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Abstract: Cellulose was extracted from wood dust waste samples of Daniella oliveri and corn cobs by
acetic  acid  and  alkaline  pretreatment  methods,  while  microcrystalline  cellulose  (MCC)  derivative  was
produced by acid hydrolysis in 2 M HCl. The samples were tested for pH, moisture content, swelling
capacities and ash contents. The data obtained were compared with those of commercial MCCs found in
the literature. The functional groups in the microcrystalline cellulose derivatives was confirmed by the
Fourier  transform  infrared  (FTIR)  spectroscopic  method  with  characteristic  absorption  bands  of;–OH
stretching at 3416 cm-1; C-H stretching at 2918 cm-1; -OH bending at 1377 cm-1; 1159 cm-1; and C-O-C
pyranose ring skeletal vibrations at 1026-1033 cm-1. The crystallinity absorption bands appeared at 1436
and 850 cm-1. The characteristic morphological features were established by scanning electron microscopy
(SEM). Furthermore, the crystallinity of the microcrystalline cellulose was further confirmed using the X-
ray powder diffraction (X-RD) technique, which showed three main reflections at 2θ=14.70°, 22.09°, and
34.24°.These results supported that microcrystalline cellulose derivative as cellulose I type and the acid
pretreatment did not affect the structure of  the MCC. The crystallinity indices were 69.3 and 73.2%,
respectively. Daniella Oliveri and corn cob microcrystalline cellulose are, therefore, potential materials for
further processing.
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1. INTRODUCTION

Pollution  is  a  pronounced  concern  in  our
community/environment as a result  of poor waste
management  and  disposal.  The  majority  of  these
wastes are either piled up as an eyesore or left to
fester, putting human and animal life at risk. It is
worth noting that the majority of these wastes are
cellulose-rich  agricultural  byproducts,  including
maize  cobs,  rice  husks,  and  wood  dust,  from  a
variety  of  tree  species.  The  production  of
agricultural  byproducts  is  projected  to  be
approximately  12  million  tons  per  year,  with  the
majority  of  them  not  being  converted  into  other
materials for future use (1). Cellulose is a polymer
of  D-glucose  linked  by  the  -1,4-D-glucopyranose

ring (2). It is made up of hundreds to thousands of
monomers of glucose that are linked together. An
anhydroglucose  unit  of  cellulose  consists  of  two
glucose  units  linked  together  by  a  -1,4-glycosidic
bond and weighs 162.1 gmol-1 (3). Cellulose and its
derivatives have important applications in a variety
of  fields,  including  pharmaceutics,  biomedicals,
paint  industries,  water  purification,  and  cosmetics
(1,4–6).  Microcrystalline  cellulose  (MCC)  is  a
partially  depolymerized  cellulose  in  which  the
amorphous  region  of  cellulose  is  hydrolyzed  to
produce crystalline  cellulose  with  a  larger  surface
area  for  better  application  (7–9).  MCCs,  like
cellulose,  are white,  colourless,  and odourless but
have  a  larger  surface  area  and  a  more  ordered
crystalline structure. 
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Corn is cultivated all over the world  and consumed
daily by man and animal in different forms. Knoema
estimated  the  global  corn  cultivation  to  be  3.13
million  thousand  tonnes  in  1971  alone,   with  an
annual 3.06% increase, the production rise to 1.162
billion tonnes in 2020 (10). It is estimated that the
ratio of corn grains to corncob is 100:18 (11). From
the figures quoted earlier, this implies annual corn
cob  generation  of  corncob  in  2020  alone  is
approximately  210  million  tonnes.   Corncobs  find
application is their uses as poultry feed formulation,
polisher, bio-oil and biochar. The efficacy of corncob
as alternative source of microcrystalline cellulose in
pharmaceutical  formulation  has  also  been
investigated  (12,13).  Apart  from  the  applicaions
stated above,  several reports are availble on the
use of corncob as a very good source of compouds
such  as   furfural,  ethanol,  xylitol,  succinic  and
propionic acid, phenolic compounds, bio-adsorbent,
biobased rigid polyurethane foam, hollow spherical
carbon, and p-hydroxycinnamic esters (1,14,15).  

