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Physicochemical and rheological analyses were realized on microcrystalline cellulose (MCC) of colloidal grade, coated 
with octenyl succinic anhydride (OSA) starch. The objective was to prepare a biobased material (OSA-Cel), with new 
characteristics relating to both surface activity and viscosity. The chemical structures of MCC, OSA-starch and OSA-
Cel were studied using FT-IR and XRD analyses, and their surface aspects were determined by surface tension 
measurements. From the results obtained, it was noticed that the FT-IR spectra showed great similarity between the 
characteristics of the crude MCC and those of OSA-Cel. Analysis by XRD showed a peak that was attributed to the 
crystalline phase of the cellulose. Furthermore, it was shown that OSA-starch interacts notably with MCC. The 
rheological properties at different concentrations of OSA-Cel showed the same behavior as that of MCC, a three-region 
viscosity profile (thinning, shear thickening and an infinite shear plateau).  
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INTRODUCTION  

The use of nanomaterials as reinforcing phase 
in polymeric matrices to form nanocomposites 
has attracted much research attention due to their 
ability to improve the mechanical properties of 
such systems.1 Hence, biobased materials have 
been a subject of immense research interest in 
recent years due to their great potential to produce 
a variety of biocompatible products.2-4 

Microcrystalline cellulose (MCC) is a pure 
cellulose that has been partially depolymerized 
via hydrolysis in hydrochloric acid.5 The process 
helps to remove the disordered regions of the 
cellulose, only the highly ordered regions 
remaining.6 Its crystalline nature and involvement 
in hydrogen bonding make significant 
contributions to the chemical and physical 
properties of MCC, in a variety of environments.7 
Furthermore, the development of colloidal MCC 
made available much finer particle forms of 
highly purified crystalline cellulose, and more 
importantly, aqueous suspensions.3 

MCC is utilized in the pharmaceutical industry 
due to  its  interactive behavior and biodegradabi- 

 
lity;5 it is widely used for the stabilization of 
various beverages.8 In the food industry, MCC is 
employed due to its heat stability, thickening 
ability and flow control.9 However, the 
hydrophilic nature of cellulose and its tendency to 
agglomerate are major problems that prevent its 
uniform dispersion in solutions.10 To avoid these 
limitations, surface modification has been 
proposed for better dispersion of cellulose fibers 
in a composite matrix.2,11 In addition, surface 
functionalization was used to reduce the 
aggregation of cellulose at the microscopic scale 
in hydrophobic matrices.12,13 As regards colloidal 
suspensions, a common practice to avoid altering 
their stability and rheological properties is the 
addition of polymers to suspensions. However, 
the presence of two polymers in the same solution 
can generate interactions;14 they can cause two 
types of steric interactions among particles (either 
by polymer adsorption onto particle surfaces or by 
depletion by non-adsorbing polymers). Both of 
them can lead to flocculation and the formation of 
gels.15 



IMENE BOULHAIA et al. 

 546 

Redispersible MCC products containing 
carboxymethyl cellulose (CMC) as dispersing aid 
are commercially available.16 Furthermore, 
coating cellulose microfibrils with anionic 
polymeric additives, such as CMC and 
polyacrylate, has been found to form a water 
soluble interfacial film around the cellulose 
microfibrils while drying, which allows the 
recovering of rheological properties after 
redispersion of dried samples.16-18 

In this study, a suitable approach has been 
developed to prevent agglomeration of MCC 
during dispersion by partially or completely 
covering MCC with octenyl succinic anhydride 
(OSA) modified starch. This strategy is based on 
a simple coating technique involving a modest 
physical treatment, which is convenient and easily 
available.11 

OSA-starch is a corn starch modified by an 
esterification reaction between the hydroxyl 
groups of starch and the octenyl succinic 
anhydride groups.19 Furthermore, the use of OSA-
starch is authorized by the food and drug 
administration.20 Its modification with 
hydrophobic groups gives the starch amphiphilic 
properties.21 

The objectives of this work were to develop a 
new material based on MCC, in the form of 
colloidal suspension, obtained by hydrolysis with 
sulfuric acid. The second phase consists in 
coating the colloidal particles obtained with OSA-
starch in order to prepare a bio-based composite 
material (OSA-Cel), which can be used as 
stabilizer in the formulation of dispersed systems 
or as reinforcing filler in a polymeric matrix. The 
obtained product was characterized in terms of 
chemical structure, morphology, surface aspects 
and rheology. 
 

