acidity of the medium at a pH = 3.3 with the
hydrochloric acid solution of concentration 1 mol/L and that of sodium hydroxide with a concentration of 10 g/L [40].
The same wastewater clarification operation was carried out with the reference coagulant solution.

2.4.4. Determination of physicochemical parameters, treatment rate and clarification yield

The physicochemical parameters measured before and after water treatment are turbidity measured using a Thermo
Scientific Orion AQ3010 turbidimeter ; the absorbance (A = 350 nm) measured using an Aqualitic AL800 UV-Visible
spectrophotometer and the temperature measured using a Blacklights EZ-9909-SP multi-parameter.

The treatment rate Tt (in g powder/L) is determined according to the following formula :
_ Vp* Cp #1000 With : Vp (mL), volume taken from the coagulant solution; C, (g powder/L),

(5) concentration of the coagulant solution equivalentin g of the seed powders used
; Ve (mL), volume of raw water

t Ve

The evaluation of yield of the turbidity removal efficiency of the extracts of these seeds was made relative to the
minimum of the turbidity or the absorbance of each of the curves according to the following formulas :
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Yield (%) = ("™ 4100 (6) or Yield (%) = (“2"2)« 100 (7)
i i

With : TUy, final turbidity in NTU ; TU;, initial turbidity in NTU ; Ab;, initial absorbance ; Aby, final absorbance

The data collected from these domestic water analyzes were inserted and processed with the EXCEL 2016 software.
The clarified water analysis curves are constructed according to the treatment rates.

3. Results and discussion

3.1. Highlighting the metabolites of soursop seeds

The results of the Highlighting of the metabolites are presented in Figure 1 and Table 1. The observation of the
chromatograms at 365 nm showed two blue fluorescent spots (Rf: 0.81) after revelation with Neu and AICl3, in the MEC
and ethanolic extracts of the integuments (Figure 1a and 1b). These spots are characteristic of polyphenols, in particular
phenolic acids [33]. On the other hand, Figure 1c shows a single brown colored spot (Rf : 0.81) of the compounds from
the soursop seed extracts after exposure with FeClz. This color is characteristic of the presence of tannins in the ethanolic
extract of the integuments of these seeds [33]. However, no characteristic stains of these polyphenols were observed in
the other extracts obtained from these seeds. These results are consistent with those in the literature which show that
these seeds contain several compounds including flavonoids and tannins [41, 42]. These compounds are also present in
different parts of soursop [20, 21, 43-47]. In addition, the chromatographic profile of the hexane and chloroform extracts
of these seeds revealed, with antimony chloride and UV 365 nm, the presence of blue and red spots characteristic of
terpenes and sterols in these seeds (Figure 1d, Table 1a) [33]. These results of these metabolites are validated by data
from the soursop literature obtained in several countries [42, 43, 48, 49].

Observation of the chromatogram (Figure 1e) showed gray spots after development with Molish reagent and heating
(Table 1b). These spots are comparable to carbohydrates, when compared with that of the carbohydrate taken as a
control. We note a strong dominance of these compounds in the ethanolic extract of these almonds. The presence of
carbohydrates in these almonds is confirmed by the work carried out by Ranisaharivony (2015) which highlighted
maltose and glucose in the aqueous extract of the almonds from the seeds of the Madagascar soursop [17].

The presence of brown and purple spots after development with manganese chloride and heating illustrate the
chromatographic profile of vegetable oil obtained from these soursop seeds (Figure 1f, Table 1c). These colors are
characteristic of the lipids in comparison with those of sunflower oil (control L1) and castor oil (controls L2). These
results on the lipids of the almonds and the integuments of these seeds confirm those found by Ranisaharivony (2015)
in Madagascar and by Inkalaba and al. (2023) in Democratic Republic of Congo which revealed the presence of lipids in
soursop [17, 43]. However, Ranisaharivony B. (2015) identified triglycerides and annonacin (a toxic acetogenin
molecule) in the oil and dichloromethane extract of soursop organs [17]. Nowadays, the activities of interest of the lipids
and the annonacins of these seeds are multiple because these chemical constituents are used in the production of
biofuels and have several biological activities [19, 42, 46-48, 50].

