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Abstract

Pectin, a biopolymer that occurs naturally in plants, has a wide range of applications in various industries. The aim of the
current study is to extract pectin through acid hydrolysis using sulfuric acid from orange waste, also extraction of
micro/nanocellulose from the solid fraction of citrus wastes. Investigate the effects of multiple variables such as temperature,
time and pH to reach the optimum conditions for the highest pectin yield. The extracted pectin and micro/nanocellulose were
characterized using FTIR, XRD, TEM, scanning electron microscope and determination of the degree of esterification of
pectin. It was found through our study that different parameters such as temperature, pH and time effect on the pectin yield,
where temperature (80, 90, 100) °C , time (60, 90, 120) min and pH ( from 1.5-2.0), So we found that the pectin yield at its
best result was 16.9 %, At which (temp 90 °C ,time 90 min, pH 1.5). Determination of degree of esterification of extracted

pectin recorded 83 which is suitable value.

Keywords: Extraction of pectin, Extraction of micro/nanocellulose, FTIR, XRD, SEM, TEM, Determination of degree of Esterification.

1. Introduction

Recent years have seen significant interest in
biomaterials as they are emerging as a viable solution
to the world's dire needs, including the rapid
depletion of non-renewable resources, global
warming, and environmental pollution. Among the
numerous renewable materials available today, plant-
derived biomass (lignocellulosic biomass, starch,
gum), animal-derived materials (chitin, chitosan,
gelatin) and microbe-derived materials (alginates,
bacterial cellulose, polyhydroxyalkanoates) have
frequently been cited as promising candidates due to
their ample supply and environmental friendliness.
Pectin is a natural substance that is present within the
cellular structure of most plants. It has a rich history
of applications due to its gelling, thickening, and
stabilizing properties, finding uses in a wide array of
industries, including food, pharmaceuticals, and
cosmetics. In the production of orange juice, after the

oranges are squeezed, a significant amount of orange
peel is often left unused. Some farmers may consider
this peel as waste and use it as cattle feed or fertilizer.
However, this orange peel can serve as the raw
material for our process. By extracting pectin from
the orange peel, we can turn what was once
considered waste into a valuable product that can be
sold. This not only reduces waste but also adds value
to the orange peel, serving a more meaningful
purpose [1].

The most popular sources of commercially
available pectin are apple pomace, citrus, and orange
peels. However, the pectin produced from these
sources varies slightly, making each one more
suitable for certain applications. Additionally, sugar
beet and sunflower seed head residues have been
used as alternative sources of pectin. In the food
industry, high methoxyl pectin has multiple uses such
as gelling, stabilizing, emulsifying, and thickening,
while low methoxyl pectin is mainly utilized as a fat
replacer in products like ice cream, spreads, and low-
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calorie beverages [2-4]. In microcrystalline cellulose
(MCC), alpha cellulose is partially depolymerized by
treatment with mineral acids so that it becomes a fine,
white, odorless powder. Most common organic
solvents do not dissolve MCC, including water, dilute
acids, and alkalis [5]. Compared to other cellulose
fibers, it has a lower degree of polymerization and a
higher specific surface area [6]. MCC has been
widely used especially in pharmaceuticals, cosmetics,
food and other industries [7-8]. Researchers were
used MCC as starting material for cellulose
reinforced nanocomposites [9]. It likewise reported
that type of cellulose, its origin and the method of
preparation affects the overall properties of MCC
[10]. MCC can be used as filler, which produce
tablets of high mechanical and physical properties
such as high rigidity, fast dissociation time and a high
rate of drug release. Furthermore, it is used in
production direct pressure tablet. MCC tablets
production is growing due to many advantages for
examples; uniform particle size, producing more
stable tablet and profitable in economical point of
view. Also, MCC can decrease sedimentation in
suspension and dry syrup [11]. Nanocrystals of
cellulose that have rod-like shapes are called
cellulose nanocrystals (CNC). A CNC is frequently
described as a nanowhisker, a nanocrystalline
cellulose crystal, a rod-like cellulose crystal or a
nanorod in literature [12-14]. In the CNC preparation,
the primary technique employed is strong acid
hydrolysis. This method requires the selective
removal of the non-crystalline portions of natural
cellulose while preserving the integrity of the
crystallized segments. Subsequently, a high-intensity
mechanical or ultrasonic process is applied, resulting
in the formation of truncated, rod-shaped structures
following the cellulose hydrolysis. In CNC isolation,
concentrated sulfuric acid is commonly used. A
negative charge is imparted to nanocrystalline
particles in an aqueous medium due to the production
of sulphate ester groups during sulfuric acid
hydrolysis. As a result, CNCs have very limited
flexibility due to their high crystallinity [15-17]. With
its large surface area, high specific strength, high
modulus, outstanding stability and outstanding
optical properties, CNC exhibits a number of unique
characteristics. It is well known that CNCs are highly
mechanically efficient. Based on theoretical
calculations, CNC should have a Young's modulus of
167.5 GPA along its cellulose chain axis. As
compared to steel, this modulus is substantially
greater than Kevlar. CNCs derived from tunicates
exhibit a modulus of 143 GPa; CNCs derived from
cotton, on the other hand, have a modulus of 105 GPa
[18-19]. In addition, CNCs have an excellent thermal
stability up to 260 °C, and a high tensile strength of 9
GPa. A low thermal expansion coefficient of 0.1
ppm/K and a low density of 1.5-1.6 g/cm3 are other
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characteristics of these materials. A cellulose
nanofiber (CNFs) is a type of nanocellulose produced
through the griding of cellulose fibers by means of
mechanical  treatment. CNFs were initially
successfully synthesized in 1982 by Turbak et al.
using high-speed homogenization of eucalyptus pulp
[20].