EXPERIMENTAL 
Materials 

Octenyl succinic anhydride (OSA) modified starch 
was obtained from National Starch and Chemicals 
(GmbH, Germany). Microcrystalline cellulose (MCC, 
Avicel PH 101) was commercially obtained. Sodium 
azide, sulfuric acid and sodium hydroxide were 
purchased from Sigma Aldrich (Switzerland). 
 
Preparation of colloidal MCC 

The preparation of MCC in the form of colloidal 
particles was achieved according to the method 
proposed by Hasani et al.22 with some modifications. 
This protocol consists of a first step of hydrolysis with 
sulfuric acid, followed by several washing steps, 
dialysis and a desulfation step. Hydrolysis was 

performed using a volume of 1000 mL of sulfuric acid 
solution (64 wt%). The reaction being very 
exothermic, the solution was introduced into a flask, 
which was placed in a thermostatic bath to reach a 
temperature of 45 °C. Once the temperature was 
stabilized, a quantity of 50 g of MCC was introduced 
into the acidic solution. After 30 min of hydrolysis, the 
suspension was centrifuged for 10 min at 11000 rpm in 
order to remove the largest amount of acid. The pellet 
obtained was redispersed in distilled water and then 
centrifuged again at 11,000 rpm for 10 min using a 3-
30K Sigma centrifuge (GmbH, Germany). This step 
was repeated until the pH of the supernatant liquid was 
close to the pH of distilled water. The microcrystals 
constituting the final pellet were dispersed in distilled 
water. For the removal of traces of acid, the suspension 
was then placed in a dialysis membrane and dialyzed 
until the conductivity of the dialysis water was stable 
(substantially equal to that of the added distilled 
water). This operation lasted 4 to 5 days and it was 
necessary to change the bath of distilled water three 
times a day. The desulfation operation was carried out 
with a volume of 500 mL of a suspension of MCC (9 
wt%) mixed with a solution of NaOH (2M). The 
mixture was stirred at 65 °C for 5 h; the desulfation 
process was followed by several washing steps to 
remove excess salts and a dialysis step.23 
 
Elaboration of OSA-Cel 

The quantity of the colloidal MCC suspension to be 
coated with OSA-starch was determined 
gravimetrically.16 A well-defined volume of MCC was 
utilized and the suspension was left in the oven at 40 
°C, until it dried completely. The dry matter was 
weighed and the suspension concentration was 
determined, corresponding to the volume utilized in % 
(in wt). The colloidal suspension (100 g) was mixed 
with OSA starch (10 g). The mixture was placed in a 
bath at 40 °C under stirring for 10 min until the total 
dispersion of OSA starch particles in MCC slurry was 
achieved. The obtained product (OSA-Cel) was then 
dried in the oven at 40 °C until it was completely dry.  
 
Characterization methods  

The chemical structures of MCC, OSA-starch and 
OSA-Cel were qualitatively analyzed using FT-IR 
spectroscopy (Bruker Optics, Inc., Tensor 27, 
Germany). Samples were prepared by grinding the fine 
powder with KBr, and scanned over a wavenumber 
range from 400 to 4000 cm-1.  

X-ray diffraction (XRD) was performed in the 
reflection mode, using a Philips PW 1800 apparatus 
(copper Kα line λ = 1.5418Å). The spectra of the 
different samples were recorded in a 2θ domain 
between 15° and 70°, with an angular increment of 
0.04. The crystallinity index (CI) was determined from 
the XRD spectra, according to the method reported by 
Buschle-Diller and Zeronian,24 using Equation 1:  

CI = 1- (Imin/Imax)                  (1) 
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where Imin is the intensity minimum between 2θ = 18 
and 19°, and Imax is the intensity of the crystalline peak 
at the maximum between 2θ = 22 and 23°.  