The visible observation of orange and brown spots on the chromatogram obtained after development with ninhydrin
and heating of the TLC plates indicates the presence of nitrogen compounds characteristic of proteins in these extracts
(Figure 1g, Table 1d) [33]. These compounds are present in the ethanolic and aqueous extracts of almonds and absent
in the integuments of soursop seeds. These results confirm those found by Ranisaharivony (2015) in Madagascar and
by Inkalaba and al. (2023) in Democratic Republic of Congo which had highlighted nitrogen molecules (amino acids or
proteins) in the aqueous extract of these almonds of soursop seeds [17, 43]. In addition, literature data prove that
soursop seeds contain proteins with significant contents [19, 42, 47, 48, 50].

These results show that soursop seeds are rich in nitrogen compounds (proteins or amino acids in particular) and lipids.
These seeds also contain chemical constituents (sugars, polyphenols, terpenes and sterols) of nutritional and medicinal
interest.

3.2. Chemical constituents contents of soursop seeds

The results obtained from drying show that these soursop seeds contain 32.88 % water and volatile compounds. The
average ratio obtained from the separation of the almonds and the integuments of these seeds is 01.61. The water and
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volatile compounds content (32.88 %) obtained after drying the soursop seeds is higher than that (29.90 %) obtained
by Ranisaharivony in Madagascar [17]. The incineration of these seeds gives 00.97 % of the ashes (mineral constituents)
of which its almonds and its integuments have the respective contents of 00.60 % and 00.37 % compared to the seeds.
Which shows that these seeds are mainly made up of organic compounds at a content of 66.15 %. In addition, vegetable
oil (lipids) has a content of 30.56 % in 66.15 % of the organic compounds present in these soursop seeds. These lipids
are more concentrated in its almonds (29.51 %) than in its integuments (01.05 %) of these seeds. This oil content
obtained of these Congolese soursop is better than that obtained (25.10 %) by Ranisaharivony on oils extracted from
Madagascar soursop and low than that (40 + 0.82 %) published by Attanayake and al. [17, 47]. This variation in oil
content could be due to the nature of the soil, climate, variety of fruits, ripening phase, harvest period, extraction solvent
and drying temperature, etc.

These results of quantification of the chemical constituents of soursop seeds prove that these seeds also contain other
organic compounds at a content of 35.59 %. This data could be due to the dominance of proteins, amino acids,
carbohydrates or starch in these seeds [17, 43].

a) Flavonolds and b) Flavonolds and
phcnolic acids phenolic acuds ¢) Tunming d) Terpenes and sterols

3A 4A SA 3T 4T 5T 3A 4A SA 31 1A "\ 3T 4T 51

¢) Carbohvdrates ) Lipids g) Nitrogen compounds

| " ].
e N 8 -3 -~

3A 4A SA ST 4T *TG IA\A.A IT ST2T L1 12 3A 4A SA 37 4T 5T

Figure 1 Chromatograms of chemical constituents of soursop seeds

a) Eluent : CHCl; /AcOEt/EtOH (V/V/V : 2/5/3), Developer : NEU/PEG400, Observation : UV 365 nm ; b) Eluent : CHCls/AcOEt/EtOH (V/V/V :
2/5/3), Developer : AlClz, Observation : UV 365 nm ; ¢) Eluent : CHCl3 /AcOEt/EtOH (V/V/V :2/5/3), Developer : FeCls, Observation : Visible ;

d) Eluent: Hexane/Acetone (V/V: 10/2), Developer : SbCls, Observation : UV 365 nm ; e) Eluent: AcOEt/HCOOH/H-0 (V/V/V:6/1.5/1.5), Developer
: Molish reagent + heating, Observation : Visible; f) Eluent : Hexane/Acetone (V/V: 10/2), Developer : MnCl; + Heating, Observation : Visible ;

g) Eluent : AcOEt/HCOOH/H20 (V/V/V: 6/1.5/1.5), Developer : Ninhydrin + heating, Observation : Visible.

1A : Hexanic extract of almonds, 2A : Chloroform extract of almonds, 3A : MEC extract of almonds, 4A : Ethanolic extract of almonds, 5A : Aqueous
extract of almonds, 1T : Hexanic extract of the integuments, 2T : Chloroform extract of the integuments, 3T : MEC extract of the integuments,

4T : Ethanolic extract of the integuments, 5T : Aqueous extract of the integuments, G : Glucose, L1 : Sunflower Oil and L2 : Castor Oil.