Cellulose nanofibers (CNFs) are characterized by
their remarkable features: high aspect ratios,
nanoscale dimensions, and lengths that can extend to
several microns. These fibers have been referred to
by various names, such as microfibrillated cellulose,
cellulose nanofibers, and nanocellulose fibers. In
contrast to cellulose nanocrystals (CNC), CNFs are
pliable, elongated fibers encompassing both
amorphous and crystalline segments, and they are
produced through mechanical disintegration of
cellulose fibers. It has been observed that chemically
pretreating cellulose fibers can substantially reduce
energy consumption by as much as 98 percent [21].
Effective pretreatment of cellulose fibers expedites
the disruption of hydrogen bonds, alters crystallinity,
and increases the accessibility of hydroxyl groups,
thereby enhancing fiber reactivity [22]. Since
cellulose fibrillation necessitates a liquid medium, the
resulting product must be preserved as a dispersion
because CNFs establish irreversible hydrogen bonds
with each other after drying [23]. Alternatively,
coupling agents or TEMPO can be employed to
oxidize surface hydroxyl groups, forming aldehyde or
carboxyl groups, and introducing a surface charge
can also reduce the cohesion between fibers [24-27].
The goal of this work is to take the orange peel and
extract pectin from it by acid hydrolysis, which is
used in the pharmaceutical industries and in food
packaging, also extracting cellulose and nano-
cellulose such as Microcrystalline Cellulose [MCC],
cellulose nanofibers [Tempo-CNF] and cellulose
nanocrystals [CNC]. That is meaning we finally get
zero waste from the raw material [orange peel].
These nanomaterials have many uses in bio-
nanocomposite. The objectives were to characterize
the FTIR, XRD, SEM, TEM of the resulting
substances, Also determination of degree of
esterification of pectin.

2. Materials and Methods [Experimental]
2.1. Materials

Mediterranean Citrus for example orange waste
was collected from a local industrial facility in Egypt
and cleaned to remove dirt, dust, and pesticide
residues. They were cut into little pieces and dried at
a temperature of 60 °C until the weight reached a
constant value. The other chemicals were analytical
grade and used as received.
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2.2. Extraction of pectin from orange peel

The orange waste (5 g) will be dispersed in
distilled water (250 ml) adjusted in pH with
concentrated sulfuric acid to [2.0 or 1.5]. The mixture
will be shaken in a thermostatic bath with different
temperatures [80-90-100] °C, and then cooled with
the pH adjusted to [4.0-4.5] using 2N NaOH. Pectin
will be precipitated by using 75% ethanol and then
subjected to centrifugation at 5000 rpm before being
dried [28].

2.3. Isolation of Cellulose from pectin Extraction
Residue

The procedure involves collecting the pulp waste
after pectin extraction and washing with hot water to
remove organic materials and sugars, followed by a
12 h drying at 105 °C. Lignin residue will then be
removed through the chlorite method, in brief, 5 g of
pulps will be heated at 70-80 °C for 1 hour with 80
ml of distilled water containing 1.5 g of sodium
chlorite and 1 ml of glacial acetic acid drops. This
step will be repeated twice, and the pulps will be
filtered and washed with distilled water until they
achieve a neutral pH. The resulting holocellulose was
determined and dried for subsequent utilization [29].

