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Abstract

Comparison of Physicochemical and Binding Properties of Novicel™ Microcrystalline 
Cellulose and Avicel® PH 101 in Direct Compression of Ascorbic Acid Tablets 

Microcrystalline cellulose (MCC) is a key excipient in formulation and production of pharmaceutical solid dosage forms such 
as tablets. In this study, the microcrystalline cellulose (Novicel™) obtained from sugarcane bagasse (a waste material from 
sugarcane factories) was compared with Avicel PH 101 (a commercially available MCC) for its physicochemical characteristics 
and potential as a dry binder in direct compression of ascorbic acid tablets. 

physicochemical and tableting properties in comparison with Avicel PH 101 using standard methods. 

physicochemical properties such as Carr’s index, Hausner’s ratio, pH, and angle of repose were similar for both MCC samples 

work as same as Avicel® in direct compression tableting. 
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Introduction

sugar pulp. With growing demand for sugar all over the world exceeding USD 52 billion in 2022 [1], the cultivation of sugarcane has 

1.71 billion tonnes in 2008 to 1.87 billion tonnes in 2020 from cultivation of 20 million ha [1]. In East Africa, 36 million tonnes of 
sugar cane is grown annually generating the SCB waste of close to 4.86 tons [2]. Uganda, the leading East African country in the 
production of sugarcane produced over 514, 000 metric tonnes in 2019 and this is projected to reach 5.8 million metric tonnes by 

but in most sugarcane processing industries, only half of the waste is consumed for this purpose leaving excess to the environment 
[5]. 

materials including medical materials, packaging, absorbents, coating, and membrane production [6-7]. Cellulose is a semi-crystalline 

crystalline regions of the native cellulose can be separated using chemical methods (especially strong acids) which interfere with the 

pharmaceutical applications in drug delivery. 

Microcrystalline cellulose (MCC), a pure partially depolymerized cellulose synthesized from α-cellulose precursor (crystalline region) 

commercialized under the brand name Avicel [9]. MCC can be synthesized by various processes including reactive extrusion, enzyme 

it a vital and the most popular ingredient in production of pharmaceutical tablets using direct compression (DC) technology [9]. 
Direct compression is the cheapest and simplest method of tableting utilizing only two unit operations (mixing and compression) 
by-passing the traditionally used resource-intensive granulation process. DC is also convenient for drugs that are unstable in water 
due to hydrolysis such as ascorbic acid. MCC, when included in a tablet formulation, improves the mechanical integrity and physical 
characteristics of tablets which are of major importance in ensuring dosage stability during transportation and handling [11], thus 
making it an ideal diluent or binder for DC tableting method. 

Despite the relevance and high demand of MCC in pharmaceutical industries and existence of methods to produce it from abundant 
waste material such as SCB, in Uganda and most other African countries, MCC and other pharmaceutical ingredients are still 

pharmaceuticals to sustain its needs, the 20 % medicines produced locally are still assembled from imported raw materials ranging 

development of pharmaceutical grade ingredients especially at a time when the government is now advocating for value addition and 
industrialization to minimize dependence on imported goods. 

material attributes (physicochemical parameters) and binding characteristics of Novicel ™, an MCC brand locally developed in 
Uganda from sugarcane bagasse waste material, to Avicel®, a commonly used commercial brand of MCC in most pharmaceutical 
industries in the country. Ascorbic acid was used as a model API for formulation of tablets by DC using Novicel™ and Avicel ® as dry 
binders and/or diluents. 

