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ABSTRACT

The needles of the Aleppo pine (Pinus halepensis) (PA) are very abundant in the forest of the National Park
of Tazekka (Ta-za-Morocco) and are unexploitable. Moreover, they constitute a potential danger because they
facilitate the outbreak of wildfires. To solve this problem, we have considered turning these needles into a bio-
material that could be used as raw material for different uses, such as wastewater treatment. The biomaterial of
the Aleppo pine is obtained from its needles which are harvested in spring, dried, cut, crushed, and sieved. The
powder obtained is analyzed before and after the extraction of essential oil. The physicochemical and spectro-
scopic analyses show that this biomaterial is porous, hygroscopic, slightly acidic, moderately moist, and not very
conducive. Its average density in the anhydrous state is 0.6. It is rich in carbon (79.91%) and oxygen (18.91%)
in the form of aromatic compounds and ketone imprints; thus, relating the presence of cellulose, pectin, lignin,
and hemicellulose. Its composition in mineral elements (Na, Mg, Ca, K, Cl, S) is deficient. Gas chromatography-
mass spectrometry (GC-MS) analysis of the oils extracted from the needle powder relates that it is a complex
mixture of bioactive compounds such as mono-terpenoid o and B-pinene hydrocarbons. These results show that
our biomaterial can be used as an adsorbent in wastewater treatment and the extracted essential oils can be used
in the pharmacological, agro-food field.

Keywords: Aleppo pine needles; physicochemical and spectroscopic characterization; adsorbent; biomaterial;
essential oil.

INTRODUCTION

Biomaterials science is a constantly expand-
ing area of research, encompassing a wide range
of knowledge in different medical, industrial, and
biological areas (Morris, Backeljau, and Chapelle
2019; Tamayo-Angorrilla et al. 2021; Deng et al.
2022). Due to many economic and environmen-
tal requirements, the industry is increasingly in-
terested in the materials (Chegdani et al. 2017).
Plant fiber reinforced materials are a current area
of interest in composites research (Miraoui and
Hassis 2012). It’s involving the development
of plastic products from lignocellulosic fiber

reinforced composites (Asyraf et al. 2022). Re-
cent advances in natural fiber-based composites
have minimized usage of synthetic fibers, which
are detrimental to the environment due to their
slow degradation, especially in structural applica-
tions such as aircraft stiffeners and rotor blades
(Arumugam et al. 2022). We also mention the
preparation of polysaccharide nanocomposites in
the context of their potential use as food packag-
ing materials, which have shown an antimicrobial
effect that can provide food protection conditions
(Pal et al. 2021). In general, composites with nat-
ural fiber reinforcements were high potential ma-
terials, offering many advantages over traditional
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inorganic materials based on glass fibers or min-
erals, including lower cost, lower density, envi-
ronmental impact, and many technical applica-
tions (Elouaer 2011). The reinforcing materials
used as composite materials are diverse, such as
particles and fibers, i.e., steel, aramid, carbon,
glass, wood, and natural or cellulosic fibers. In
recent years, the increasing global focus on en-
ergy consumption in the building sector has led to
an interest in the use of materials of natural origin
(Niyasom and Tangboriboon 2021) consisting of
natural fibers from annual plants or agricultural
or agro-industrial residues (Saad 2013). Indeed,
the development of a biomaterial must consider
its abundance and meet the pillars of sustainable
development. In our case, we chose the needles
of the Aleppo pine (Pinus halepensis) which
grows in the park of Tazekka known for its flo-
ral diversity. Unfortunately, it is exposed to fires,
especially in July and August. The senescence of
Aleppo pine needles may increase the probabil-
ity of crown fire development at the beginning of
the fire season and could partly explain the con-
centration of fire activity in early July (Balaguer-
Romano et al. 2020). To address this problem, we
collected these needles and valorized them after
performing a characterization to find possible
uses for this material.