Table 1 Frontal ratios and colors of chemical constituents of soursop seeds

a) Terpenes and sterols c) Lipids d) Nitrogen compounds
Extract | Rf Color Extract | RF Color Extract | RF Color
0.43 | Brown 0.58 | Brown 0.70 | Brown
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2A 0.13 | Violet 1A 0.16 | Violet 0.60 | Brown

0.47 | Blue 0.07 | Brown A 0.50 | Brown

1T 0.30 | Blue 0.88 | Brown 0.40 | Orange

0.15 | Blue 1T 0.67 | Brown 0.31 | Orange

T 0.51 | Brown 0.19 | Violet 0.25 | Orange

0.30 | Violet 0.14 | Brown 0.70 | Brown

T 0.76 | Brown 5A 0.60 | Brown

b) Carbohydrates 0.19 | Violet 0.40 | Orange

Extract | Rf Color 0.89 | Brown 0.31 | Orange
3A 0.14 | Grey L1 0.73 | Brown
A 0.14 | Grey 0.23 | Brown
0.08 | Grey 0.05 | Brown
G 0.22 | Grey 0.22 | Brown
b2 0.08 | Brown

3.3. Evaluation of the coagulant activity of soursop seeds

Figures 2 to 9 illustrate the photos of samples of the raw wastewaters with turbidities 160 and 259 NTU and the water
clarified by the different coagulating solutions obtained of the extracts of soursop seeds. Figures 5 and 7 show the
variation in turbidity and absorbance as a function of different rates of treatment with coagulant solutions obtained of
almond powders from these seeds.

Figure 3 shows the quality of raw wastewater with turbidity 259 NTU treated with the solution of the vegetable oil
obtained from soursop seeds. Despite the low miscibility of oils in water, this vegetable oil contains water-soluble
organic compounds. These compounds increase the turbidity of this wastewater after treatment. It is important to note
that these chemical constituents (lipids) must be eliminated in these seeds because their compounds greatly increase
the turbidity of the treated water.

The change in wastewater turbidity from 259 to 11.90 NTU after treatment with the solution obtained of almond
powders of these soursop seeds in 30 minutes of settling shows a strong reduction in turbidity with a removal efficiency
of colloids or suspended matter of 95.40 % at an optimal dose of 4800 mg powder/L (Figure 5).

The variation in the turbidity of domestic wastewater from 160 to 3.87 NTU after treatment with the solution obtained
of almond cakes of these seeds in 30 minutes of decantation shows a very strong decrease in turbidity with a rate of
reduction of colloids and/or materials in suspension of 97.58 % at an optimal dose of 3200 mg powder/L (Figure 7).
This significant turbidity value obtained after treatment of wastewater with this solution obtained of these almond
cakes could be explained by the elimination of lipids in these seeds which increase the availability of other coagulating
substances in this solution.

We note that the turbidities, absorbances and treatment rates obtained after treatment of domestic wastewater with
the solution these almond powders are less significant than that obtained with the solution of ferric chloride taken as
the reference coagulant (3,82 NTU) at a dose of 1600 mg powder/L. However, the treatment of this domestic
wastewater with the solution obtained of its almond cakes improves these treatment parameters which present results
similar to those obtained in 30 minutes with this solution of ferric chloride.

The visible observation of Figure 8 obtained after treatment of wastewater with the solution obtained of integument
powders of these seeds in 30 minutes of decantation shows that the addition of different doses of this coagulating
solution caused a slight reduction in the turbidity of the wastewater sample. However, the addition of different doses of
solutions of almond and integument ashes did not cause any reduction but rather a slight increase in the turbidity of the
raw water samples after treatment in 30 minutes (Figure 9).
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In view of these results, it follows that the soursop seeds do indeed have a coagulating activity in the clarification of
domestic wastewater, because a reduction in turbidity particularly with its almonds is observed. This clarifying activity
of wastewater is more remarkable with almond cakes and not with other constituents of soursop seeds. Which explains
that this activity is preferentially due to the organic constituents contained in its almonds, namely carbohydrates,
proteins, amino acids or starch [15].

Also, the turbidity value (3.87 NTU in 30 minutes) of water clarified by the almonds of this plant seeds is also close to
those obtained by Andréameva in Madagascar on Moringa seeds (4.10 NTU) [16].

These results prove that these almond cakes have an elimination rate of colloids or suspended matter of 97.58 % at a
dose of 3200 mg powder/L, a value close to that (98.52 %) expressed by ferric chloride at a dose of 1600 mg powder/L.
The residual turbidity values obtained in this work are in accordance with the turbidity value recommended by the
WHO for drinking water which should be less than or equal to 5 NTU [3, 4].