List of Abbreviations: MCC: Microcrystallline Cellulose; DC: Direct Compression; BP: British Pharmacopoeia; USP: 
United States Pharmacopoeia; NF: National Formulary; API: Active Pharmaceutical Ingredient; SCB: Sugarcane Bagasse; 
FMC: Food Machinery Corporation; CMA: Critical Material Attributes; HR: Hausner’s Ratio; CI: Carr’s Index; MIC: 
Micrometer; MUST: Mbarara University of Science and Technology
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Materials and Methods 
Materials 

Fresh sugarcane bagasse sample was obtained from Sugar Corporation of Uganda Ltd, SCOUL (Lugazi, Uganda); Hydrochloric acid, 
Sodium hydroxide, Potassium Iodide, Zinc Chloride, Ascorbic acid, Iodine, Hypochlorite used were of brand Loba Chemie Pvt. Ltd, 
(India); distilled water was obtained from Pharmaceutical Chemistry/ Analysis Laboratory of Mbarara University of Science and 

(Uganda). 

Extraction of Cellulose and its Conversion to MCC 

heated in sodium hydroxide (2.5 M) at 80
 and treated with 5.5% HNO3 to complete lignin 

 for 3 h. 

at 80

Physicochemical Characterization (Critical Material Attributes) of Novicel™ and Avicel® 101. 

Iodinated zinc chloride solution was prepared by dissolving zinc chloride (20 g) and potassium iodide (6.5 g) in distilled water 

samples (0.5 g each) were introduced onto the equipment sample holder, and the percentage of moisture measured according to 

were measured using a calibrated pH meter (Elektro Genesis, Germany) and recorded. For each sample, the procedure was repeated 
in triplicates. 

were determined according to methods previously described [16]: 

using the equation: 
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Where h - height of a heap and r - radius of a heap 

Where  - bulk density, m - mass and v - volume. 
Tapped Density (

Where 

Where “ρtapped” - Tapped density, and “ρb” - Bulk density 
True Density and Porosity.

were calculated using the following equations [15]:

gravity of xylene. 

:

Determination of Capacity 

sample was recorded as V2 and swelling index and capacity (%) calculated using equations below:
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Total Ash 

[17].

incineration) 

Formulation Ascorbic Acid Tablets 

101), Lactose, Ascorbic acid, Stearic acid, Talc and Silicon dioxide were passed through a sieve (#150 MIC) to obtain powders with 
relatively uniform particle sizes, then weighed according to the formula in Table 1 for 50 tablets. MCC and Ascorbic acid were mixed 
together for 5 minutes and lactose added to it. Silicon dioxide and talc mixture was added to the sample mixed for another 5 minutes. 

Evaluation of Ascorbic Acid Tablets 

Assay 

(0.1, 0.2, 0.4, 0.6, 0.8, and 1) and the absorbance measured at 288 nm. A calibration curve of absorbance against concentration 

corresponding to the average was measured and dissolved in 0.1 M HCl (100 mL), their absorbance was then read using a UV/Visible 

regression equation of the calibration curve.

Weight Uniformity 

Table 1: Ascorbic acid Tablet Formulation

Ingredients (mg) F1 (Novicel™) F2(Avicel®)

Ascorbic acid 200 200

Novicel™ 250 -

Avicel® 101 - 250

Lactose 44 44

Stearic acid 1.0 1.0

Talc 2.5 2.5

Silicon dioxide 2.5 2.5

Total (mg) 500 500
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variation (% CV) was calculated for each brand sample according to the equation below [18]. 

Friability Test 

Six (6) tablets were de-dusted and collectively weighed (W1) then transferred to a friability test apparatus set to rotate at 25 r/min 

From the two weight values, the friability of each batch of tablets were calculated according to the equation 12:

Hardness Test 

Ten (10) tablets were chosen randomly from each formula and their hardness measured using the hardness tester in KgF (VTHT-500, 
India). 

Disintegration Test 

Six (6) tablets randomly selected from each of the formulas were placed in separate tubes in the basket rack assembly of a tablet 

2000 COPLEY, UK) was then started and the tablets carefully observed until the time (minutes) when no residue remained on the 

Dissolution Test 

the sample was drawn with replacement using the same media kept at the same temperature at time intervals of 5, 10, 15, 30, 45 and 
 

calculated from the standard plot equation and its amount in the samples determined using the equation below:

Percentage of drug released was calculated using the equation below.

made using the two samples of MCC as binder-diluent. A model independent approach as recommended by US FDA guidance 

following equations:

Where n is the number of time points, Rt is the dissolution value of the reference batch at time t, and Tt is the dissolution value of 
the test batch at time t.
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Data Presentation and Analysis 

Results 

Physicochemical Properties (Critical Material Attributes) 

shaped) particles intertwined with aggregates of a few spherical particles as shown in Fig. 2. Morphologically, the Novicel® had 

pharmacopoeial ranges for MCC pharmaceutical grade. 

