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Ab s t r Ac t
Introduction: The most affordable tablet form is microcrystalline cellulose (MCC), a popular pharmaceutical excipient that is utilized 
as a filler or binder in immediately compressible tablets. 
Methods: In the present study, we extracted dissolving cellulose from jute fibers by treatment with 0.1 N hydrochloric acid solution 
and 20% w/w sodium hydroxide solution at high temperature and pressure. The dissolving cellulose was subjected to acid hydrolysis 
at 100°C for 2 hours with 2 N hydrochloric acid. The identity of the MCC was confirmed by FTIR and by determining the degree of 
polymerization. To evaluate the flow property, we determined the bulk, density, tapped density, Hausner index, Carr's index and angle 
of repose. The tableting property of the prepared MCC was evaluated by making fexofenadine hydrochloride tablets.
Result and Discussion: The dissolving cellulose contains 94.67% α-cellulose The DP of the MCC was found 191. The powder properties 
such as bulk density, tapped density, Hausner index and Carr's index, angle of repose values are comparable with that of standard Avicel 
PH102. The hardness, friability, disintegration time and % dissolved in 30 minutes were dissolution value of the tablets 5.6 kg, 0.34%, 
178.17 seconds and 83.89%, respectively. All these values are within the United State Pharmacopoeia range and are comparable with 
the tablets prepared from Avicel PH102 and marketed fexofenadine tablets. 
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In t r o d u c t I o n

Microcrystalline cellulose (MCC) is a depolymerized 
α-cellulose and is widely used as directly compressible 
excipients in the formulation of different tablet dosage 
forms. Recently, the MCC has gotten high attention to the 
pharmaceutical industry because of its high compactness 
power, application of minimum compression pressure, and 
subsequent formation of hard tablets that can disintegrate 
easily. The degree of polymerization (DP) of MCC is lower than 
350.1 The MCC is prepared by acid hydrolysis of α-cellulose 
obtained from wood,2 cereal straws,3 corn cobs,4 bagasse,5 
pineapple leaf,6 5 soybean husk,7 coconut husks,8 flax straw,9 
cotton,10 waste paper,11 wheat straw12 etc. Though it can 
be prepared from different sources, it must have sufficient 
bulk density, flow property, uniform particle size & size 
distribution to be an effective candidate for the formulation 
excipients. The value of these parameters depends upon 
the manufacturing process of MCC and also on the source.

Jute is a natural fiber grown widely in Bangladesh, India, 
China, etc. Chemically, the jute fibers contain 60–62 and 
cellulose, 2024% hemicellulose, 11-13% lignin and small 
amount of proteins, pectins, wax, minerals and tannins.13 
The synthesis of MCC from jute fibers has been reported 
earlier.14 The authors have only characterized the prepared 
MCC by FTIR, SEM. XRD, TGA. No information regarding 
the bulk density, flow property and particle size that affect 

the property of MCC to be useable as tablet excipients has 
been reported. In the present study, we have extracted 
the dissolving cellulose from jute fibers with subsequent 
acid hydrolysis of the cellulose to prepare MCC. We also 
apply the prepared MCC in the formulation of fexofenadine 
hydrochloride tablets and evaluated the tableting properties. 

MAt e r I A l s An d Me t h o d s

Materials
J u te  f i b e r s  we r e  co l l e c te d  f r o m  l o c a l  m a r ke t . 
Cupriethylenediamine hydroxide solution, Anthraquinone 
and hydrogen peroxide (30%) were purchased from authentic 
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supplier of Sigma-Aldrich, Germany. All other reagents used 
in these experiments were in analytical grade.