To our knowledge, there is no document in the literature relating to the coagulant activity of soursop seeds on water
clarification. It is therefore important to know the level and composition of organic or inorganic compounds carried by
these seeds in the treated water before any reuse such as drinking water.

2a) 2b)

Figure 2 Domestic raw water samples Figure 3 Sample of 259 NTU treated with the

solution obtained of vegetable oil from soursop

2a) Sample of wastewater 259 NTU,
seeds

2b) Sample of wastewater 160 NTU.

Figure 4 Sample of domestic wastewater of 259 NTU treated with the solution obtained of almond powders from
soursop seeds
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Figure 5 Variation in turbidity and absorbance of domestic wastewater 259 NTU as a function of treatment rates of
solution obtained of almond powders in 30 min of decantation

Figure 6 Sample of domestic wastewater of 160 NTU treated with the solution obtained of almond cakes from
soursop seeds
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Figure 7 Variation in turbidity and absorbance of domestic wastewater 160 NTU as a function of treatment rates of
solution obtained of almond cakes in 30 min of decantation
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Figure 8 Sample of domestic wastewater of 160 NTU treated with the solution obtained of integument powders from
soursop seeds

EBT: Samples of raw water treated with the solution of integuments from soursop seeds

Figure 9 Sample of domestic wastewater of 160 NTU treated with the solutions obtained of almond and integument
ashes from soursop seeds

EBAC: Raw water samples treated with the solution obtained of almond ash, EBTC: Raw water samples treated with the solution obtained of
integument ash.

4. Conclusion

This work focused on the identification of chemical constituents with coagulant properties of Annona muricata L.
(Soursop) seeds in the treatment of domestic wastewater. The results obtained revealed the presence of carbohydrates,
proteins, lipids, terpenes and sterols in almonds and integuments ; flavonoids and tannins in the integuments of these
soursop seeds. These seeds presented high contents of organic compounds (66.15 %) as well as mineral compounds
(00.97 %) and volatile compounds (32.88 %). It is noted that these soursop seeds contain 30.56 % lipids. These results
prove that these seeds also contain other organic compounds at a content of 35.59 %. These compounds could be
proteins, amino acids, carbohydrates or starch.

The evaluation of the clarifying activity of soursop seeds on domestic wastewater samples with turbidities of 160 and
259 NTU showed that these seeds have a removal rate of colloids and/or suspended matter of 95.40 % with its almond
powders and 97.58 % with its almond cakes at respective doses of 4800 mg powder/L and 3200 mg powder/L in 30
minutes.

It is important to note that to our knowledge, the indications given on the activity of clarifying wastewater by soursop
seeds have not yet been the subject of scientific work making it possible to identify the compounds responsible for this
activity. However, before using these seeds, it is therefore important to extract the oil from these seeds because it
contains compounds that increase turbidity. This separation of vegetable oil from the almonds cakes improves the
clarifying activity of domestic wastewater.

Compliance with ethical standards

Acknowledgements

This work was carried out thanks to a grant from UNESCO-TWAS and the Swedish International Development
Cooperation Agency (Sida in french). The views expressed here do not necessarily represent those of UNESCO-TWAS,

2028



World Journal of Advanced Research and Reviews, 2024, 24(02), 2020-2031

Sida or its Board of Governors. We would like to thank all members of Plant and Life Chemistry Unit (UC2V in french)
and the National School of Fine Arts (Brazzaville-Congo) for contributing to the production of work.

Disclosure of Conflict of interest

The authors declare that they have no conflict with any third party.

References

[1]

[11]

[12]

[13]

[14]

Nichane M. Changements climatiques et ressources en eau en Algérie : vulnérabilité, impact et stratégie
d’adaptation. Revue des Bio Ressources. 2014 ; 4(2) : 1-7.

Tchoumou M, Kami-Ouako M, Gampio Mbilou U, Ossebi JG. Comparative study of physicochemical parameters of
water of four waterways in the town of Brazzaville, Republic of Congo). Larhyss Journal. 2017; 29 : 61-74.

WHO. Directives OMS pour l'utilisation sans risque des eaux usées, des excréta et des eaux ménageres. Volume
I : utilisation des eaux usées en agriculture, Organisation Mondiale de la Santé ; 2017.

WHO. L’utilisation des eaux usées en agriculture et en aquiculture : recommandation avisées sanitaires.
Geneve. Organisation Mondiale de la Santé ; 2017.