2.4. Microcrystalline Cellulose Preparation

Cellulose extracted from citrus wastes was
hydrolyzed using sulfuric acid (2 M). The hydrolysis
conditions used were by refluxing citrus wastes in 2
M sulfuric acid solution for 45 min in a liquid ratio of
[1:10]. The hydrolyzed pulps were then washed with
distilled water and acetone, followed by drying in air
till constant weight. The yield was about 30 % based
on the weight of citrus wastes [30].

2.5. Preparation of TEMPO-cellulose nanofibers
Following the method outlined in our prior works
[6-7], 10 g of cellulose fiber will be suspended in 750
ml of water containing 0.025 g of TEMPO and 0.25 g
of sodium bromide in order to undergo the oxidation
process necessary for the production of surface
functionalized CNFs. The slurry will be continuously
agitated while NaClO solution (3.84 mmol/g of
cellulose) is added. At room temperature, the pH will
be maintained at 10.5 with the addition of 0.5 M
NaOH for all experiment. Then, hydrochloric acid
will be used to halt the process and return the pH to
neutral (HCI). After collecting the pulp, it will be
rinsed in deionized water before being homogenized
to create carboxyl-functionalized CNFs. The resulting
pulp will be rinsed with deionized water before being
homogenized to create functionalized CNFs with
carboxylic groups. As a result, charged carboxylate
groups are formed on the surface of the fiber for this
treatment. As a result of the repulsion between the
negatively charged carboxylate groups, the C6
hydroxyl group is selectively changed into a
carboxylate group, and the nanofibers detach from
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the fibers. A 1-2% fiber suspension in water will be
homogenized with a high-pressure homogenizer after
oxidation pretreatment of produced fibers.

2.6. Preparation of cellulose nanocrystals (CNC)

Isolating cellulose nanocrystals from bleached
pulp via acid hydrolysis at 45 °C for 45 min with
65% sulfuric acid has been described previously [14-
16], to determine the composition of the cellulose
nanocrystals, a transmission electron microscope
(TEM) JEOL 1230 (Japan) was used with an
acceleration voltage of 100 kV. On a copper grid with
a carbon coating, a drop of cellulose nanocrystals
suspension was employed.

2.7. Characterization of pectin and
micro/nanocellulose
2.7.1. Determination of degree of esterification (DE)
of pectin

The degree of pectin esterification will be assessed
following the procedure outlined by Dominiak et al.
In a nutshell, 0.2 g of pectin will be dissolved in 100
ml of deionized water and subjected to titration using
0.1 M NaOH with phenolphthalein as the indicator.
The volume of 0.1 M NaOH used in this titration will
be recorded as V1. Subsequently, the same sample
will undergo saponification through the addition of
10 ml of 1 M NaOH, followed by 15 min of stirring.
Afterward, 10 ml of 1 M HCI will be introduced into
the sample, and the mixture will undergo another
titration with 0.1 M NaOH until a color change is
observed, recording the volume as V2 [31].

The DE will be calculated according to the
formula in equation (2):

DE = (V2/ (V2+V1)) x 100
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Figure [1] Mechanism of determination of degree of
esterification of pectin

2.7.2. Infrared (IR) spectral analysis

Fourier transform infrared (FTIR) spectroscopy
was used to characterize the functional group
composition of pectin and the prepared
microcrystalline Cellulose [MCC], TEMPO-cellulose
nanofibers [CNF] and cellulose nanocrystals [CNC].
They were recorded in the range of 400-4000 cm™
on (Shimadzu 8400S) FT-IR Spectrophotometer,
With 4 cm™ resolution, for each sample. The
positions of significant transmittance peaks at a
particular wavenumber were tracked.
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2.7.3. Transmission electron microscopy (TEM)

To study the structure and surface morphology of
the pectin as well as the prepared microcrystalline
Cellulose [MCC], TEMPO-cellulose nanofibers
[CNF] and cellulose nanocrystals [CNC], a JEOL
JEM-1230 transmission electron microscope (TEM)
with an acceleration voltage of around 80 kV was
utilized. The microscopy probes were prepared by
placing a drop of the emulsion of the polymer
material onto a Lacey carbon coated copper grid.
Subsequently, the grid was allowed to dry in air,
followed by a high vacuum.

