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1. Introduction 

The utilization of waste materials plays a vital part in 

solving economic issues at present. Rice husk is the 

major agro-waste from rice production [1]. Due to its 

tough structure and huge bulk, rice husk has limited 

applications and was treated by burying 

underground or open field burning. The International 

Grains Council (IGC) has released data that projects 

global rice production to reach 511.3 million tons in 

2023/24, resulting in the production of 102.3 million 

tons of rice husk waste. The lignocellulosic part of the 

rice husk can be utilized to produce value-added 

products such as fuel, chemicals, etc., while silica can 

be utilized to produce silicon-based materials. It is of 

great benefit to both the economy and the 

environment to effectively convert rice husk into  

 

 

 

valuable products such as biosilica and biofuels [2]. 

Rice husk, the protective outer layer of the rice kernel, 

has been regarded as a waste product for a very long 

time. However, they can be a great fuel for bioenergy 

production due to their high cellulose and lignin 

content. Rice waste management holds immense 

potential for a sustainable future. The rice industry 

can be more resource-efficient and holistic if 

byproducts are perceived as valuable resources. So 

this study is aimed at imparting value addition to rice 

husk by converting cellulose as a pharmaceutical 

additive. Studies have shown that rice husk contains 

about 35–40% cellulose, 15–20% hemicellulose, and 

20–25% lignin [3]. Johar et al. [4] successfully 

produced cellulose fibers and nanocrystals from rice 
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husk using an acid hydrolysis treatment. Non-ionic 

cellulose ethers such as ethyl cellulose (EC), 

hydroxyethyl cellulose, hydoxypropyl cellulose 

(HPC), methyl cellulose (MC), carboxymethyl 

cellulose (CMC) or hydroxylpropyl-methyl cellulose 

(HPMC) and anionic ether derivatives like sodium 

carboxymethyl cellulose (NaCMC) are useful as 

bioadhesives [5]. Cellulose ethers, alone or their 

mixtures with other polymers, have been studied in 

oral [6], buccal [7], ocular [8], vaginal [9] and 

transdermal [10] bioadhesives. Ether and ester 

derivatives of cellulose are widely used as coatings of 

solid pharmaceuticals. Specific release characteristics 

in pharmaceuticals to prepare various modified 

release drug delivery systems such as sustained 

release, delayed release, extended release, immediate 

release, pulsatile release, or step-by-step release 

dosage forms [11]. Rice husk consists of three sections: 

epidermis, sub-hypodermis and hypodermis. The 

thickness of these layers, the diameters of the hollow 

fibers and the wall thickness vary with the variety of 

rice husk. The elastic modulus is typically between 0.3 

and 2.6 GPa, and the ultimate tensile strength varies 

from 19 to 135 MPa depending on the variety of rice 

husk. The physicochemical properties and the 

percentage yield of an isolated substance depends on 

biological and geographical source and hence there is 

a need to study the influence of such factors. So 

studies were conducted on the influence of the source 

of rice husk on cellulose properties. 
 

2. Materials and methods 

2.1. Chemicals    

Glacial acetic acid (SDFCL, Mumbai, India), sodium 

hydroxide (Lobachemie, Mumbai, India), nitric acid 

(Qualigens, Mumbai, India), ethanol and methanol 

(Fisher Scientific, Mumbai, India). 
 

2.2. Materials 

Rice husk was collected from rice mills in Bapatla, 

Andhra Pradesh, India. Glassware: (Borosilicate 

glass). 
 

2.3. Equipments  

Disintegrator apparatus, weighing balance D8-8520, 

(Essac-Teraoka Limited, Bengaluru, India) Hot air 

oven (Thermolab, Mumbai), bulk density apparatus 

BD-7CC, (Campbell Electronics, Mumbai, India) and  

seives (Shreeji, Mumbai). 

 

2.4. Isolation of cellulose from different sources of rice husk 

2.4.1. Cellulose extraction 

After weighing precisely 5g of rice husk, it was 

transferred to a 250 mL Erlenmeyer flask containing 

100 mL of 80% glacial acetic acid and 10 mL of 70% 

nitric acid. After sealing the flask in aluminium foil, it 

was heated for 20 minutes at 120 degrees Celsius. 

After allowing the sample mixture to cool, 60 

millilitres of distilled water was added. The mixture 

was then filtered and cleaned using 95% ethanol and 

distilled water. The residue was dried for 19 hours at 

60 degrees Celsius in an oven. The amount of cellulose 

extracted from various husks was computed [12,13].  
 

2.4.2. Characterisation of cellulose 

Determination of particle size: The particle size was 

determined by subjecting it to sieve analysis. Selected 

standard sieves were arranged in such a manner that 

the coarsest at the top and the finest at the bottom [14]. 

The sample was placed on the coarse sieve. The lid 

was tightly fixed and set on a mechanical stirrer for 

about 20 min. The mechanical shaker was switched on 

with its timer set at 20 min. The samples retained on 

each sieve were collected separately, weighed and the 

data were analysed to observe the size distribution by 

using the mathematical formula given in equation 1.  
 