Figure 1: Comparison in color of Novicel™ (MCC SC Bagasse) and Avicel® PH-101 (MCC RENE, 

sample powder of Avicel PH-101 obtained from RENE Pharmaceutical Industries Uganda).
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oand statistically 

compared to the Avicel standard implying that, the latter is better in terms of compaction and packing characteristics which is in 

swelling power or capacity compared to Novicel™ at P≤ 0.05 (Table 2), and thus expected to have faster disintegration. Also the total 

commercial brand (Table 2). 

Figure 2: Light microscopic images of Novicel™ (SCB x400) and Avicel® 101 (Avicel x400) 

Table 2: Comparative Physicochemical Properties of Novicel™ and Avicel® PH 101

Parameters Avicel® 101 (Mean ± SD) Novicel™ (Mean ± SD) P-value (P≤0.05)

Moisture content (%) 4.337 ± 0.219* 5.370 ± 0.220* 0.0045

pH 6.45 ± 0.050* 6.25 ± 0.050* 0.0080

Angle of repose (°) 42.85 ± 3.219 48.13 ± 0.767 0.0507

Bulk density (g/mL) 0.4004 ± 0.016 * 0.2609 ± 0.004* 0.0001

Tapped density (g/mL) 0.6668 ± 0.000* 0.4227 ± 0.010* < 0.0001

Carr’s index (%) 39.94 ± 2.408 38.24 ± 2.421 0.4364

Hausner’s ratio 1.667 ± 0.067 1.621 ± 0.065 0.4429

True density (g/mL) 1.412 ± 0.006* 1.466 ± 0.004* 0.0002

Porosity (%) 71.64 ± 1.107* 82.20 ± 0.304 * < 0.0001

Swelling capacity (%) 60.04 ± 0.057 40.03 ± 0.053 < 0.0001

Ash value (%) 0.2067 ± 0.025* 0.3267 ± 0.032* 0.0070
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Quality Parameters of Ascorbic Acid Tablets 

and powder mix directly compressed. A calibration plot of ascorbic acid for assay of the tablets was obtained (Fig.3) with a linear 

(r2) of 0.966. Both formulations had tablets with ascorbic acid content in the range of 99 – 102 % with Avicel® tablets showing 

the international standards. 

Table 3: Quality Control Parameters of Ascorbic acid Tablets

Figure 3: Calibration plot for ascorbic acid

Parameter Avicel® 101 (Mean ± SD) Novicel™ (Mean ± SD) P-value

Assay (%) 102.0 ± 0.5307* 99.30 ± 1.061* 0.0179

Weight uniformity

(Mean (g) ± % CV)
0.5125 ± 4.278 0.5031 ± 5.505 0.2437

Hardness (KgF) 9.630 ± 0.538 10.25 ± 0.185 0.1307

Friability (%) 0.5778 ± 0.183* 0.2299 ± 0.027* 0.0312

83.33 ± 11.02* 43.33 ± 7.572 * 0.0066

f1 4.315 0 – 15
f2 67.050 50 – 100
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ingredient (ascorbic acid) within 15 min (Fig 4). Both curves appeared superimposable implying that the two brands of MCC may 

equivalent. 