2.7.4. Scanning electron microscopy (SEM)

The morphology of pectin as well as the prepared
microcrystalline Cellulose [MCC], TEMPO-cellulose
nanofibers [CNF] and cellulose nanocrystals [CNC]
were detected using a scanning electron microscopy
(SEM) (High Resolution Quanta FEG 250-SEM,
Czech Republic) at different magnifications. In order
to, investigate the filler dispersion and the
compatibility between polymer and filler. The
surfaces of the samples were examined without
coated gold and at low vacuum.

2.7.5. X-ray diffraction (XRD)

A Philips X-ray diffractometer was used to
analyze the crystal structure of pectin filler powders,
as well as microcrystalline Cellulose (MCC),
TEMPO-cellulose nanofibers (CNF) and cellulose
nanocrystals (CNC). The equipment was set at 45
kV, 40 mA, with a wavelength of 0.15418 nm, and
diffraction scans were conducted over a 20 range of 5
to 80° with a step size of 0.02 and a step time of 1s.

3. Results and discussion
3.1. FTIR- Fourier transforms infrared
3.1.1. FTIR of Pectin extracted

Figure 2 (A, B, and C) displays the FTIR spectra
of pectin samples with varying degrees of acetylation,
revealing comparable characteristics among them.
The FTIR spectrum of pectin exhibits distinct peaks
at specific wavenumbers. At 3433 cm?, a peak
corresponds to the stretching vibrations of hydroxyl
groups, while at 2938 cm™, another peak represents
the stretching vibrations of methyl ester groups or C-
H bonds of pyranoid ring carbons. A vibration at
1748 cm™ corresponds to the stretching vibration of
carboxyl groups, and at 1614 cm?, there is a
stretching vibration indicating the presence of
carboxyl and methyl ester moieties. The region from
1440 to 1237 cm predominantly encompasses the
stretching vibrations of -C-O-C- bonds and -CH
groups. Furthermore, the polysaccharide "fingerprint"
region within the range of 1210-1001 cm
corresponds to vibration bands associated with
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glycosidic bonds and pyranoid rings of the pectin
structure [3, 32].
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Figure [2] FT-IR of extracted pectin with different degree
of acetylation

3.1.2. FTIR of extracted cellulose, nanocellulose
(CNC and CNF)

Figure [3] displays the FTIR spectra of extracted
cellulose, CNC (Cellulose Nanocrystals), and
TEMPO-CNF (TEMPO-Oxidized Cellulose
Nanofibers). It indicates that absorption bands at
3200-3300 cm™ indicate O-H stretching vibrations in
hydrogen bonds, whereas peaks around 1600-1640
cm® represent O-H bending in absorbed water. The
absorption peaks about 2900 cm™ reflect the aliphatic
C- H stretching vibrations of all polysaccharide
hydrocarbon components. The C-H stretching peak
intensity of MCC was somewhat lower than that of
cellulose, indicating that the bleaching process
removed both lignin and hemicellulose. MCC spectra
no longer show an absorption peak at 1236 cm™,
showing the C-O stretching of lignin's aryl group.
This indicates that lignin is being chemically
removed from the OP surface in a limited capacity.
The alkaline treatment destroyed both lignin and
hemicellulose, which are generally present in
cellulose, as demonstrated by the disappearance of
the two peaks in the MCC spectra. Furthermore, the
MCC spectra around 1425-1428 cm? show CH;
symmetric bending, and the peak at 896 cm™ is
caused by stretching of the glycosidic connections
between the cellulose, while the peaks around 1160
cm?® are caused by C-O-C asymmetrical ring
stretching.

3.1.3. FTIR of TEMPO oxidized cellulose nanofibers
[T-CNFs].

The effect of different pretreatments on cellulose
fibrillation can be determined using FTIR. FTIR of
T-CNF's spectrum is depicted in Figure 3. This study
discovered that CNF has a distinct peak around 3300
cm, which is attributed to cellulose's OH group
stretching. C-H stretching vibrations have a peak at
2800 cm?, and C-O stretching vibrations have a peak
between 1600 and 1650 cm™. T-CNFs exhibit their
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characteristic C=0 band at 1740 cm™ because of
TEMPO oxidation.

3.1.4. FTIR of CNCs
FTIR spectroscopy was used to characterize the
chemical structure of CNCs, as illustrated in Figure
3. The O-H stretching and C-H stretching vibration
modes are represented by the broad band at 3428 cm-
1 and the peak at 2924 cm?, respectively.
Furthermore, the peak at 1638 c¢cm? is due to the
presence of adsorbed water molecules on the surface
of the CNCs; peaks at 1200-1000 cm' are due to the
stretching vibration of C-O for glycosidic bonds and
C-O of primary and secondary hydroxyl groups; and
a peak at 850 m is due to out-of-plane deformational
vibration of O-H groups [33-34].
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Figure [3] FTIR of extracted cellulose, CNC, TEMPO-
CNF, and MCC.