Bouchaala L, Charchar N, Gherib AE. Ressources hydriques : traitement et réutilisation des eaux usées en Algérie.
Algerian Journal of Arid Environment. 2017 ; 7(1) : 84-95.

Degrémont. Mémento technique de I'eau. Lavoisier SAS. 10¢ édition, Tome 2 ; 2005.
Rodier ], Merlet N, Legube B. Analyse de I'eau. Paris, 9¢me édition, Dunod ; 2009.

Ntalani H, Ngouanou RD, Makomo H, Elouma Ndinga AM, Boungou-Tsona G, Loumouamou AN, Mouloungui Z,
Ouamba J-M. Etudes comparatives de la composition chimique et de l'activité coagulante des graines de
Cucumeropsis mannii Naud., Arachis hypogaea L. et Moringa oleifera Lam. dans la clarification des eaux de surface.
Journal of Applied Biosciences. 2020 ; 145 : 14974-14984.

Desjardins C. Simulation et étude en laboratoire de la floculation lestée (artiflot) a I'aide d’'une procédure modifiée
de jar test. Mémoire de maitrise, Ecole polytechnique de Montréal, Canada ; 1999.

Ntalani H, Tchikoue CDB, Elouma Ndinga AM, Ngouanou RD, Bassinga Moussounda LM, Kanga C, Ndouma
Boukoulou FO. Seeds of Citrullus lanatus (Thunb.) Matsum. & Nakai, Vigna unguiculata (L.) Walp. and Zea mays
L.: Chemical Characterization of the Coagulating Solutions. Current Journal of Applied Science and Technology.
2021;40(42): 22-35.

Hartani T. La réutilisation des eaux usées en irrigation : cas de la Mitidja en AliHammani, Marcel Kuper, Abdelhafid
Debbarh. Séminaire sur la modernisation de I'agriculture irriguée, IAV Hassan II, Rabat, Maroc ; 2005.

Cardot C. Les traitements de I’eau pour I'ingénieur, procédés physico-chimiques et biologiques. Ellipses Editions
Marketing S.A. Paris ; 2010.

Andriameva JF. Utilisation des poudres d’amande des graines de Moringa oleifera et de Moringa Drouhardii
activées pour le Traitement des eaux. Mémoire de Master. Université d’Antananarivo, Madagascar ; 2016.

Bekouche H, Belnasra OK, Boulahya K. Traitement microbiologique des eaux usées de la ville d’Adrar par les grains
de Moringa oleifera. Mémoire de Master, Université d’Adrar, République Algérienne Démocratique et Populaire ;
2016.

Mazaoui SN. Contribution a I'étude de quelques protéines du Moringa oleifera impliquées dans I’épuration des
eaux usées. Mémoire de Master, Université des Fréres Mentouri Constantine 1, République Algérienne ; 2020.

Ratsimbazafy RDM. Les vertus de Annona muricata Linné ou Corossolier (Annonaceae). Mémoire de
Master, Université de Mahajanga, Madagascar ; 2011.

Ranisaharivony B. Valorisation des graines de corossol (Exemple d’écologie industrielle). These de Doctorat,
Université d’Antananarivo. Madagascar ; 2015.

Zine S. Le corossol (Annona muricata L.) et ses propriétés thérapeutiques : état des lieux. Thése de
Doctorat, Université Grenoble Alpes, France ; 2018.

Patil HV, Dhankani MA, Dhankani AR. A Review on Marvel Fruit: Annona muricata. Med. Sci. Forum. 2023 ; 21(26)
:1-9.

2029



World Journal of Advanced Research and Reviews, 2024, 24(02), 2020-2031

Adeoti OA, Alabi AO, Elutilo 00 and Adedokun SO. Nutritional, Antioxidant and «-Amylase Inhibitory Properties
of Cracker Biscuits from High Quality Cassava and Soursop (Annona muricata) Seed Flours. Asian ]. Food Res.
Nutri. 2024; 3(2) : 219-231.

Adeoti OA, Alabi AO, Elutilo 00, Adedokun SO. Oral Safety Evaluation of the Aqueous Fruit Extract of Annona
Muricata in Wistar Rats. AN]JS. 2024 ; 27(1) : 86-107.