Preparation of Dissolving Cellulose from Jute Fibers
The jute fibers were cut into small pieces (2-3 cm), soaked 
in 0.1 N HCl solution, and heated at 150°C in a high pressure 
reactor (Model IV, CarlRoth, Germany) for 2 hours. After 
washing with hot water it was again treated with 20% w/w 
sodium hydroxide solution with 0.5% anthraquinone for 2 
hours at 170°C. Treated fibers were washed with hot water 
till neutralization followed by several steps of bleaching and 
alkali extraction with ClO2 at 65°C for 1-hour, H2O2 for 1-hour 
at 60°C. The bleached fibers after washing were dried at 
60°C for a period of 24 hours. The cellulose content of the 
dissolving cellulose was then determined by TAPPI method 
described earlier.15

Preparation of Microcrystalline Cellulose
For the synthesis of MCC, 15 gm of dissolving cellulose 
was soaked with 300 mL of 1.5 N hydrochloric acid and the 
mixture was heated at 100°C for 1-hour. The powder MCC was 
filtered to remove the acid solution, washed with water till 
neutralization and dried at 60°C overnight. The MCC powder 
was then sieved through 120 mesh. The fraction that passed 
through 120 mesh sieve and retained on the 200 mesh sieve 
was collected.

Identification of MCC

Identification of MCC by Degree of Polymerization
The MCC powder’s polymerization degree was determined by 
method described earlier with some modification.16 Different 
concentration (1, 0.5, 0.25, 0.125, 0.625%) of MCC solution was 
prepared in Cupriethylene diamine solution. The relative 
viscosity of these solutions were determined compared with 
the CUEN solution using Ostwald Viscometer 1831. Reduced 
viscosity was calculated from the relative density. A plot of 
reduced viscosity vs. concentration indicated the reduced 
visocity from the Y-intercept value of the straight line. The 
degree of polymerization was then calculated from the 
following equation.

(DP)0.85 = 1.1 x η

Identification of MCC by Fourier Transform Infrared 
Spectroscopy (FTIR)
A small amount of MCC powder was placed on the sample 
holder of FTIR instrument and analyzed by LabSolution 
software in frequency range of 4000–600 cm-1 in transmission 
mode with a resolution of 2 cm-1.

Characterization of Prepared MCC 

Determination of bulk density and tapped density
The MCC powder’s bulk density and tapped density were 
determined using methods described earlier. A total of 10 gm 
of MCC powder was seived to breakdown lump (if any) and 

transferred to a 50 mL measuring cylinder. After determining 
the volume (Vo ) occupied by the powder, the sample was 
tapped 200 times with the healp a tap densitometer. The 
volume (V200 ) of the powder after 200 times tapping was 
determined. The bulk density and tapped density of the 
powder were calculated by dividing the weight (10 gm) of 
the powder by bulk volume (Vo ) and tapped volume (V200), 
respectively.17 The Hausner and Carr indexes were also 
calculated using the following equation.18 

Analysis of flow property by measuring angle of repose 
The prepared MCC powder’s angle of repose (AoR) was 
determined by Powder Angle of Repose measuring tester 
as described earlier. 19 A total of 10 gm of MCC powder was 
passed through funnel and allowed to fall on surface of the 
protractor. The height of the powder and the diameter of the 
base of powder were determined. The angle of repose was 
calculated from the following equation.

Where h is the height of the MCC powder pile, D is the 
diameter of the base of powder, and θ is the angle of repose

Application of MCC in Fexofenadine hydrochloride 
Tablet Formulation

Preparation of fexofenadine hydrochloride tablets
Approximately, 120 mg fexofenadine hydrochloride powder 
was mixed with 262 mg of prepared MCC or Avicel PH102, 15 
mg of sodiumstarch glycolate and 3 mg of Mg-stearate and 
subjected to compression in single punch machine to form 
the tablet. 

Evaluation of hardness of the fexofenadine hydrochloride 
tablets
The hardness of ten tablets was determined using a hardness 
tester (Veego, India). The average force essential to crush the 
tablets was calculated in kilograms. 