Daniellia  oliveri (DAN)  is  a   soft  wood deciduous
mostly   cultivated  in  the  tropical  region  of  Africa
(16). This plant is basically cultivated for medicinal
and  economic  benefits;  the  young  leaves  of  this
plants are cooked and consumed (17), the matured
are  used  for  the  treatment  of  stomach  troubles,
diabetes,  dysmenorrhoea,  haemorrhoids  due  to
their  abortifacient, aphrodisiac, astringent, diuretic,
emmenagogue and stomachic properties (18). The
seeds are eaten (19),  decoction from the roots are
used  in  the  treatment  of  gonorrhea  and  skin
diseases  (20). The gum-resin from the stem-bark
and wood is used in the treatment of gonorrhea and
laxative and also used for the manufacture of wood
polish, perfumes and varnishes (21). The gum-resin
obtained form the wood of this plant has also been
used as binder in pharmaceutical formulation (22).
An aqueous extract of the powdered bark has been
shown  to  have  effective  pain-reduction  properties
and also to be antioxidant. The trunk are sold as
timber for furniture and manufacture of equipment
(23). 

Characterization and use of the cellulosic content of
the  DAN.  plant  have  not  been  widely  studied  in
literature,  to  the  best  of  the  author’s  knowledge.
Cellulose however,  can be obtained from different
part  of  the  plant:  For  example,  the  wood  dusts
which is a waste or by product of milling the timber
obtained from the  DAN. for production of furniture
and  other  tools  are  good  source  of  cellulose  for
extraction  and  characterization.  Some  of  the
physical and spectroscopic characteristics of corncob
MCC  in  comparison  to  that  obtained  from  DAN,
another plant specie is not widely investigated for
its  cellulosic  content.  This  research  therefore,
reports  some  of  the  physical  and  spectroscopic
properties of MCCs produced from Daniella oliveri's
cellulosic  waste  and  corncobs.  This  broadens  the

horizon  of  cellulose  sources  and  applications
because,  it  is  expected to  replace  toxic  and non-
biodegradable raw materials in the near future.

2. MATERIALS AND METHODS

2.1. Sample Collection and Preparation
Corncob  (C.C)  wastes  lying  fallow  in  the
environment  were  randomly  picked  in  the  north-
central  part  of  Nigeria  during  the  maize  harvest
season. This was to help clean up the litters from
the environment.  Wood dust  of  DAN tree  species
was  obtained  from  a  local  wood  milling  factory
environment in Kwara state, north-central, Nigeria.
The local name for the  Daniella oliveri  sample was
identified at the point of collection by its local name,
while  the  botanical  name  was  obtained  through
herbarium  of  University  of  Ilorin.  Both  samples
(corn cob and Daniella oliveri wood dust) were sun
dried to remove excess water for easy grinding and
further processing.

2.2. Extraction of Cellulose
Cellulose  I  was  extracted  by  the  chemical
pretreatment  method,  while  Cellulose  II  was
obtained by acid hydrolysis in 2 M HCl. The method
of  cellulose  extraction  used  in  our  previous
publication (24), we employed a slight modification.
500 g of DA or Corn cob was weighed into a quick fit
flask, and 10% sodium hydroxide was added. It was
then refluxed for four hours. The mixture was left to
cool.  It  was then filtered  and  washed with  water
until  neutral,  washed with ethanol and dried.  The
dried residue was poured into a beaker, 10% acetic
acid  was  added,  and  the  beaker  was  heated  for
three hours. It was then filtered and washed with
water  and  ethanol  and  dried.  Hydrogen  peroxide
was added to the sample, and it was refluxed for
three hours to further delignify. It was filtered and
washed with water  and ethanol.  Hypochlorite was
added and refluxed for three hours (until it turned
white/off-white). The sample was thereafter washed
with  water  and  ethanol,  dried,  and  blended  into
finer particles and stored for further use.

2.3. Preparation of MCC
MCC  was  prepared  by  acid  hydrolysis  of  the
cellulose samples obtained above in 2 M HCl under
reflux in a 500 mL quick-fit flask. The reaction was
carried  out  at  80  °C  for  4  h  with  a  continuous
stirring speed of 700 rpm. The reaction mixture was
cooled to room temperature  and filtered,  and the
residue was repeatedly washed with distilled water
until it was free from acid residue by testing the pH
of the solution with a digital pH meter. The obtained
MCC was dried in a hot air oven at 80 °C until  a
constant  weight  was  achieved.  Using  the  dry
blender  compartment,  the  dried  MCC  lumped
together was ground into a fine powder.
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2.4. Percentage Yield
The percentage yield of cellulose was calculated by
dividing the final weight of cellulose obtained by the
initial  weight  of  the  cellulosic  sample.  The
percentage  yield  of  both  cellulose  and  MCC  was
obtained using the expression below; 