Solis-Fuentes JA, Hernandez-Medel MdR, Duran de-Bazua MdC. CHAPTER 124-Soursop (Annona muricata L.)
Seeds, Therapeutic and Possible Food Potential. Nuts and Seeds in Health and Disease Prevention. 2011; 1045-
1052.

Le Ven ]. Contribution a l'étude du lien entre Annonaceae et Parkinsonismes : identification et quantification
d’acétogénines par déréplication ; métabolisation de phase I et approche de la distribution de I'annonacine. Thése.
Université Paris-Sud 11, France ; 2013.

Moreaua D, Huchot E, Gazaille V, Rossanaly-Vasram R, Andre M. Automédication par Annona muricata L.
(corossol) a visée anticancéreuse a la Réunion. Revue des maladies respiratoires. 2017 ; 35 : 948-955.

Chia-Hung S, Hoang Chinh N, Uyen Khanh P, My Linh N, Horng Yi ]. Biodiesel Production from a Novel Nonedible
Feedstock, Soursop (Annona muricata L.). Seed Oil Energies. 2018 ; 11(2562) : 1-11

Alzeir MR, Sousa Silva AA, Carneiro Pinto CC, Lima dos Santos D, Carneiro de Freitas ]JC, Pessoa Martins VE, Maia
de Morais S. Larvicidal and Enzymatic Inhibition Effects of Annona Muricata Seed Extract and Main Constituent
Annonacin against Aedes Aegypti and Aedes Albopictus (Diptera: Culicidae). Pharmaceuticals. 2019 ; 12(112) :1-
12.

Gbonsou IA, Badjréhou BR, Gbewonmédéa DH, Medéhouénou TCM, Edorh PA. Connaissances ethnobotaniques
du Corossolier (Annona muricata L.) au Sud du Bénin. Journal of Animal & Plant Sciences. 2020 ; 44 (3) : 7727-
7744.

Lépez-Romero BA, Luna-Barcenas G, Garcia-Magana MdL, Anaya-Esparza LM, Zepeda-Vallejo LG, Loépez-Garcia
UM, Ortiz-Basurto RI, Aguilar-Hernandez G, Pérez Larios A, Montalvo-Gonzalez E. Extraction of Acetogenins Using
Thermosonication Assisted Extraction from Annona muricata Seeds and Their Antifungal Activity. Molecules.
2022 ;27 (6045) : 1-18.

Pedro da Silva ], Basilio Junior ID, Mendonc¢a de Morais FE, Nascimento de Aratjo AM, Do Nascimento TG, Da
Costa Silva 'V, De Freitas JD, Rodrigues de Lima LA, Predes Trindade RC. Microencapsulation of Annona muricata
L. seed extract for the control of Plutella xylostella. Biocatalysis and Agricultural Biotechnology. 2024 : 103154.

Lépez-Martir KU, Ulloa JA, Urias-Silvas JE, Ulloa PR, Ramirez-Ramirez ]C, Resendiz-Vazquez JA. Modification of
the physicochemical, functional, biochemical and structural properties of a soursop seed (Annona muricata L.)
protein isolate treated with high intensity ultrasound Itrasonics. Sonochemistry. 2024 ; 105 : 106870

Association francaise de normalisation (AFNOR). Recueil des normes francaises. Corps gras, graines
oléagineuses, produits dérivés. 5¢édition, AFNOR, Paris ; 1993.

African Food Tradition revisited by Research (AFTER). Methodology for the development of SOPs for this
deliverable. SOPs for chemical analysis for Group 3. SOP: Chem-ExtPlantes-01 (G.A n°245025)-Deliverable D.
1.2.3.10; 2011.

Wagner H, Bladt S. Plant Grug Analysis. Springer-Verlag Berlin Heidelberg Gmbh ; 1996.

Travaux Pratique (TP) Biochimie N°03. Séparation et identification de glucides par chromatographie sur couche
mince (CCM). [cited 2023 june 02]. Available from http://stl.bgb.liberte.free.fr/bioch_protoc/TP_03_TSTL.pdf

Wang, Z. and Benning, C. (2011) : Arabidopsis thaliana Polar Glycerolipid Profiling by Thin Layer
Chromatography (TLC) Coupled with Gas-Liquid Chromatography (GLC). JoVE.: 49(49) : 1-6.

Fatombi JK, Jossé RG, Wotto V, Aminou T, Coulomb B. Parametres physico-chimiques de 1'eau d'Opkara traitée
par les graines de Moringa oleifera. Journal-Société Ouest Africaine de Chimie. 2007 ; 23 : 75-79.