The surface tensions of the dispersions were 
measured using a bi-directional tensiometer of Du 
Noüy model 70545.  
 
Rheological analysis 

The rheological measurements were performed 
with a constraint and strain-strain rheometer (Anton 
Paar, Physica MCR 302, Germany), using a plate-plate 
geometry (diameter of 25 mm). The gap used was 1 
mm, which means that the possible interface effects 
were very small. The measurement temperature was 
20 ± 0.1 °C; it was stabilized in less than 1 min. For 
the flow tests, shear viscosity was measured at a shear 
rate ranging from 10-3 to 103 s-1. The rheological tests 
were performed for the cellulose suspension (MCC) at 
a concentration of 0.3 wt%. The effects of OSA-Cel on 
the viscosity curves were also tested at concentrations 
ranging between 1.5 and 10 wt%.   

 
Determination of morphology and size distribution 

The morphological characterization was performed 
with an optical microscope (Optika DM-25). The 
purpose of this characterization was the evaluation of 
particle dispersion in the continuous phase 
(enlargement of 40x). The size distribution was 
evaluated using a combination of light microscopy and 
ImageJ software.24 The first step was to introduce into 
the ImageJ software the scale associating the actual 
micrometric size of particles with the size of the 
microscopic photo in pixels. For this, a micrometric 
graduated blade, with 10 µm unit and a length of 0.5 
cm, was used. The second step was to load the 
microscopic photo by the ImageJ software and 
transform it into 8 bit format, it was then contrasted to 
allow physical separation in the continuous phase of 
the dispersed particles, which were simulated as 
ellipses in order to calculate their number and surface. 
The surfaces of the ellipses were assumed to be 
circular in shape, and thus the size (Di) of the particles 
equivalent to the full circular shape was determined (Si 
= πDi

2/4, i represents the number associated with the 
particles). Finally, a numerical table was obtained 
using STATISTICA software, in which the number of 
particles detected and their size (in µm) were 
summarized. The statistical distribution of the particle 
frequency, expressed as percentage, versus size is 
illustrated by a histogram. In parallel, the percentage of 
cumulative frequencies was determined, from which 
we highlight the three characteristic parameters (D10, 
D50 and D90).  

 
 

 

Statistical analysis 
The statistically significant differences between the 

means were evaluated by performing the data analyses 
in triplicate. The results were expressed as 
mean ± standard deviation (SD).  

 

RESULTS AND DISCUSSION 

Chemical structure of cellulose and its 

derivatives 
Figure 1 presents the FT-IR spectra of 

colloidal MCC after desulfation, OSA-Cel and 
OSA-starch. From the spectra obtained, it may be 
noted that the colloidal MCC spectrum contains 
the vibration bands of free or bound -OH bond 
(hydrogen bond) at 3334.56 cm-1, and the 
vibration of the CH and CH2 bond at 2901.65 cm-

1. The peaks between 1000 and 1080 cm-1 
correspond to the vibrations of the COH bond of a 
primary alcohol and C=O of an ester. After the 
operation of coating, the cellulose band partially 
overlaps with that of OSA-starch, but is still well 
distinguished. This proves that the thickness of 
the cellulose fiber coating with OSA-starch is 
greater than the penetration depth of the IR 
radiation in the sample (a few µm). The degree of 
substitution of OSA-starch is low, of the order of 
0.02.25 This does not allow the appearance of 
additional peaks of starch by the modification at 
1723 and 1563 cm-1 of an ester.  