Average diameter= sum of weight size/sum of weight 

retained                                                                            (1) 
 

2.5. Measurement of density 

2.5.1 Bulk density 

The bulk density of a powder is the ratio of the mass 

of a powder sample to its volume, including the 

interparticulate void volume and intraparticle void 

volume [15]. Hence, the bulk density depends on both 

the density of powder particles and, in particular on 

the voids in the spatial arrangement of particles in the 

powder bed. Bulk density is commonly expressed in 

grams per milliliter. The bulk properties of a powder 

are dependent upon the preparation, treatment and 

storage of the sample, i.e., how it has been handled. 

The particles can be packed to have a range of bulk 

densities. Therefore, the untapped bulk density and 

tapped bulk density are differentiated. 
 

Bulk density = Weight of powder/ Volume of powder                            

(2) 

2.5.2.  Tapped bulk density  

The tapped bulk density is an increased bulk density  
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attained after mechanically tapping a receptacle 

containing the powder sample.  The tapped bulk 

density is obtained by mechanically tapping a 

graduated measuring cylinder or vessel containing 

the powder sample. After observing the initial 

untapped bulk volume (V0) and mass (m0) of the 

powder sample, the measuring cylinder or vessel is 

mechanically tapped, and volume or mass readings 

are taken until little further volume or mass change is 

observed. The mechanical tapping is achieved by 

raising the cylinder or vessel and allowing it to drop, 

under its own mass, a specified distance [16]. 

Procedure: Carefully level the powder without 

compacting, and read the untapped bulk volume (V0) 

to the nearest graduated unit. Secure the cylinder in 

the support. The powder sample of known particle 

size was subjected to 25, 50, 75, 100, 125 and 150 taps 

and the corresponding volumes V25, V50, V75, V100, 

V125 and V150 were recorded. If the difference 

between V125 and V150 is less than or equal to 2 mL, 

then V150 is considered as the tapped bulk volume. If 

the difference between V125 and V150 exceeds 2 mL, 

repeated in increments of, for example, 125 taps, until 

the difference between successive measurements is 

less than or equal to 2 mL. Calculated the tapped bulk 

density in grams per milliliter using the formula m/Vf 

(where Vf is the final tapped bulk volume).  
 

2.5.3. True density 

The true density refers to the density of 

the solid phase of the particles. It excludes the volume 

contribution of both inter- and intraparticulate spaces. 

Therefore, the true density of a powder is 

independent of powder porosity, compaction, and 

pretreatment of the sample [17]. 

Procedure: 

True density of the cellulose samples isolated from 

different rice husks was determined by the solvent 

displacement method [18]. The true density of 

cellulose was determined by the liquid displacement 

method and the procedure was mentioned here. 

Weigh accurately a clean and dry density bottle, 

observe the weight of the density bottle with a small 

quantity of powder sample and water separately.  

Calculated the true density of the given powder 

sample by using the following equation. The 

experiment was repeated for various particle size  

fractions. 
 

𝜌 =  
𝑚

𝑣
                        (3) 

 

Where, 

 ρ = Density                                 

m = Mass                             

v = Volume  
 

2.5.4. Carr’s Index (Ci):  

Tapped and bulk density measurements can be used 

to estimate the Carr’s index of a material. Carr’s 

index was determined by the following formulae [19]. 
 

Carr’ index = ((Tapped density – bulk density)/ 

Tapped density) %                                                         (4) 

 

2.5.5. Hausner’s Ratio:  

Hausners ratio is a guide to ease of powder flow; it is 

calculated by the following formula. 
 

Hausner ratio = Tapped density/ Bulk density            (5) 
 

2.5.6. Angle of repose  

Angle of repose (α) was determined by fixed the 

funnel method. The blend was poured 5 g. through a 

funnel that can be raised vertically until a maximum 

cone height (h) was obtained. The radius of the heap 

(r) was measured and the angle of repose was 

calculated. It is used to determine the flow property of 

powder [20, 21]. 
 

α = tan-1 (h/r)            (6) 
 

Percentage porosity: Porosity is the percentage of 

void space in a powder. It was defined as the ratio of 

the volume of the voids or pore space divided by the 

total volume. It is written as either a decimal. 
 

𝑛 =
𝑉𝑝ore space

𝑉𝑡𝑜𝑡𝑎𝑙
          (7) 

 

2.5.7. Kawakita plots 

Kawakita developed plots to study power 

densification using the degree of reduction in 

volume. 
 

𝐶 =
(𝑉0−𝑉𝑝)

𝑉0
=  

𝑎𝑏𝑃

(1+𝑏𝑃)
                       (8)  

  
 

It can be arranged to give:  
 

𝑃

𝐶
=  

𝑃

𝑎 
+ 

1

𝑎𝑏
               (9) 

Where,  

v0 is the initial volume of the powder bed and vp is  
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Table 1. Physical characteristics of cellulose isolated from different sources of rice husk 
 

Source (Rice variety) 
Practical  

yield (%) 

Particle 

size (cm) 

Bulk 

denisty 

Tapped 

density 

True 

density 

Carr’s 

index 

Hausner 

ratio 

Porosity 

(%) 

92 60 542.38 0.375 0.52 1.10 29 1.38 28.75 

22-70 50 598.30 0.35 0.47 1.54 25 1.34 25 

27-16 33 564.48 0.35 0.48 1.42 26 1.37 27 

SONA 56 381.75 0.39 0.51 1.22 25 1.32 24 

BPT 52.3 761.66 0.33 0.48 1.42 32 1.45 32 

 
 

the powder volume after application of pressure P. a 

and b are constants which are obtained from the slope 

and intercept of p/c vs p plots.  