3.2. Effect of different parameters on pectin yield
The influence of extraction time, pH of solution
and temperature on pectin yield extracted from
orange peels using sulfuric acid were studied. The
yield of pectin from the extractions is shown in Table
1 and Figure [4 and 5] for temperature range from [80
to 100 °C], time from [60 to 120] min and pH [1.5
and 2.0]. The percentage yield of pectin at 1.5 pH for
60 min and at temperature 80, 90 and 100 °C are
14.9, 14.1 and 14.8 % respectively. At 1.5 pH for 90
min and at temperature 80, 90 and 100 °C are 15.3,
16.9 and 17.9 % respectively. Likewise at 1.5 pH for
120 min, at temperature 80, 90 and 100 °C the
percent vyield is 17.0, 15.7and 14.8 percent
respectively. It was shown that at pH 1.5, the yield of

pectin increased with increasing the temperature. The
percentage yield of pectin extracted from orange
peels at 2.0 pH for 60 min. at temperature 80, 90 and
100°C was 13.9, 14.2 and 12.4 percent respectively.
At 2.0 pH for 90 min and at temperature 80, 90 and
100°C are 127, 134 and 12.8 percent
correspondingly. Likewise at 2.0 pH for 120 min. at
temperature 80, 90 and 100°C the percent yield is
12.3, 13.0 and 11.1 percent respectively. At 2.0 pH
the effect on percent pectin yield were lower than the
pH 1.5.
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Figure [4] Effect of time on the extraction yield of pectin
(A) at 80 °C, (B) at 90 °C and (C) at 100 °C
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Figure [5] Effects of Temperatures on the extraction yield
of pectin (A) at 60 min., (B) at 90 min. and (C) at 120 min.

3.3. Degree of esterification (DE)

The degree of esterification of pectin isolated from
orange peel powder with sulfuric acid was found to
range between 40 and 91 percent. As the plant
became older, the degree of esterification reduced.
The reduced DE could be due to the conversion of
pectin's to protopectin, which raises sugar levels and
softens the fruit during maturation. DE is dependent
on species, tissue, and maturity stages [4].

Table 1: Pectin yield with applying different conditions of pH, Time and Temperature, with degree of esterification (DE)

Samples Tempgé;iture ( Time (min.) pH Pectin yield % DE
1 80 60 20 13,9 66
2 80 90 2.0 12,7 91
3 80 120 2.0 12,3 85
4 80 60 15 14,9 44
5 80 90 15 15,3 66
6 80 120 15 17 88
7 90 60 2.0 14,2 75
8 90 90 2.0 134 82
9 90 120 20 13 40
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10 90 60 15 14,1 63
11 90 90 15 16,9 83
12 90 120 15 15,7 55.5
13 100 60 2.0 12,4 70
14 100 90 2.0 12,8 70
15 100 120 2.0 11,1 80
16 100 60 15 14,8 96
17 100 90 15 17,9 81
18 100 120 15 14,8 91

3.4. X-ray diffraction [XRD]
3.4.1. XRD for pectin

X-ray diffractogram of prepared pectin is shown
in the figure [6].Pectin shows crystalline peaks in its
diffractogram at 26 equal to 9.5, 11.5, 20.8 28.9,
30.9, and 31.5°, which indicates that it is crystalline.

Intensity (2. u)
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Figure [6] x-ray diffraction of pectin