The Aleppo pine is a conifer of the genus
Pinus belonging to the Pinaceae family. It is
found mainly in North Africa and Spain (Najat
Assem, Latifa El hafid, and Fatima Lamchouri
2018). It plays an ecological and economic role
in low and medium-altitude Mediterranean re-
gions. Furthermore, this species is well adapted
to dry summer conditions and successfully colo-
nizes abandoned arable land and burned areas
(Deng et al. 2022).

In Morocco, Aleppo pine covers an area of
65,000 hectares, spread over the Mediterranean
slope of the Rif, the central Middle Atlas, and
some valleys of the High Atlas (Simén et al.
2021). At the level of the Middle Atlas southwest
of the city of Taza -Fez-Meknes-Morocco Re-
gion, is located the Tazekka National Park (cre-
ated in 1950) that hosts several floristic species

including the Aleppo pine. Indeed, the Tazekka
pine is the most widespread and well-known res-
inous plant on the whole Mediterranean contour
(Saad et al. 2014).

Several derivatives from the Aleppo pine are
used as raw materials in different fields. For ex-
ample, the resin is used to manufacture paints and
rubbers, perfumes for cleaning products, phar-
maceutical industry. Pine nuts are exploited in
the culinary field, entering many Mediterranean
recipes (Najat Assem, Latifa El hafid, and Fatima
Lamchouri 2018). While the wood is of poor qual-
ity (abundance of knots, poor shape of the barrel,
low natural durability, resin pocket, etc.), often
used in the field of construction and as a source of
energy by the local population. The latter use can
be performed by pallets and pellets manufactur-
ing (Elaieb et al. 2019). Moreover, pine sawdust
and charcoal from pine sawdust, are used in the
manufacture of porous clay bricks, characterized
by their lightness (Simon et al. 2021). The bark of
Aleppo pine is used in formulations of glues for
wood (Saad et al. 2014). While the persistent nee-
dles of Aleppo pine are not yet exploited. In ad-
dition, active (AC-PW) and inactive (C-PW) car-
bonaceous materials are prepared from the fruit
shell of Brazilian pine and used as adsorbents of
dyes and some heavy metals from aqueous efflu-
ents (Calvete et al. 2010).

In this last field, several works have focused
on the choice of an adsorbent that meets the cri-
teria of efficiency, stability in the environment,
regeneration, and low investment cost especially
when it comes to the removal of heavy metals
(Zhu et al. 2019; 2022). Our laboratory has test-
ed several adsorbents based on natural materials
such as the use of snail shells for the removal of
copper from aqueous solutions and the production
of valuable compounds (Ouafi, Asri, et al. 2021),
the exploitation of powder from pinecones for the
removal by adsorption of copper ions from water
(Ouafi, Omor, et al. 2021) and the use of sawing
for the treatment of heavy metals from contami-
nated wastewater (Ouafi et al. 2017).

To find integrative solutions to the risks of
forest fires that could be triggered by Aleppo pine
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Figure 1. Aleppo pine needles

42



Journal of Ecological Engineering 2023, 24(1), 41-50

needles and because of our laboratory’s work in
the field of water treatment, we have chosen to
characterize Aleppo pine needles (Fig. 1) to pre-
dict whether they can play the role of a biomate-
rial in this field.

The works on this biomaterial are very scarce,
and the problem of the fires does not stop worsen-
ing, especially with the climatic change. There-
fore, this work is an orientation of the interest of
the local researchers toward this biomaterial. It’s
consisting of a physicochemical characteristics
study of the Aleppo pine needles powder before
and after extraction of essential oils for further
use in one of the aforementioned areas.

MATERIALS AND METHODS

Supply of plant material

In this work, the plant material needles of
Aleppo pine tree (AP) (Fig. 3¢) are collected in
spring, from the park Tazekka, in Taza-Region
Fez-Meknes (Morocco) (Fig. 2). This area is
classified as a warm, summer Mediterranean cli-
mate according to the Koppen-Geiger climate

classification. The annual mean precipitation is
563 mm, and the mean annual temperature is 17.9
°C/64.3 °F (Mahmoud et al. 2021).