Friability test
For the friability test, twenty tablets were taken, weighed and 
transferred to the chamber of Friabilator (Veego, India). The 
chamber was rotated at 25 rpm for 4 minutes. The remaining 
total weight of twenty tablets were measured and % weight 
loss was calculated. 

Disintegration of fexofenadine hydrochloride tablets
Disintegration of the tablets was measured in 0.001 N HCl 
solution at 37 ± 2ºC with rpm of 50 using USP disintegration 
test apparatus. The assemblies were moved up and down at 
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a rate of 30 cycles/minute. The time necessary to disintegrate 
tablet was measured. 

In vitro dissolution of the formulated fexofenadine 
hydrochloride tablets
In vitro dissolution of fexofenadine hydrochloride tablets 
was measured by USP dissolution type II apparatus using 
900 mL of 0.001 HCl solution at 37 ± 0.5°C. The speed of the 
stirrer was 50 rpm. Each tablet was placed in the basket and 
after 30 min period 5 mL of the medium from each basket 
was removed, filtered and diluted 10-fold and; determined 
the absorbance at 220 nm using UV-vis spectrophotometer 
(Model: UV 1700, Shimadzu). The amount of drug released 
in the dissolution medium after 30 min was calculated from 
the standard curve of fexofenadine hydrochloride prepared 
by measuring the absorbance of fexofenadine hydrochloride 
solution having different concentrations.

re s u lts A n d dI s c u s s I o n

The jute fibers were treated with 0.1 N hydrochloric acid at 
150°C for 1-hour followed by 20% w/w sodium hydroxide 
treatment and bleaching with chlorine dioxide and hydrogen 
peroxide to remove the hemicellulose and lignin and to 
isolate the pure cellulose known as dissolving cellulose. The 
dissolving cellulose contains more than 90% α-cellulose.20 
In our case, we got 94.67% of α-cellulose in the sample. This 
confirms that we were able to prepare to dissolve pulp or 
cellulose. The hydrolysis of this dissolving cellulose by 2 N 
hydrochloric acid at 100°C for 1 h produced MCC powder 
which was white in color, tasteless, odorless and free-flowing. 

Identification of the MCC
The prepared MCC and standard Avicel PH102 were evaluated 
to determine the degree of polymerization by determining 
the relative viscosity using Ostwald Viscometer 1831. The 
Y-intercept of the straight line obtained from the reduced 
viscosity vs. concentration for different solutions of MCC 
indicates the intrinsic viscosity. A shown in Figure 1, the 
intrinsic viscosity of prepared MCC and Avicel PH102 is 79.434 
and 85.965, respectively. From the intrinsic viscosity, the DP 

of the prepared MCC and Avicel PH102 was calculated 191 
and 211, respectively. According to USP, the DP of MCC must 
be lower than 350.1 This confirms that our prepared powder 
is MCC in nature. 

The prepared MCC was further identified by FTIR analysis. 
The FTIR spectrum of the prepared MCC and Avicel PH102 
in Figure 2(A-B) reveals that all the peak position at different 
wave number are same. This indicates the similarity of the 
two sample. Both sample showed O-H absorption around 
3297 cm-1, C-H stretching absorption within 2800 to 3000 
cm-1, and C-O-C absorptions around 1024 and 1157 cm-1. All 
these peaks are similar with those of the typical cellulose 
backbone.21 Moreover, there was no peak at 1740 and 1595 
cm-1 in the spectrum. Absence of this absorption peak in the 
spectrum indicates the absence of hemicellulose and lignin 
in the prepared MCC.22,23 This clearly confirms the high level 
purity of prepared MCC which is comparable to Avicel PH102.