3.4.2. XRD of MCC, nanocellulose (CNF) and CNC.

X-ray diffraction (XRD) is an analytical technique
which is employed to identify crystalline solids and
extract information regarding the chemical
composition and crystallographic structure. It is
based on the principle of diffraction of X-rays, which
have wavelengths of a few angstroms, the same as the
interatomic distances in crystalline solids. When X-
rays interact with the atoms in the crystalline solids,
they diffract and form numerous sharp spots known
as Bragg diffraction peaks, which provide a unique
signature of the material. [35]. X-ray diffraction
[XRD] of CNF from Figure [7] shows the wide-angle
diffractograms of cellulose nanofibers obtained from
citrus wastes. It is typical of semi-crystalline
materials to have a broad amorphous peak as well as
crystalline peaks on the diffractogram. These peaks
were observed at 2 theta angles of 16 °, 22 °, and 34
°, respectively, which are associated with the
diffraction planes of (101), (002), and (040). Type 1
cellulose exhibits these peaks. X-ray diffraction
[XRD] of CNC was illustrated in figure [7]. The
XRD patterns for MCC acquired using H2SO4 shows
Peaks at 20 = 14.7 °; 16.5 ° and 22.5 °, which
corresponds to the IB cellulose structure that is
related to planes (110), (101) and (002), respectively
[41]. X-ray diffraction [XRD] of MCC From figure
[7]1, The XRD patterns for MCC obtained using
H2S04 were similar and in accordance with the
known diffraction peaks of cellulose with peaks at 26
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angles of 34.5°, 22.5°, and 15.5°, which belong to
diffraction from (0 4 0), (0 0 2), and (1 0) planes,
respectively [36-37].

Intensity (a. u)
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Figure [7] XRD of cellulose and nanocellulose [TEMPO-
CNF, MCC, CNC]

3.5. Scanning electron microscopy (SEM)
3.5.1. SEM for pectin

The morphology of isolated pectin by traditional
acid hydrolysis was characterized using a Scanning
Electron Spectroscopy (SEM). The pectin surface
image was taken with different magnifications as
shown in Figure [8]. The dried pectin form has
crystals in the image of the analysis. This
characteristic indicates that pectin has crystalline
shape in range of 2.00 kx and 1.00 kx.

X

3.5.2. SEM for alpha-Cellulose and Microcrystalline
cellulose prepared from citrus waste

Fibers of cellulose pulp were obtained after the
chemical treatment of biomass, which resulted in the
breakdown of lignin and hemicellulose (Figure 9 A,
B). After bleaching, the original fiber's surface
appeared smooth, suggesting that all traces of lignin
had been eliminated. The morphology of the isolated
MCC was characterized by SEM and the images at
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with different magnifications are shown in Figure 9
(C, D). It can be seen that the drying of the MCC
from water resulted in strong aggregation of the
particles and the figure at 20 micrometer exhibit long,
rod-shaped particles of MCC. As shown in Figure 9
(E, F), SEM was used to examine the morphology of
T-CNF. As a result of the oxidation of the native
citrus waste cellulose, TEMPO-oxidized fibers have a
highly porous surface as compared to native
cellulose. There was a continuous irregular mesh of
cellulose fibers in the T-CNF, sometimes forming
thicker fibers, with thin fibers averaging several
hundred nanometers in length. During freeze-drying
the T-CNF developed large, interconnected pores of
cellulose due to ice growth.

’ \

3 \‘ ’

Figure [9] SEM of (A, B) cellulose, (C, D) MCC and (E,
F) TEMPO-CNF from citrus wastes

3.6. Transmission electron microscopy (TEM) of T-
CNF, and CNC

The morphology of T-CNF was investigated by
TEM. Figure 10 (A) shows the range of diameters of
nanofiber varied from 3 to 10 nm and having a length
varied from nanometers to micrometers. Due to the
presence of carboxylate endings on its surface, the T-
CNF has a uniform structure, as demonstrated by
these data, which are in accordance with our earlier
research and confirm this once more [38-39]. The
transmission electron microscope of CNCs that were
prepared by acid hydrolysis from citrus wastes can be
seen in Figure 10 (B). There is no evidence that
CNCs have agglomerated into larger structures.
Isolated nanocrystals had widths in the range of 4-8
nm and lengths in the range of 60-300 nm. Both
dimensions were measured in nanometers. These
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findings are consistent with those found in previous
research described elsewhere [33-40].

Figure [iO

4. Conclusions

This paper reviewed the preparation of pectin as
well as microcrystalline Cellulose, TEMPO-cellulose
nanofibers and cellulose nanocrystals extracted from
citrus sinensis peel. In addition to their functional
properties, pectin extraction methods can directly
affect their structural and functional properties. The
yield of pectin prepared differs according to different
parameters such as temperature, pH and time; also we
have reached to optimum condition of extraction
which achieves the highest yield. We have made
characterization of pectin, microcrystalline Cellulose,
TEMPO-cellulose  nanofibers and  cellulose
nanocrystals using FTIR, XRD, SEM and TEM
analysis.  Therefore,  pectin,  microcrystalline
cellulose, and other materials could be the focus of
future research, TEMPO-cellulose nanofibers and
cellulose nanocrystals [CNC] extracted from citrus
sinensis peel.
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