Physical preparation of plant material

The Aleppo pine needles (Fig. 3b) were air-
dried for one week and then dried in the oven
at 37 °C, cut manually and then ground with a
blender to a particle size of less than 1 mm. The
powder obtained (Fig. 3a), sieved through a sieve
with a mesh diameter equal to 1 mm, constitutes
the biomaterial studied (AP)

Biomaterial characterization method (AP)

Physicochemical analysis

The AP material was characterized by mea-
suring physicochemical parameters (Ph, electri-
cal conductivity EC, density, organic matter CO,
total nitrogen Kjeldahl NTK, Phosphorus, some
metallic elements; Fe, Mn, Mg,...).

The humidification rate was analyzed accord-
ing to ISO 11465 (1993). The hydrogen potential
was measured with a pH meter type HANNA.
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Figure 2. Geographic location of Tazekka Park (Johnson et al. 2020; Hjouji et al. 2021)

Figure 3. Preparation of the biomaterial (Aleppo pine) (a) Aleppo pine tree, (b) needles, (c) sieved powder
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The preparation of the solution for the measure-
ment of the electrical conductivity was carried out
according to the standard ISO10390 (2005). This
measurement was done with a conductivity meter
type HANNA EC 214. The density was evaluated
using a pycnometer following ISO 18753-2017.
The organic matter was analyzed by calcination
using a muffle furnace type Barnstead Ther-
molyne 1400 °C, according to the Walkley meth-
od by applying the standard ISO 14235-1998.
The mineral matter and the total organic carbon
were deduced from the organic matter according
to the NF EN 13039-2011 standard. The determi-
nation of the total Kjeldahl nitrogen (TKN) took
place using a distiller type selecta nitro-pro, ac-
cording to ISO 11261-1995. The metal elements
were analyzed by the inductively coupled plasma
technique (ICP-AES) after mineralization of the
solid sample to put it in a solution.

Spectroscopic analysis of the biomaterial (AP)

We analyzed the biomaterial AP by X-ray
spectroscopy (XRD), infrared spectroscopy
(FTIR), and scanning electron microscopy (SEM)
associated with energy X-ray detection (EDS)
type Quanta-200. We analyzed the powder of
Aleppo pine needles by SEM before and after the
essential oil extraction.

Method of extraction of the essential
oil from the biomaterial AP

We performed the extraction of the essential
oil by steam entrainment using hydro distillation.
After placing 500 g of AP biomaterial in a flask
with one liter of distilled water for 4 hours, we
brought the system to boiling point by heating
it until the distillate was completely clear. The
resulting extract was passed through anhydrous
sodium sulfate (Na,SO,) to remove traces of wa-
ter, and then we collected it in an amber-colored
bottle away from light to avoid rapid oxidation
and stored it in a refrigerator at 4 °C for later use
(Hjouji et al. 2021).

We determined the essential oil chemical
composition by gas chromatography coupled

with mass spectrometry (GC/MS), as we did in
our previous work (Hjouji et al. 2021)

RESULTS AND DISCUSSION

Identification of the AP biomaterial

Physicochemical characterization

The biomaterial is less dense, acidic in char-
acter, weakly conductive, composed of a few me-
tallic elements in the decreasing order Na < Ca
< Mg< K< Al< Zn< Fe (Table 1). Its humidity
of about 41.06% indicates that it is porous with
considerable hygroscopic capacity.

Spectroscopic characterization
Infrared spectrometry

Infrared spectroscopy performed for the
biomaterial AP (Fig. 4) showed the presence of
peaks: The 1040 cm™! peak attributed to alcoholic
stretching vibrations (-CO). The peak at 1400
cm™ is attributed to bending (NH-). The strong
peak at 1650 cm™ can be attributed to the valence
vibration of the (C=0) carboxylic group, present
in lignin and hemicellulose (Sain and Panthapu-
lakkal 2006). A peak that extends between 2700
cm™ and 3050 cm™! and centered at 2950 cm! is
related to the elongation vibration of the (C-H)
cellulose bond. A broad and strong band is found
between 3050 cm™ and 3650 cm™ and centered at
3300 cm!, possibly due to the overlapping of the
aromatic and aliphatic phenol structures (O-H)
stretching, lignin and cellulose group (Benyoucef
and Harrache 2015).

