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A. Title of the thesis and abstract:  

Title:  

Preparation and evaluation of micro and nano cellulose for the development of solid oral drug 

delivery systems 

Abstract: 

The objective of the present investigation was to develop economical, sustainable, scalable and 

eco-friendly process to derive micro crystalline cellulose (MCC) and nano cellulose (NC). 

Production of MCC was done by processing corn husks (CH) through different acid treatments 

and NC was produced by further processing extracted MCC through High Pressure 

Homogenization (HPH) and Acid Hydrolysis (AH) by adopting systematic approaches i.e. 

Quality by Design (QbD).  

The most critical factors identified during risk assessment (acid concentration and time for AH 

whereas pressure and no of passes for HPH) were further optimized (32 full factorial design) and 

resultant formulations subjected to instrumental (FTIR, TGA, XRD, TEM and particle size) and 

physicochemical (Powder flow) characterization. On the basis of the results obtained, it was 

evident that AH-NC has higher thermal stability, crystallinity index and yield with narrow 

particle size distribution as well as excellent flow property when compared to marketed 

microcrystalline cellulose. Three different dosage forms - tablets, pellets and liquid solid powder 

were prepared using produced AH-NC and glibenclamide (GLB) as a model drug. 

GLB tablets were prepared by direct compression using I optimal design with AH-NC/ MCC 

PH200, PVP K30 and starch. AH-NC tablets had better flow property, resolved weight variation 

problems and content uniformity as compared to MCC PH200 tablets. 

GLB pellets were prepared by extrusion spheronization using box behnken design with AH-NC, 

starch and ethanolic solution of PVP K30. Optimized formulation of AH-NC Pellets showed 

better flow properties and good spherisity as compared to MCC PH200 pellets. 

Liquisolid powder compact was prepared to enhance the solubility of drug. PEG 400 as non-

volatile liquid, AH-NC as carrier and Aerosil 200 as coating agent were used in the formulation. 

Undoubtedly, AH-NC turned out as a more efficient carrier given smaller particle size and larger 

surface area when compared to MCC PH200. 

In above oral dosage forms NC clearly stands out as better choice of excipient when compared to 

marketed MCC. And between HPH & AH, AH stands out as an obvious choice for large scale 
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production of NC given it is eco-friendly, less time consuming, cost effective, less labor 

intensive and has superior flow properties (which is more suitable for high-speed tablet press) 

and does not require use of modern equipment (such as high pressure homogenizer). We 

sincerely hope this work will kindle further research towards leveraging NC obtained from 

agricultural waste in other varieties of dosage forms in pharmaceutical industry. 

B. Brief description on the state of the art of the research topic  

Corn is the 3rd most important food crop after rice and wheat in India. The main waste from corn 

production is the corn stover, corn husk and the cobs [1].Corn husk, which contains 39-42 % 

cellulose, 20-32 % hemicellulose and 8-13 % lignin, is most often disposed by open burning. 

Hence it is crucial to develop suitable scientific and economic method of recycling corn husk to 

align and cater the needs from perspective of green energy as well as environment friendliness. 

Global production of maize in the year 2016-2017 is as shown in Figure 1 of which India 

produces ~2%. In volume, production of corn in India has grown to 26 million metric tons in 

2016-17 [2]. If 26 million metric tons of corn is produced in India annually, it could generate 

approximately 5 million metric tons of husks which could in turn lead to production of about 0.5 

million metric tons of cellulose fiber [3].  

 

Figure 1: Global maize production in leading nations of World in the year 2016-2017 

Fundamentally, cellulose is linear homopolysaccharide composed of repeating β-D 

glucopyranosyl units joined by 1–4 glycosidic linkages in a variety of arrangements [4] having 

amorphous and crystalline regions as shown in Figure 2, which when subjected to proper 

mechanical, chemical and enzymatic treatments from algae, tunicates, bacteria and natural plant, 

US, 38%

China, 23%

Brazil, 9%

India, 2%

EU, 7%

Other, 14%
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the individualized nanofibers, can be extracted by breaking down the amorphous regions [5]. 

Known for its excellent properties such as renewability, biodegradability, biocompatibility, high 

specific surface areas, low density, low thermal expansion, good optical property, excellent 

mechanical property and high chemical reactivity [6-10] it has drawn attention from various 

researchers across the globe [11].  