Y ce l l= F wc e ll
Cw ce l l∗100

  (1)

Y mc c= W h
F wc e l l∗100

(2)

Ycell= Percentage Yield of cellulose;
Fwcell= Weight of cellulose extracted;
Cwcell= Weight of crude cellulose 
Ymcc= Percentage Yield of MCC; 
Wh= Weight of Hydrolyzed cellulose; 

2.5. Starch Test
The  presence  of  starch  in  the  sample  was
investigated by adding approximately 3 mL of iodine
solution  to  0.1  g  MCC  samples  in  a  beaker.  For
comparison, the same amount of iodine solution (3
mL)  was  added  to  0.1  g  of  reference  standard
starch  in  another  beaker.  Blue-black  colouration
indicates the presence of starch, while no change in
colour  indicates  the  absence  of  starch  in  the
cellulose  backbone.  The  absence  of  blue  black
colouration was taken as an indication of a positive
result for cellulose.

2.6. Ash Content
Each of the prepared MCCs (2 g) was  placed in a
furnace at  600 °C for  6  h.  The  ash  content  was
determined using the following equation:

[(W i−W f

W i
)×100]−100 (3)

where Wi= initial weight of the sample Wf =  final
weight of the sample(i.e weight of ash)

2.7. Moisture Content
Each of the samples (1 g) was placed independently
in  a  white  porcelain  crucible  with  a  cover.  The
samples were dried in an oven for 3 h at 105 °C.
During drying, the weight of the samples was taken
at  30  min  intervals  until  a  constant  weight  was
obtained. The moisture content was calculated using
the equation below.(25)

( A−B
A )∗100  (4)

A= initial weight of MCC
B= final weight of MCC after drying

2.8. pH Measurement
Each of the samples (1 g) was placed in a 10 ml
clean measuring cylinder, a few milliliters of distilled
water  was  added  to  the  samples  and  shaken
together, and the volume of the sample and water
was  brought  to  10  mL.  The  mixture  was  left  to
settle,  and  the  pH  of  the  supernatant  liquid  was
measured with a digital pH meter.

2.9. Water Uptake Capacity
Distilled  water  (4  mL)  was  poured  into  a  10  mL
beaker  containing  MCC  samples  whose  bulk  and
tapped volume had been obtained. The mixture was
agitated, and the volume of the mixture reached 10
mL. The mixtures were left to stand for 72 hrs, the
swelling  volume  Vs  was  obtained,  and  the  water
uptake capacity was calculated using the equation:

WUC (% )=V s−V t
V t

x100  (5)

WUC (%)= Percent Water uptake capacity
Vs= volume of sample after swelling
Vt=Tapped volume of the sample

2.10. Fourier Transform Infrared Spectroscopy
(FTIR)
The  chemical  composition  of  each  sample  was
determined  by  determining  the  functional  groups
using FTIR spectroscopy. A few milligrammes (mg)
of dried cellulose and MCC derivatives were mixed
with potassium bromide (1:90) and compacted into
transparent tablets using a hydraulic press (M-15,
Technosearch).  An  FTIR  spectrometer  (ALPHA-II,
Bruker,  Germany)  was  utilized  to  investigate  the
transparent tablets in the range of 4000–400 cm-1.

2.11.  X-Ray  Powder  Diffraction  Spectroscopy
(XRD)
The degree of  crystallinity of  the MCC derivatives
was  determined  using  an  X-ray  diffractometer
machine (PANalytical, Model: X’pert PRO) powered
by a 40 kilovolt X-ray generator at an input of 30
Ma  with  Cu  K  alpha  radiation.  The  crystallinity
indices  of  the  samples  were  calculated  from  the
spectrum  obtained  using  the  origin  software  by
determining the area of the crystalline region and
the  area  of  the  crystallinity  as  well  as  the
amorphous  region  and  then  using  the  equation
below to determine the crystallinity index of each
sample.

C . I=( I c
I a+ I c )×100 (6)

C.  I  = Crystallinity  index;  Ic= Area of  Crystalline
peaks, Ia +Ic = Area of Amorphous and Crystalline
peaks.

2.12. Scanning Electron Microscopy (SEM)
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The degree of  crystallinity of  the MCC derivatives
was evaluated using X-ray diffractometer equipment
(PANalytical, Model: X'pert PRO) using Cu K alpha
radiation and  a 40 kilovolt  X-ray generator  at  an
input of 30 Ma.