This analysis also showed the presence of
aromatic compounds and ketone fingerprints re-
lating to the presence of cellulose, pectin, lignin,
hemicellulose, and furfural (Benouadah et al.
2019). Thus, the surface oxygenated functional
groups well explain the acidic character of the
biomaterial.

Table 1. Physicochemical parameters of the biomaterial P.A (Sinus Halepensis)

Parameter pH H (%) D CE (uS/cm) Fe (mg/L) P (mg/L) Mg (mg/L)
Value 4.32 41.06 0.6 1181 0.02 0.11 0.82
Parameter Mn (mg/L) Ca (mg/L) Na (mg/L) K (mg/L) Zn (mg/L) Cu (mg/L) Al (mg/L)
Value <0.01 2.41 243 0.58 0.07 <0.01 0.23
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Figure 4. Infrared spectrum of the biomaterial AP

X-ray diffraction (XRD)

In order to identify the structure of our bioma-
terial whether it is crystalline or amorphous and
to determine the crystalline phase(s) to which it
belongs, we performed X-ray diffraction without
any chemical treatment. The diffractogram of the
AP biomaterial presented in (Fig. 5) shows a more

[ ]

intense peak at 20 = 21°, which corresponds to
polyethylene and cellulose, also the XRD diffrac-
togram indicated the presence of two peaks at 15°
and 72° attributed to polyethylene and cellulose,
respectively, note that at about 15° we observed an
amorphous halo, suggesting the semi-crystalline
nature of the biomaterial (Haddadou et al. 2015).
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Figure 5. Diffractogramme X of the biomaterial P. A
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Scanning electron microscopy (SEM)

The analysis of the AP biomaterial by scanning
electron microscopy allowed us to observe its tex-
ture and characterize the mineralogical assemblies.

The micrographs obtained with different mag-
nifications before and after the essential oil extrac-
tion (Fig. 6) show that the AP biomaterial is porous.
This porosity has increased after the essential oil
extraction, giving evidence of the specific surface
increase of the studied biomaterial. These charac-
teristics provide to our biomaterial as an adsorbent
character to the air or water pollutants.

The semi-quantitative analysis by EDX of
the biomaterial AP indicated its composition in

majority products; carbon (79.91) and oxygen
(18.91), and other elements in weak proportions
Mg: 0.37), (Al 0.04), (P: 0.12), (S: 0.14), (CL
0.09), (K: 0.28), (Ca: 0.14) (Figure 7 and Table 2).
The results thus obtained corroborate the results
found by DRX and IR and show that the large part of
the biomaterial is made up of organic molecules that
could be extracted. it has been proven that the chemi-
cal composition of Aleppo pine needles can have a
change if it’ s exposed to pollution such as the accu-
mulation of certain heavy metals (Szwed, Zukowski,
and Koztowski 2021). Fortunately, in our study area
we found the absence of any industrial activity that
could affect the quality of our biomaterial.

Figure 6. Scanning electron microscope observation of the AP biomaterial (a, b
before the essential oil extraction; c, d: after the essential oil extraction)
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Table 2. Elements constituting the biomaterial AP

Element Line Mass% Atom%
C K 73.82+0.06 79.91+0.06
o} 23.26+0.10 18.91£0.08
Mg K 0.70+0.01 0.37+0.01
Al K 0.09+0.01 0.04+0.00
P K 0.29+0.01 0.12+0.00
S K 0.34+0.01 0.140.00
Cl K 0.24+0.01 0.09+0.00
K K 0.83+0.01 0.28+0.00
Ca K 0.43+0.01 0.14+0.00