The constant a is equal to the minimum porosity of the 

powder system prior to compression. In contrast, b is 

also known as the coefficient of compression, which is 

related to the plasticity of the material. 

Values of (1-a) give the initial relative density of the 

material p, which provides a measure of the initial 

packed density of tablets with the application of small 

pressure. The reciprocal of b gives a pressure term, pk, 

which b is the pressure required to reduce the powder 

bed by 50%. For plastic materials, the value of pk is 

inversely proportional to the degree of plastic 

deformation occurring during the densification 

process. The lower the value of pk, the higher the 

degree of plastic deformation occurring during 

compression [22]. 
 

3. Results and discussion 

Cellulose was isolated from different rice husks such 

as 92, 22-70, 27-16, Sona, and samba masuri (BPT). The 

cellulose was successfully collected from all these 

sources and the % yield of cellulose obtained from 

these sources was depicted in Table 1.  The % yield 

was found to be from 33% to 60%. The yield of 

cellulose was lower in 27-16 variety and the % yield 

was found to be high in 92 varieties. Based on the 

percentage of yield of cellulose, these rice husks can 

be ranked as 27-16<22-70<BPT<Sona<92. So from the 

above studies it was observed that the percentage 

yield of cellulose is dependent on the source of rice 

husks. The particle size of cellulose was determined 

by using sieve analysis technique. The particle size 

observed from these materials was presented in Fig. 1. 

The particle size distribution followed a normal 

distribution and varied from one source of rice husk 

to another and depended upon the source of the raw 

material. The micromeritic properties of the cellulose 

isolated from different sources are presented in Table 

1. The bulk density was found to be from 0.33 - 0.3. 

The tapped bulk density was found to be from 0.47- 

0.52 g/mL. 
 

 
 

Figure 1.  Normal distribution graph related to cellulose 

collected from different sources. 

 

The micromeritic (flow) properties were expressed by 

Carr’s index and observed Carr’s index values were 

found to be 25-32. From these results, (Carr’s index 

and Hausner’s values are represented in Table 1). The 

flow property was found to be poor for 92, 22-70-

passable, 27-16-poor, Sona-passable and BPT- very 

poor. Based on Hausner ratio these materials can be 

ranked as sona<22-70<27-16<92<BPT. The flow 

properties were also expressed as kawakita plots in 

Fig. 2 and the observed a and b values were presented 

in Table 2 and Fig. 2. From the observed results, they 

have poor flow ability and high cohesiveness. Thus 

these studies revealed that cellulose can be used to 

form good compacts. The flow properties may be 

improved by using the larger particle size fractions of 

cellulose. Such coarse cellulose can be utilized as a 

direct compressible diluent to formulate solid dosage 

forms such as tablets and capsules.  
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Table 2. Kawakita parameters observed from cellulose 

isolated from different sources of rice husk 
 

Sl. No Variety Kawakita parameters 

A B 

1. 

2. 

3. 

4. 

5. 

92 

22-70 

27-16 

SONA 

BPT 

3.56 

3.88 

0.33 

4.12 

3.16 

0.280 

0.009 

0.040 

0.009 

0.012 

 

 

Figure 2. Kawakita plots related to cellulose collected from 

different sources. 
 

The percentage porosity of the cellulose obtained 

from different sources of rice husk is calculated from 

the observing bulk density and true density. 

Observed % porosity values are shown in Table 1 and 

the highest % porosity was observed in BPT variety 

compared with the other materials. The high porosity 

may facilitate good disintegration and rapid 

dissolution and thus cellulose is suitable to prepare 

tablets with good compatibility and dissolution. The 

increase in the particle size resulted in improved flow 

properties of cellulose and was found to be suitable 

for direct compression. 
 

4. Conclusions  
The cellulose content was different from various rice 

husks available in the local market and popularised as 

92, 22-70, 27-16, Sona and BPT. The particle size 

distribution and flow properties of cellulose are 

dependent on the source of rice husk. Careful 

selection of the rice husk is required to fulfil the 

desirable attributes. The passable flow properties 

obtained for 22-70 and sona are suitable for preparing 

direct compressible tablets. The highest porosity 

observed in BPT facilitates the high dissolution and 

disintegration which is very helpful in the 

formulation of tablets containing low water soluble 

drugs. The result of this investigation suggests that 

the percentage yield and micromeritic properties of 

cellulose depend on the source of the rice husk. 

Screening of cellulose is essential to formulate direct 

compressible tablets and tablets containing low water 

soluble drugs. 
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