Characterization of Prepared MCC 
A crucial factor for a pharmacological excipient is flow 
property. To be utilized as an excipient, the powder needs to 
have the best flow characteristics. In general, a material has a 
better chance of flowing and rearranging under compression 
the higher its bulk and tapped densities are. Bulk density 
provides an estimate of a powder material’s flowability, 
whereas tapped density measures how well a powder may 
be packed in a small area after repeated tapping. In the 
present study, the prepared MCC’s bulk density and tapped 
density are 0.21 ± 0.01, 0.31 ± 0.03 gm/mL. Once more, the 

Figure 1: Reduced viscosity versus concentration curve for the 
determination of degree of polymerization of prepared MCC and 

Avicel PH102.

Figure 2A: FTIR spectrum of Avicel PH102

Figure 2B: FTIR spectrum of prepared MCC
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interparticle friction-related Hausner index can be used to 
predict the powder flow. The prepared MCC has a Hausner 
index that is comparable to that of Avicel PH102, and its value 
is 1.47, indicating that it has passable flowability compared 
to the Avicel PH102 that has the Hausner Index value of 1.28 
± 0.05 (Table 1). Another indicator of powder flowability is 
Carr’s index. Typically, powder flowability is indicated by 
Carr’s index values of 5–15, 16–18, 19–21, 22–35, and 36–40, 
respectively, for excellent, decent, reasonably passable, poor, 
and extremely poor powder flowability.24,25 The Carr’s index 
of the prepared MCC and Avicel PH102 are 31.40 and 22.11, 
respectively indicating the flow property of prepared MCC 
is low compared to the Avicel PH102. 

On the other hand, because of their connection to 
interparticle cohesion, the angle of repose is an indirect 
means of evaluating powder flowability. Powders with an 
angle of repose less than 30 degrees exhibit outstanding flow 
properties, whereas those with 31°-35° and 36°-40° exhibit 
acceptable and passable flow capabilities, respectively.18 A 
repose angle greater than 65 degrees denotes extremely 
poor flowability. The AoR value of the prepared MCC also 
indicates passable flow property while that of Avicel PH102 
indicates good flow property (Table-1). The lower flow 
property of the prepared MCC might be due to the particles’ 
rod shape or surface roughness.

Tableting Property of the MCC
We prepared fexofenadine hydrochloride tablets by direct 
compression technique using prepared MCC or Avicel 
PH102 and evaluated different parameters. The harness of 
the fexofenadine tablets prepared from MCC and Avicel 
PH102 is 5.6 and 5.9 kg, slightly lower than that of marketed 
fexofebadine tablets (Table 2). According to the United States 
Pharmacopoeia, the hardness should be within 4 to 8 kg and 
the friability is lower than 1%. Both the parameters are within 
the range of USP specifications.26,27

The MCC-formulated tablets underwent in vitro 
disintegration using the USP disintegration device. The 
fact that all of the prepared tablets dissolve in 178 seconds 
indicates that the tablets have a very good disintegration 
property. Again, the prepared tablets were subjected to an in 
vitro dissolution study using the USP dissolution apparatus II. 
We generated the fexofenadine HCl curve in order to 

measure the released fexofenadine HCl in the dissolving 
medium after the designated time. The square of the 
straight line’s correlation coefficient indicates an excellent 
connection between the concentration and absorbance 
value, which is > 0.99. In 900 mL of 0.01 N HCl at 50 rpm, the 
tablet formulation made from MCC demonstrated more 
than 80% drug release in less than 30 minutes. Considering 
the aforementioned factors collectively, we may draw the 
conclusion that the MCC made from jute fibers is comparable 
to the commercial Avicel PH102 in terms of several factors 
including identity and flow property. 

co n c lu s I o n

The current effort aimed to utilize jute fibers to produce MCC, 
a highly useful immediately compressible excipient. Using the 
hydrolysis process, we extracted the MCC from the dissolving 
cellulose of jute fibers. Regarding identification and other 
metrics including bulk density and flow property the resulting 
MCC was quite comparable to the commercial Avicel PH102. 
By creating and testing fexofenadine HCl tablets, we further 
demonstrated the derived MCC’s appropriate performance 
as a directly compressible agent in tablet formulation.
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