Total 100.00 100.00
Spc_FSB Fitting ratio 0.0130

Identification of the essential
oil of the biomaterial AP

The essential oil extracted from AP biomaterial
by hydrodistillation is colorless, transparent with
a strong odor. The extraction rate is important,

it is about 0.65 %. The analysis of this essential
oil by chromatography (GPC/MS) showed the
presence of 21 compounds, of which 8 are the
main ones, in decreasing order: Caryophyllene
(32.97%); a-pinene (13.72%); B- pinene (11.02%);
Alpha-humulene (7.86%); Cembrene (6.13%);

Table 3. Chemical composition of the essential oil of biomaterial AP

Pic Compound R. time Area % %
1 a-Pinene ;gg? 13.72 12.5
1R-a-Pinene 8.035 5.00 3.68
Sabinene 8.990 1.15 1.21
4(10)-Thujene 9.146 1.09 117
9.417
5 B-Pinene 9.473 11.02 13.74
9.609
11.033
6 trans-B-Ocimene 11,130 5.31 6.65
11303
7 4-Isopropylidene-1- 12.319 268 4,32
cyclohexene 12.507
8 Copaene 20.788 0.88 1.69
9 Caryophyllene 22.044 32.97 15.87
10 a-Bisabolene 22.673 1.07 1.53
11 a-Humulene 22.879 7.86 9.19
. 23.359
12 E‘;ﬂﬁ;‘;‘;fh‘;f 23.485 4.43 7.89
23.627
13 a-Murolene 23.889 0.83 1.39
14 a-Cadinene 24375 1.01 1.83
15 a-Bisabolene 24.908 0.74 1.28
16 Caryophyllene oxide 26.208 0.82 0.85
17 Guaiol 26.599 0.55 0.89
18 Caryophyllene-(11) 28.288 0.38 0.61
19 Cembrene gg?ié 6.13 9.84
20 Cembrene A 35.485 0.72 1.22
21 Thunbergol 37.296 1.62 2.69
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trans-beta-ocimene (5.31%); 1R — alpha-pinene
(5.00%) and beta isovalerate — Phenylethyl ester
(4.43%) with a total percentage of 83.78 %. The rest
of the compounds were at lower levels (Table 3).
Thus by comparing this chemical composition
with that found by other researchers in other plants
we can say that these essential oils may have sev-
eral properties such as antibiofilm, cytotoxic, and
anti-acetylcholinesterase activities (Caputo et al.
2022). Moreover the high content of Caryophyl-
lene has given some essential oils antifungal and
antimycotoxic properties (Scanavacca et al. 2022).

CONCLUSION

The biomaterial characterized in this study
was prepared from the powder of Aleppo pine
(Pinus Halepensis) needles. The physicochemi-
cal, spectroscopic, and microscopic analyses of
this biomaterial have shown that the biomaterial
AP is less dense, poor conductor, porous, acidic,
weakly composed of mineral elements and main-
ly composed of carbon and oxygen. Thus, groups
of carbonyl compounds (ketone, aldehydes) and
aromatic compounds could be formed and confer
to the AP biomaterial the characteristics of absor-
bent. The exploitation of these needles will surely
avoid their accumulation in the forests and thus
reduce the risk of wildfire outbreak.

The essential oil extracted from this bioma-
terial is rich in caryophyllene, a and B Pinene,
Cembrene, and o-Humulene which could be used
in food, pharmaceutical and cosmetic fields.

This study is useful to foresee the fields of
application of the AP biomaterial in its raw state
or after extraction of the essential oil such as the
treatment of wastewater, air, either as an absor-
bent or filter, the elaboration of organic amend-
ments, or it can be used as a component of insu-
lating materials or cellulosic concretes.

As perspective, we shall study the kinetics of
adsorption of this biomaterial after calculating its
specific surface and determine its regeneration
capacity.

Acknowledgments

We thank all the staff of the Laboratory of
Organometallic, Molecular and Environmen-
tal Materials Engineering (LIMOME) for their
commitment and wise advice as well as for their
contribution and their help without which this

48

document would not have come to see the light.
We also thank the Dean of the Faculty of Sciences
Dhar El Mahrez (FSDM) for the facilities he gen-
erously provided for scientific research.