2.13.  Thermogravimetric  and  Differential
Thermal Analysis (TG/DTA)
Thermogravimetric  analysis  (TGA)  was  performed
on the derivatives to track the thermal degradation
trend,  whereas  DTA  was  used  to  determine  how
much weight was lost at a given temperature. TGA
measurements  were  carried  out  with  an  STA449
(F3,  Netzsch,  Germany)  under  a  nitrogen
atmosphere (40 mL/min), and the derivatives were
heated at a rate of 10 °C/min from 50 °C to 850 °C.
The  remaining  weight  loss  was  determined  by
measuring it at 850 °C.

3. RESULTS AND DISCUSSION

3.1. Appearance
The  cellulose  revealed  white  to  off-white  with  a
rough to smooth appearance due to the presence of
both  crystalline  and  amorphous  regions  of  the
cellulose  molecule.  On  the  other  hand,  the  MCCs
prepared from the initial cellulose appeared smooth
with  white  to  off-white  in  colour.  The  smooth
appearance of the MCCs is related to the breakdown
of  the amorphous part  of  the cellulose compound
leaving behind the powdery crystalline region.

3.2. Percentage Yield
The  percentage  yields  of  the  cellulose  was
calculated  by  dividing  the  weight  of  the  cellulosic
biomass  before  extraction  by  the  weight  of  the

cellulose obtained after extraction. The percent yield
of the MCCs was obtained by dividing the mass of
the cellulose obtained before hydrolysis by the mass
of  the  product  obtained  after  hydrolysis.  The
percentage yields of cellulose samples were 60% for
C.C and 55% for DAN. The MCC yields were 80 and
75% for C.C and  DAN samples,  respectively.  This
showed  that  the  method  of  preparation  of  the
cellulose  compound  gave  cellulose  with  a  good
degree of crystallinity, hence leaving behind a larger
amount  of  the  crystalline  region  than  the
amorphous region after extraction. This claim was
proven by the small  difference in  the crystallinity
indices of the cellulose and MCC derivatives, which
was supported in the XRD analysis. The percentage
yield of the cellulose is as presented in the table 1
below:

Figure  1: Cellulose  extracted (left)  and prepared
microcrystalline cellulose (right).

Table 1: Percent Yield of Cellulose and Microcrystalline cellulose.

No. Sample Cellulose(%) MCC(%)
1. CORN COB 60.0±0.5 80.0±0.5
2. DANIELLA OLIVERI 56.5±0.29 75.0±1.0

Figure 2: Bar chart representation of yields.
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3.3. Starch Test
A starch test was conducted on the MCC derivatives
to ascertain the absence of other carbohydrate such
as  starch,  in  the  cellulose  molecule.  The  MCC
derivatives gave no colour change upon the addition
of  Iodine,  as  the  reddish  brown iodine  remained,
while starch gave blue-black colouration. The blue-
black colouration of the starch was persistent, while
the  reddish  brown  colour  of  the  iodine  sublimed
from  the  MCC  solution  after  being  kept  at  room
temperature for 2 h.   This is because, starch being
a  branched  α-polymer  of  glucose,  forms  helical
secondary structures which can hold iodine, which
leads to a reaction and consequent colur change.But
cellulose a linear ß –polymer of glucose, does not
contain  helices,  and  so  cannot  hold  iodine  which
prevents interaction, hence, no color change. 

3.4. Ash Content
The  percentage  ash  content  values  obtained  are
shown in  the  table  2  below,  which was taken  as
evidence that the MCCs derivatives had very little
non-cellulosic  residues  (25).  The  results  were
corroborated  with  those  in  the  literature,  with  a
percentage ash concentration of 1.95 for Avicel- -
102,  a  commercial  excipient.  This  finding
demonstrated  that  MCCs  derivatives  derived  from
these two agricultural wastes samples can compete
rather  well  with  commercially  available  MCCs
(26,27). 

Table 2: Percent Ash content of MCCs.

No. Samples %Ash
content (%)

1. Corn Cob 0.80±0.10
2. Daniella oliveri 1.30±0.05

3.5. Moisture Content
The moisture  content  of  MCCs  reveals  how much
water they can absorb from the environment. The
lower  the  moisture  content  of  the  material,  the
better  it  can  be  utilized  as  a  material  for  direct
compression excipient in pharmaceutical application
while  the  higher  the  moisture  content  (28),  the
better is it to be used is other applications such as
hydrogel for water storage for plant (29). According
to the results from this study, the values obtained
are within the usual range of less than 7% reported
in the literature (27). The results of this study are
presented in the table 3 below:

Table 3: Percent Moisture content of the MCCs.