The X-ray diffraction patterns (XRD) of the 
three studied materials are illustrated in Figure 2. 
The diffractogram analysis reveals five intense 
diffraction peaks at 15.13°, 20.62°, 22.17°, 34.01° 
and 18.69° for OSA-starch. For MCC, the first 
four peaks are attributed to the crystalline phase 
of MCC. The peak intensities of OSA-Cel are 
lower than those of MCC, but the peak width of 
both samples is the same. The comparison of the 
XRD diffractograms of initial MCC and that after 
size and surface modification (OSA-Cel) makes it 
possible to highlight this modification. Regarding 
OSA-starch, the XRD spectrum shows a low 
degree of crystallinity with the DS compared to 
that of native starch, which shows a 
morphological crystallinity typical of a type of 
double helix structure.26,27 The obtained 
crystallinity index (CI) values were found equal to 
0.76 for MCC and 0.68 for OSA-Cel. These 
results are in agreement with those obtained by 
Ioelovich,28 who found CI values ranging between 
0.72 and 0.75 for MCC samples.  
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Figure 1: FTIR spectra of (a) OSA-Cel, (b) 
MCC after desulfation (colloidal MCC), and (c) 

OSA-starch 

 
Figure 2: X-ray diffraction patterns of (a) OSA-

Cel, (b) OSA-starch and (c) MCC 
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Figure 3: Surface tension vs concentration of OSA-Cel and OSA-starch 
 
Surface properties 

The surface aspects of OSA-starch and OSA-
Cel were analyzed by surface tension 
measurements. The values of surface tension were 
found to be lower for OSA-starch, which 
confirms its surfactant character. Some authors, 
such as Onesippe and Lagerge,29 reported the 
effect of adding polyelectrolytes on the decrease 
in surface tension. However, the results obtained 
demonstrated an opposite effect. The addition of 
MCC increases the surface tension due to 
desulfation and removal of anionic groups. 
Previous works30,31 showed that cellulose has no 
noticeable effect on surface activity, which 
explains the increase in surface tension when 
MCC is added. However, the values of the critical 
aggregation concentration (cac) measured were, 
respectively, 2.4% for OSA-starch and 0.8% for 
OSA-Cel. This is due to the coating of colloidal 
MCC with the modified starch, which brings the 

polymer chains of OSA-starch closer and 
therefore lowers the cac value. 

The obtained results revealed large differences 
in the behavior of MCC in the presence of OSA-
starch acting as surfactant. It was demonstrated, 
on the one hand, that cellulose is responsible for 
surfactant desorption from the interface and, on 
the other hand, the surfactant interacts 
significantly with the polymer. This was 
attributed to the strong interactions between the 
surfactant micelles and the polymer particles.32 

 

Morphology and particle size distribution   
Figure 4 shows microscopic images (with 

magnification of x40) of MCC before and after 
hydrolysis and desulfation, as well as that of the 
product developed. From the observed images, it 
may be noted that initial MCC has very large 
particles in comparison with those of MCC after 
hydrolysis, which confirms the hypothesis of acid 
treatment. 
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Figure 4: Microscopic images of raw MCC (a), MCC after hydrolysis (b), MCC after desulfation (c) and  

OSA-Cel suspension (d) 
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Figure 5: Cumulative frequency curves of different samples of MCC 
 

Figure 5 illustrates the particle size distribution 
of the raw MCC in suspension. The powder was 
not subjected to any chemical or physicochemical 
treatment. The profile of this distribution seems to 
be of bimodal type, with a first mode around 2.5 
µm, which represents 80% of the population, and 
a second mode, representing a small population, 
which is close to the value of 17 µm. It was also 
noticed from the cumulative frequency curve that 
D10 and D50 are not present. On the other hand, 

the value of D90 is equal to 13.5 µm. In other 
words, 90% of the population has a diameter less 
than 13.5 µm, which implies that the grade of this 
ingredient is micronized, but not colloidal. 

Concerning MCC after hydrolysis and after 
desulfation, it is clear that the distribution is 
monomodal, but it is more extensive next to the 
large particles. The average diameter value of this 
distribution is equal to 3.75 µm; it fluctuates, in a 
confidence interval defined at 95%, between 0.76 

a b 

c d 
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and 5.7 µm. The extreme particle size values that 
are exceptionally present are below 0.1 µm and 
above 7.6 µm. From the cumulative frequency 
curve, the following values are deduced: D10 = 2.2 
µm, D50 = 3 µm and D90 = 6.5 µm. These results 