REFERENCES

1. Arumugam, S., Jayakrishna Kandasamy, Subramani
Venkatesan, Rajesh Murugan, Valayapathy Lakshmi
Narayanan, Mohamed Thariq Hameed Sultan, Far-
ah Syazwani Shahar, Ain Umaira Md Shah, Tabrej
Khan, and Tamer Ali Sebaey. 2022. A Review on
the Effect of Fabric Reinforcement on Strength En-
hancement of Natural Fiber Composites’. Materials,
15(9), 3025. https://doi.org/10.3390/mal15093025

2. Asyraf, Muhammad Rizal Muhammad, Agusril Sy-
amsir, Abu Bakar Mohd Supian, Fathoni Usman,
Rushdan Ahmad Ilyas, Norizan Mohd Nurazzi,
Mohd Nor Faiz Norrrahim, et al. 2022. ‘Sugar Palm
Fibre-Reinforced Polymer Composites: Influence of
Chemical Treatments on Its Mechanical Properties’.
Materials, 15(11), 3852. https://doi.org/10.3390/
mal5113852

3. Balaguer-Romano, R., R. Diaz-Sierra, J. Madrigal,
J. Voltas, and V.R. de Dios. 2020. ‘Needle Senes-
cence Affects Fire Behavior in Aleppo Pine (Pinus
Halepensis Mill.) Stands: A Simulation Study’.
Forests, 11(10), 1-14. https://doi.org/10.3390/
f11101054

4. Benouadah, Nacera, Djamel Aliouche, Andrey Pra-
novich, and Stefan Willfor. 2019. Chemical Char-
acterization of Pinus Halepensis Sapwood and
Heartwood’. Wood Material Science & Engineer-
ing, 14(3), 157-164. https://doi.org/10.1080/1748
0272.2018.1448436

5. Benyoucef, S., Harrache, D. 2015. Caractérisation
de la microstructure de sciure de bois de pin syl-
vestre»Pinus sylvestris” [Microstructure characte-
rization of scots pine “Pinus sylvestris”’sawdust]’, 8.

6. Calvete, Tatiana, Eder C. Lima, Natali F. Cardoso,
Julio C. P. Vaghetti, Silvio L. P. Dias, and Flavio
A. Pavan. 2010. ‘Application of Carbon Adsor-
bents Prepared from Brazilian-Pine Fruit Shell for
the Removal of Reactive Orange 16 from Aqueous
Solution: Kinetic, Equilibrium, and Thermody-
namic Studies’. Journal of Environmental Manage-
ment, 91(8), 1695-1706. https://doi.org/10.1016/j.
jenvman.2010.03.013

7. Caputo, L., F. Capozzolo, G. Amato, V. De Feo,
F. Fratianni, G. Vivenzio, and F. Nazzaro. 2022.
‘Chemical Composition, Antibiofilm, Cytotoxic,
and Anti-Acetylcholinesterase Activities of Myrtus
Communis L. Leaves Essential Oil’. BMC Comple-
mentary Medicine and Therapies, 22(1). https://doi.
org/10.1186/s12906-022-03583-4



Journal of Ecological Engineering 2023, 24(1), 41-50

8. Chegdani, Faissal, Mohamed El Mansori, Sabeur
Mezghani, and Alex Montagne. 2017. Scale Effect
on Tribo-Mechanical Behavior of Vegetal Fibers in
Reinforced Bio-Composite Materials. Composites
Science and Technology, 150(September), 87-94.
https://doi.org/10.1016/j.compscitech.2017.07.012

9. Deng, Yingrui, Xiaoting Zhang, Rui Li, Zhuo
Li, Boguang Yang, Peng Shi, Honglu Zhang, et
al. 2022. Biomaterial-Mediated Presentation of
Wnt5a Mimetic Ligands Enhances Chondrogen-
esis and Metabolism of Stem Cells by Activat-
ing Non-Canonical Wnt Signaling. Biomaterials,
281(February), 121316. https://doi.org/10.1016/j.
biomaterials.2021.121316