Discussion 

Physicochemical Properties (Critical Material Attributes, CMAs) 
MCC yield obtained in our study was similar to the one of [5] in India, but lower compared to 50 % reported recently in Ethiopia [22]. 

that 40 – 50 % of SCB total mass is cellulose [23,6,7, 22], therefore, the lower yields could just be as a result of losses incurred during 
the handling and processing steps during isolation of cellulose and its hydrolysis into MCC. 

in the acceptable international or pharmacopoeial limits for pharmaceutical grade MCC [24, 8] – pH 5 – 7.5; moisture content ≤ 5 
 values 

requirements for pharmaceutical use. 

o o o 

41 - 45o o 

Bulk density is an indicator of the powder’s packing characteristics and its ability to undergo compression (higher values are desirable). 

Figure 4:  
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higher bulk and tapped densities of Avicel® compared to Novicel™ could have resulted from the larger particle size and more rod 

are desirable requiring lower pressure for powder compactability and consolidation during tableting. Avicel® had statistically lower 
values compared to Novicel™, therefore the standard MCC would be expected to compress more easily than Novicel™ at the same 
pressure. Conversely, a higher true density also leads to high compact density in direct compression and small sized tablet formation 

characteristics indicated earlier by bulk and tapped densities. 

disintegration properties. 

Total ash values indicates the level of inorganic substances present in the samples and also the safety of the MCC. According to USP 
[8], the maximum total ash cannot be more than 20% which is over 60 times higher than the values obtained in our study for both 

standard requirements for MCC. 

Quality Parameters of Ascorbic Acid Tablets 

Assay analysis checks for the ability of the tablet batch to possess the required amount of the active ingredient. According to the USP 
[30], the amount of drug in each tablet should lie in the range of 85% - 115%. Both brands had assay percentages within the range 
(99 – 102 %), thus demonstrating acceptable contents. 

the requirement for weight distribution and expected to also have acceptable content uniformity. 

earlier for Novicel™, higher moisture levels in MCC are known to enhance consolidation, increase bonding especially solid-bridges 
that are useful in direct compression, resulting into stronger tablets [27] 

in our study i.e. harder tablets 
respective brands exhibited friability less than 1%, thus complying with the compendial requirements [32]. 

30 min. Based on these pharmacopoeial requirements [20], all the brands under investigation passed the test for disintegration and 
are expected to readily release the drug. Tablets from both brands of MCC disintegrated in less than 3 min, meaning they can be used 
even in formulation of fast disintegrating tablets or related solid dosage forms. 
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before absorption to elicit its intended therapeutic activity. According to British Pharmacopeia, tablets that release more than 85% of 
active ingredient within 30 min are regarded as rapid releasing [33]. USP also indicates that immediate release tablets are expected 
to release over 70 % of its active drug within 45 min [30]. Cumulative percentage release for tablets formulated using both Novicel™ 

dissimilarity factor, f1 and similarity factor, f2 calculated for Novicel™ in reference to Avicel® tablets were all in the acceptable criteria 

tablets can be considered to be pharmaceutically equivalent.

Considering the physicochemical properties of Novicel™ and its dry binding properties demonstrated in Ascorbic acid tablet 

pellet, powder, and even granule formulations. In semi-solid and liquid pharmaceutical formulations, it could also be used as 
thickener or viscosity enhancer in suspensions and gels, and even in food industries [8].

Utilization of sugarcane bagasse waste for production of Novicel™ MCC in Uganda will contribute immensely in reduction of biomass 
burden of the waste and its associated undesirable impacts to the environment. As much the sugarcane factories are devising means 
to consume the waste for generation of energy (electricity) and bioethanol, only half of total bagasse produced is utilized, leaving 
an excess to the environment. In developing countries such as Uganda, accumulation of organic wastes including bagasse is a major 

management system in sugarcane factories led to increase in parasite multiplication, impaired crop and animal production, increased 

bagasse into Novicel™ MCC is a novel approach to waste management and environmental protection in Uganda, in addition to value 

addition to the waste material and import substitution of MCC for local pharmaceutical industries.

Conclusion 

for immediate release tablets while exhibiting similar drug release characteristics, thus making them pharmaceutically equivalent in 
vitro
compression tableting. 
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