No. Samples Moisture
Content (%)

1. Corn cob 1.80±0.12
2. Daniella oliveri 10.10±1.0

3.6. pH Determination
The pH of the derivatives was found to be neutral,
falling  within  the standard acceptable limit  values

for neutral MCCs of pH 6-7.5 (30). Table 4 below
summarizes the findings:

Table 4: pH Values of the MCCs.

No. Samples pH

1. Corn Cob 6.56±0.02
2. Daniella oliveri 6.3±0.01

3.7. Water Uptake Capacıty
The increase in the volume of water taken up by the
MCC derivatives following absorption was measured
by  the  water uptake capacity, which measures the
ability of the sample to swell. The derivatives have a
moderate to high  swelling ability, according to the
results.  The  values  for  the  swelling  ability  of  the
MCC derivatives are shown in the table 6 below, and
these values favourably agreed with those reported
in  the  literature (26). The values obtained for the
two samples showed the corn has a better ability to
take up more water into its cellulosic backbone than
the  DAN samples  but the moisture contents value
suggests the DAN sample takes up moisture easily
from  the  atmosphere  than  the  corncob.  This
phenomenon  might  be  due  to  difference  in  their
cellulosic origin which might make cellulosic sample
to  absorb moiture  easliy  but  releases  it  easliy  as
well due smaller surface area. This can be explained
by  the  SEM  appearance  of  the  MCC  samples
showing DAN with longer strands than the C.C with
shorter agglomerates due to larger surface area and
higher crystallinity as evidenced in the crystallinity
indices values of the materials. 

Table 5: Water uptake Capacity of the MCCs.

No. Samples WUC (%)
1. Corn Cob 115.00±0.58
2. Daniella oliveri 78.60±2.00

3.8.  Fourier Transform Infrared Spectroscopy
(FTIR)
The FTIR spectra of cellulose and MCC derivatives
are  presented  in  the  figure  3.  Native  cellulose
affords  absorption  bands  at  approximately  3300,
2900, 1430, 1374, 1100, 1050, and 890 cm-1 Liu,
2007.  Absorbance  peaks  in  the  regions  of  3450–
3300  cm-1 and  2900–2800  cm-1 are  caused  by
stretching of O-H groups and saturated aliphatic C-
H, respectively. The skeletal vibrations of the C-O-C
pyranose  ring  are  responsible  for  the  peaks  that
occurred  at  approximately  1050  cm-1 (8,31,32).
The C-O asymmetric bridge stretching was caused
by absorption  bands  at  approximately  1374 cm-1.
Furthermore, the absorption peak at 1429 cm-1, due
to a symmetric CH2 bending vibration and referred
to as the "crystallinity band," due to a symmetric
CH2 bending  vibration  (33).  Because  of  the
hydrophilic  nature  of  cellulosic  material,  the
absorption  peak  at  1624  cm-1 is  responsible  for
water  absorption  (34).  The  absence  of  peaks  at
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1512 cm-1 and 1735 cm-1, which correspond to the
C-C aromatic bending and aromatic C-O stretching
in hemicelluloses and lignin, respectively, indicated
that  the  pretreatment  procedure  effectively
removed  noncellulosic  components  of  the  raw
materials (35–38).

3.9. X-Ray Powder Diffraction (XRD)
The crystallinity indices of the derivatives indicated
that  the  amorphous  cellulose  region  was  broken
down,  leaving  the  crystalline  cellulose  material
behind, generating microcrystalline cellulose.  DAN.
and C.C had crystallinity index values of 69.3 and
73.2%  respectively,  which  is  a  good  value  for
microcrystalline cellulose. The increase in value for
the MCCs over the cellulose samples indicated that
the amorphous region of the cellulose samples was
broken down during hydrolysis. The samples'  XRD
Spectra are shown below. The diffraction patterns of
all  the  MCC  samples  showed  sharp  peaks  at  2
angles of approximately 14.5°,  17°, 22.7°, and 35.5°

for all the compounds, which were assigned to the
usual cellulose I reflection planes. The results were
identical to those found in the literature for carbon
nanocellulose  and  microcrystalline  cellulose  (39–
42).