Kabore A, Savadago B, Rosillon F, Straore A, Dianou D. Optimisation de l'efficacité des graines de Moringa
oleifera dans le traitement des eaux de consommation en Afrique sub-saharienne : cas des eaux du Burkina
Faso. Journal of Water Science. 2013 ; 26 : 209-220.

Meenakshi M, Manjunatha BM, Manjunath NT. Performance Assessment of Moringa oleifera in Clarification of
Surface Water. International Journal of Science. Engineering and Technology Research. 2015; 4 : 2342-2345.

2030


https://www.sciencedirect.com/science/book/9780123756886

[49]

[50]

World Journal of Advanced Research and Reviews, 2024, 24(02), 2020-2031

Berland JM, Boutin C, Molle P, Cooper P. Procédés extensifs d’épuration des eaux usées. Office des publications
des communautés européennes, Luxemburg, 2001.

Hadj-Sadok ZM. Modélisation et estimation dans les bioréacteurs ; prise en compte des incertitudes : application au
traitement de I'eau. Thése de doctorat. Université de Nice Sophia Antipolis, France ; 1999.

Abdul Wahab SM, Jantan I, Haque MA, Arshad L. Exploring the Leaves of Annona muricata L. as a Source of
Potential Anti-inflammatory and Anticancer Agents. Front. Pharmacol. 2018, 9(661) : 1-2.

Santos IL, Manoel da Cruz RA, Amante ER, Meller da Silva LH. Soursop (Annona muricata) Properties and
Perspectives for Integral Valorization. Foods. 2023 ; 12(1448) : 1-30.

Inkalaba G, Londanda, Kubenga M, Nzingula O, Misengabu N, Luvandu M, Duki A, Kule-Koto K. Evaluation of the
Nutritional Value and Acute Toxicity of the Seeds of the Fruit of Annona muricata L. (Sursop) Consumed in
Kinshasa. Journal of Biosciences and Medicines. 2023 ; 11 : 265-274.

Yen VD, Quynh NTL, Nguyen HN, Ngoc DV, Nhi TYT, Bay NT, Thi Tuu T, Long GB, Tan PD. Assessment of the
changes in product characteristics, total ascorbic acid, total flavonoid content, total polyphenol content and
antioxidant activity of dried soursop fruit tea (Annona muricata L.) during product storage. Food Sci Nutr. 2024 ;
12:2679-2691.

Ezerioha CC, Onyejiaka IC, Onuoha CH, Iruomachukwu AF, Shedrach DC, Chukwudubem MA. Bioactive
phytochemicals in Annona muricata fruit juice ethanol extract. GSC Biological and Pharmaceutical Sciences. 2024;
26(02): 017-023.

Ferreira GG, Quaresma ACS, Branddo DLdAN, Marinho AMdR, Siqueira JEdS, Correa KL, Silva-Janior JOC, Percario
S, Dolabela MF. Evaluation of Genotoxicity and Toxicity of Annona muricata L. Seeds and In Silico Studies.
Molecules. 2023 ; 28(231) : 1-16.

Attanayake P, Rupasinghe D, Gamage A, Madhujith T, Merah O. Chemopreventive Potential of Oils Extracted from
Seeds of Three Annona Species. Seeds, 2024 ; 3: 105-122.

Zorofchian MS, Fadaeinasab M, Nikzad S, Mohan G, Mohd AH, Abdul KH. Annona muricata (Annonaceae) : A
Review of Its Traditional Uses, Isolated Acetogenins and Biological Activities. Int. J. Mol. Sci. 2015 ; 16 : 15625-
15658.

Fakunle PB, Ehiremen S, Odubela K, Bamgbose K. Assessment of Protective Roles of Aqueous Seed Extract of
Sour-Sop (Annona muricata) in Cerebellum Following Cadmium-induced Neurotoxicity of Adult Wistar Rats.
Asian J. Res. Med. Pharm. Sci. 2024 ; 13(1) : 9-20

Zubaidi SN, Mohd Nani H, Ahmad Kamal MS, Abdul Qayyum T, Maarof S, Afzan A, Mohmad Misnan N, Hamezah
HS, Baharum SN, Mediani A. Annona muricata : Comprehensive Review on the Ethnomedicinal, Phytochemistry,
and Pharmacological Aspects Focusing on antidiabetic Properties. Life. 2023 ; 13(353) : 1-29.

2031