showed that the majority of the population has a 
diameter of less than 6.5 µm. Thus, at the end of 
the desulfation process of MCC, a powder with a 
micronized grade (size <10 µm) is obtained. 
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Figure 6: Viscosity variation of raw MCC and 
hydrolyzed MCC versus shear rate at a concentration 

of 3wt%  

 
Figure 7: Flow curves of OSA-Cel suspensions at 

different concentrations versus shear rate 
 

 
Rheological properties 

The flow curves expressing the variation of the 
viscosity as a function of the shear rate of a 
colloidal suspension of MCC (3 wt%) before and 
after hydrolysis are illustrated in Figure 6. It may 
be noticed that the rheological behavior is 
significantly influenced by the physiochemical 
properties of the particles. Three well-defined 
regions are observed. At a low shear rate, the 
viscosity is high and then decreases with the shear 
rate. This shear-thinning behavior shows the 
alignment of the cellulose rods under flow. At an 
intermediate shear rate (1-10 s-1), the decrease in 
viscosity is lower. This is due to a high level of 
order of the cellulose rods because of the 
interactions between the particles. However, at 
higher shear rates (>10 s-1), this ordered structure 
decomposes and the rods become individualized. 
The rheological behavior is typical of liquid 
crystalline polymers. Ureña-Benavides et al.33 
reported that the rheological properties and phase 
behavior of such materials are mainly related to 
concentration and temperature. It has also been 
observed that the viscosity of raw MCC after 
Ultra-Turrax grinding is much lower than that of 
MCC after hydrolysis.  

In Figure 7, the flow curves of OSA-Cel at 
different concentrations are presented. It was 
noticed that the rheological behavior of OSA-Cel 
is identical to that of colloidal MCC. These two 
materials exhibit a shear-thinning behavior. These 
findings are in agreement with those found by 

Shafiei-Sabet et al.34 In addition, the flow curves 
in both cases have three regions. In region I, with 
a very low shear rate, a shear-thinning behavior is 
observed in the absence of a Newtonian plateau. 
In the second region (at intermediate shear rates), 
a short pseudo-Newtonian plateau is observed, 
followed by the third region, again describing the 
manifestation of shear-thinning behavior. 

These results can be explained in two ways. 
The first possible explanation is the presence of 
two different populations of MCC and OSA-Cel 
particles of average size and less aggregated than 
the second population formed by the residual 
fractions of MCC particles, where region I is 
attributed to the flow of smaller particles and, 
regions II and III correspond to the flow of MCC 
particles. The second hypothesis is the presence 
of weak intermolecular compounds and 
intramolecular hydrophobic associations due to 
the presence of -CH2- on the carboxymethyl 
group (-CH2-COO-). The first region describes the 
flow resulting from the phenomenon of 
destructuration initiated by the breaking of 
intermolecular bonds, where the predominant 
mode of interaction is intramolecular,35 while the 
second region corresponds to the rupture of 
intramolecular bonds with some resistance, 
expressed here by the presence of the transition 
equilibrium plateau.  
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CONCLUSION 

The main purpose of this investigation was to 
explore new raw materials that are readily 
available, at a relatively low cost. 
Microcrystalline cellulose (MCC) and OSA-
starch were selected, as they possess interesting 
functional properties. The idea was to develop a 
combination of MCC of colloidal grade with 
OSA-starch to produce a composite material 
(OSA-Cel) that can be used as suspending agent 
in the field of dispersed systems. 

Colloidal MCC was prepared by chemical 
treatment of the raw MCC. The particle 
distribution of the obtained suspension was found 
to be of the unimodal type, where the majority of 
the population had a diameter of 6 µm. It was also 
found that the product developed (OSA-Cel) has a 
surfactant power thanks to its composition 
including OSA-starch. The rheological analysis 
revealed the formation of three-dimensional 
networks. From the flow curves, the existence of 
different populations of particles was noticed, 
which are responsible for the different behaviors 
observed.  

In conclusion, the product developed seems to 
have better characteristics from the point of view 
of particle size, stability, as well as rheological 
and surface properties, in addition to its very 
economical production. 
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