3.10. Scanning Electron Microscopy (SEM)
From the overall view, the SEM micrographs of the
cellulose samples showed the fibre strands with long
and short tubes connected to one another, and the
presence of both long and short tubes was due to
the  amorphous  and  crystalline  structure  in  the
cellulose  backbone.  The  microcrystalline  cellulose
derivatives  showed  non-uniformly  distributed  and
shorter  microcrystalline  particles,  creating
microcrystals  due  to  hydrolysis  and  displaying  a
large sample surface area. This was caused by the
amorphous region breaking down during hydrolysis,
resulting in a microcrystalline structure with a huge
surface  area.  The  surface  area  patterns  from the
analyzed  varieties  were  similar  but  those  of
corncobs formed agglomerates better than those of
the  DAN sample  which makes it  (C.C MCC) more
crystalline as evident in the crystallinity indices of
the  materials  calculated  from  the  XRD  results.
Overall, the microcrystalline cellulose from each of
these  samples  may  be  used  as  raw  starting
materials  for  further  processing  either  as  direct
compression  excipient  in  pharmaceutical  drug
formulation, biomedicals and paint industry due to
their  crystallinity  and  appearance.  Their  water
holding  capacities  suggests  the  samples  as  good
candidates in hydrogel formation for water storage
agent for plants’ roots..

3.11.  Energy  Dispersive  X-Ray  Spectroscopic
(EDS) Analysis
The  EDS  analysis  of  the  samples  showed  the
presence  of  Carbon  (C)  and  oxygen  (O)  as  the
predominant  element,  which  revealed  materials
prepared are purely cellulosics. As expected for pure

cellulose products, elements like sodium (Na) and
sulfur (S), which might be present as contaminants
during  pretreatment  and  Microcrystalline  cellulose
preparation, were absent. Conclusively, good grade
cellulosics successfully, were prepared. It is worthy
of note that the presence of Au and Nb elements is
due to gold  element used in  coating the samples
before analysis.  

3.12.  Thermogravimetric/Differential  Thermal
Analysis (TGA/DTA)
The thermogravimetric curve demonstrated that the
microcrystalline cellulose derivatives degraded in a
single  step  from  400  to  500  °C.  The  first
degradation step is as a result of loss of water or
moisture  due  to  the  hydrophilic  nature  of  the
samples  while  the  other  step  involves  the
breakdown  of  the  microcrystalline  cellulose
derivatives into ashes. From the thermogram, C.C
MCC had better thermal stability than DAN MCC at a
degradation temperature of 500 °C, which could be
due  to  its  high  swelling  capacity.  Overall,  the
samples'  thermal  breakdown  patterns  verified  the
absence  of  hemicelluloses,  lignin,  and  little  or  no
residues of contaminants in their core structure. As
a  result,  the  MCCs  are  thermally  stable.  Similar
results  are  widely  reported  in  literature  for
microcrystalline  cellulose  derivatives  from  other
plant species such as date seeds, tea wastes, rice
husk,  pomelo  peels,  wheat  straw  and  cotton.
(2,8,24,28,34,43)  The  Tmax (temperature  at  which
maximum weight loss occurs) for the samples was
450 °C. These samples, which are thermally stable,
serve  as  raw  materials  for  future  material
functionalization and applications. 

4. CONCLUSION 

Microcrystalline cellulose compounds were prepared
and  characterized  from  cellulose  isolated  through
alkaline  hydrolysis  of  cellulosic  wastes.  This  work
serve  as  a  workable  model  to  clean  up  the
environment  by  removing  some  of  the  cellulosic
wastes  from  the  environment,  therefore  reducing
possible environmental pollution by their presence.
On the other hand, the wastes were converted into
good-grade  microcrystalline  cellulose  that  will  be
useful in various areas such as in direct compression
excipient  in  pharmaceutical  formulation  or
agriculture  as  water  storage  excipient.  From  the
properties  displayed  by  these two MCCs,  the  C.C
sample gave cellulose with better yield and physical
as  well  as  spectroscopic  properties.  Due  to  their
(C.C)  high  water  uptake  ability,  they  can  be
employed in agriculture as water retaining hydrogels
that  can  be  prepared  by  grafting  the  MCC
compounds  onto  other  natural  or  synthetic
polymers. This is owning to their high water uptake
ability.  The  derivatives  from  Daniella  oliveri,  an
underutilized  plant  in  the  area  of  cellulosic
application  on  the  other  hand,  might  serve  as  a
good  or  even  better  candidate  in  the
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pharmaceutical,  biomedical  or  paint  industry  than
the corncob derivatives. Overall, good grade MCCs
were prepared from wastes obtained from nature.
The  wastes  were  processed  into  useful  raw
materials that will now be sent back to nature in a
useful  form  as  raw  materials  for  several
applications. 
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