10. Elaieb, Mohamed Tahar, Habib Kachouri, Sofien
Azzouz, Foued Shel, Mohamed Larbi Khouja,
and Kévin Candelier. 2019. Le bois du pin d’Alep
Tunisien: propriétés, potentialités et débouchés’.
Book_section. Le pin d’Alep en Tunisie: Ecologie,
gestion et usages. INRGREF. Tunisie. 2019. https://
agritrop.cirad.fr/587242/

11. Elouaer, Abdelmonem. 2011. Contribution a La
Compréhension et a La Modélisation Du Compor-
tement Mécanique de Matériaux Composites a Ren-
fort En Fibres Végétales. These de doctorat, Reims.
https://www.theses.fr/201 IREIMS003

12. Haddadou, Imane, Djamel Aliouche, Nicolas
Brosse, and Siham Amirou. 2015. Characterization
of Cellulose Prepared from Some Algerian Ligno-
cellulosic Materials (Zeen Oak Wood, Aleppo Pine
Wood and Date Palm Rachis). European Journal of
Wood and Wood Products, 73(3), 419—421. https://
doi.org/10.1007/s00107-015-0903-3

13. Hjouji, Kaoutar, Ibrahim Atemni, Imane Mehdaoui,
Ayoub Ainane, Sanae Berrada, Zakia Rais, Musta-
pha Taleb, and Tarik Ainane. 2021. Essential oil of
aleppo pine needles: antioxidant and antibacterial
activities.

14. Mahmoud, Rachid, Fatimzahra Ainlhout, Mohamed
Ben Abbou, Mustapha Taleb, Mounia El haji, and
Zakia Rais. 2021. Exploitation of Olive Mill Waste-
water in Sorghum Irrigation’. International Jour-
nal of Recycling Organic Waste in Agriculture,
no. Online First (May). https://doi.org/10.30486/
jjrowa.2021.1914715.1163

15. Miraoui, Imed, and Hedi Hassis. 2012. Mechanical
Model for Vegetal Fibers-Reinforced Composite
Materials’. Physics Procedia, International Confer-
ence on Solid State Devices and Materials Science,
April 1-2, 2012, Macao, 25(January), 130-136.
https://doi.org/10.1016/j.phpro.2012.03.061

16. Morris, James P., Thierry Backeljau, and Gauthier
Chapelle. 2019. Shells from Aquaculture: A Valu-
able Biomaterial, Not a Nuisance Waste Product.
Reviews in Aquaculture, 11(1), 42-57. https://doi.
org/10.1111/raq.12225

17.Najat Assem, Latifa El hafid, and Fatima Lam-
chouri. 2018. Etude comparative entre trois varietes
marocaines du pin caracteristiques du parc national
de tazekka, 18.

18. Niyasom, Samit, and Nuchnapa Tangboriboon.
2021. Development of Biomaterial Fillers Using
Eggshells, Water Hyacinth Fibers, and Banana Fi-
bers for Green Concrete Construction. Construction
and Building Materials, 283(May), 122627. https://
doi.org/10.1016/j.conbuildmat.2021.122627

19. Ouafi, Redouane, Meryem Asri, Anass Omor, Mu-
stapha Taleb, and Zakia Rais. 2021. Snail Shells
Adsorbent for Copper Removal from Aqueous Solu-
tions and the Production of Valuable Compounds.
Journal of Chemistry, 2021(September), €9537680.
https://doi.org/10.1155/2021/9537680

20. Ouafi, Redouane, Anass Omor, Younes Gaga, Mo-
hamed Akhazzane, Mustapha Taleb, and Zakia Rais.
2021. Pine Cone Powder For The Adsorptive Removal
Of Copper lons From Water: Scientific Paper. Chemi-
cal Industry & Chemical Engineering Quarterly, 27(4),
341-354. https://doi.org/10.2298/CICEQ2001010010

21. Ouafi, Redouane, Zakia Rais, M. Taleb, M. Benabbou,
and Meryem Asri. 2017. Sawdust in the Treatment of
Heavy Metals-Contaminated Wastewater. In Sawdust:
Properties, Potential Uses and Hazards, 145-182.

22.Pal, K., Sarkar, P., Anis, A., Wiszumirska, K.,
Jarzgbski, M. 2021. Polysaccharide-based Nano-
composites for Food Packaging Applications. Mate-
rials, 14 (19). https://doi.org/10.3390/mal14195549

23. Saad, Houda. 2013. Développement de Bio-Compo-
sites a Base de Fibres Végétales et de Colles Ecolo-
giques. These de doctorat, Pau. https://www.theses.
fr/2013PAUU3039

24. Saad, Houda, Abdelouahed Khoukh, Naceur Ayed,
Bertrand Charrier, and Fatima Charrier-El Bouh-
toury. 2014. Characterization of Tunisian Aleppo
Pine Tannins for a Potential Use in Wood Adhe-
sive Formulation’. Industrial Crops and Products,
61(November), 517-525. https://doi.org/10.1016/j.
indcrop.2014.07.035

25.Sain, Mohini, and Suhara Panthapulakkal. 2006.
Bioprocess Preparation of Wheat Straw Fibers and
Their Characterization. Industrial Crops and Prod-
ucts, 23(1), 1-8.

26. Scanavacca, Juliana, Maria Graciela Iecher Faria,
Gabriela Catuzo Canonico Silva, Rodrigo Sadao
Inumaro, José Eduardo Gongalves, Larine Kupski,
and Zilda Cristiani Gazim. 2022. Chemical Analy-
sis, Antifungal and Antimycotoxigenic Activity of
Tetradenia Riparia Essential Oil and Crude Extract.
Food Additives & Contaminants, Part A, 0(0), 1-15.
https://doi.org/10.1080/19440049.2022.2080870

27.Simon, Daiana, Sebastian Gass, Cristina Palet, and
Adrian Cristobal. 2021. Disposal of Wooden Wastes
Used as Heavy Metal Adsorbents as Components

49



Journal of Ecological Engineering 2023, 24(1), 41-50

28.

29.

50

of Building Bricks. Journal of Building Engineer-
ing, 40(August), 102371. https://doi.org/10.1016/;.
jobe.2021.102371

Szwed, Mirostaw, Witold Zukowski, and Rafat Ko-
ztowski. 2021. The Presence of Selected Elements
in the Microscopic Image of Pine Needles as an Ef-
fect of Cement and Lime Pressure within the Region
of Biale Zagtebie (Central Europe). Toxics, 9(1), 15.
https://doi.org/10.3390/toxics9010015

Tamayo-Angorrilla, Marta, Julia Lépez de Andrés,
Gema Jiménez, and Juan Antonio Marchal. 2021. ‘The
Biomimetic Extracellular Matrix: A Therapeutic Tool
for Breast Cancer Research’. Translational Research,
November. https://doi.org/10.1016/j.trs.2021.11.008

30. Zhu, Sidi, Yexiang Chen, Muhammad Asim Khan,

31

Haihua Xu, Fengyun Wang, and Mingzhu Xia.
2022. In-Depth Study of Heavy Metal Removal
by an Etidronic Acid-Functionalized Layered
Double Hydroxide. ACS Applied Materials & In-
terfaces, 14(5), 7450-7463. https://doi.org/10.1021/
acsami.1c22035

. Zhu, Sidi, Mingzhu Xia, Yuting Chu, Muhammad

Asim Khan, Wu Lei, Fengyun Wang, Tahir Muh-
mood, and Along Wang. 2019. Adsorption and De-
sorption of Pb(II) on I-Lysine Modified Montmoril-
lonite and the Simulation of Interlayer Structure.
Applied Clay Science, 169(March), 40—47. https://
doi.org/10.1016/j.clay.2018.12.017