 

Figure 2: Structure of plant cell wall and cellobiose unit 

Application of NC as a nanocomposite has been studied [12- 15]. However, application of NC in 

the pharmaceutical field has not been reported so far which basically is the objective of this study 

- to evaluate the usability of NC as novel excipient produced by processing corn husk an 

agricultural waste, through AH. Worldwide production of NC and its production capacity is 

shown in Table 1 and Extraction of NC using different sources by different researchers is shown 

in Table 2[16]. 

Table 1: Worldwide NC producers and production capacity 

Company Country Capacity Production Type 

Alberta Innovates Canada 100 Kg/week Pilot NCC  

Asahi Kasei Japan 40,000 tons/ year Pilot NCC and NFC 

BASF/Zelfo Germany N.A Pilot NFC 

Bio Vision Technologies Canada 4 tons/year Pilot Nanocel™  

Borregaard/SCA Norway 150 tons/year Pilot  NFC 

Celluforce, Inc./Domtar Canada 1 ton/day Commercial  NCC 

Daicel Japan N.A Commercial  NFC 

EMPA Switzerland 15kg/day Lab scale NFC 

Innventia Sweden 100 Kg/day Pilot  NFC 

J.Rettenmaier&Sohne Germany N.A Commercial  NFC 

Nippon Paper Japan 30 tons/year Pilot  Cellenpia™ NFC 

Oji Paper Japan 40 tons/year Commercial  NFC 

Stora Enso Finland 15 kg/day Pilot NFC and MFC 

UPM-Kymmene Finland 25 kg/day Pilot  Biofibrils™ NFC 

US Forest Service  USA 35-50 Kg/day Pilot  NCC and NFC 

University of Maine USA 500 Kg/day Pilot  NFC 

VTT Finland 15kg/day Lab scale NFC 



PhD Synopsis 

 

Vora Roshni Siddharth (Enroll No: 159997390004) Page 4 

 

Table 2: Extraction of NC using different sources by different researchers 

Source Purification Treatment Post-treatment 

Mechanical Treatment 

Wood17 Hydrogen peroxide Ultrasonication Washing, Drying 

MCC18 No Ultrasonication Freeze drying 

Hardwood19 Kraft process Sulfonation Centrifugation,Ultrasonication 

Needles 

grass20 Sodium hydroxide Carboxylation Centrifugation, Lyophilization 

MCC21 No Ultrasonication Centrifugation 

Chemical Treatment 

Hardwood22 Bleaching Acid hydrolysis Filtration, Centrifugation 

Eucalyptus 

pulp23 
Disintegration 

Acid hydrolysis at 120 

°C 

Filtration ,Washing, 

Centrifugation 

Sisal fibers24 Grinding, Bleaching 
60% Sulfuric acid 

hydrolysis at 55 °C 
Centrifugation, Dialysis 

Eucalyptus 

pulp25 Bleaching 
Formic acid 

hydrolysis at 95 °C 
Centrifugation, Dialysis 

MCC26 No 
Hydrochloric acid 

hydrolysis 

Washing, Centrifugation, 

Freeze drying 

Recycled 

newspaper27 

Grinding, Sodium 

hydroxide at125°C 

65% Sulfuric acid 

hydrolysis at 45 °C 

Centrifugation, Dialysis, 

Sonication 

Posidonia 

oceanica28 

Sodium hydroxide 

Treatments 

Sulfuric acid 

hydrolysis at 55 °C 

Centrifugation, Dialysis, 

Ultrasonication 

White coir29 Alkaline-peroxide 

bleaching 

30% Sulfuric acid 

hydrolysis at 60 °C 

Centrifugation, Dialysis, 

Ultrasonication 

Banana 

plants30 

Soxhlet extraction, 

bleaching 

Sulfuric acid 

hydrolysis at 50 °C 

Centrifugation, Dialysis, 

Lyophilization 

Hardwood 

pulp31 Bleached 
Phosphotungstic acid 

hydrolysis 
Centrifugation 

Pineapple 

leaf32 

Sodium hydroxide 

treatments 

64% Sulfuric acid 

hydrolysis at 45 °C 

Centrifugation, Dialysis, 

Ultrasonication 

Whatman filter 

paper33 Blending 
Hydrochloric acid at 

100 °C for 120 min 

Centrifugation, Dialysis, 

Ultrasonication 

C. Definition of the problem 

Utilizing renewable natural resources through value addition, is an ideal transition from 

petroleum based distressed economy to bio-based rich economy. Organic wastes produced from 

crops, which are otherwise a challenge, could prove to be a potential alternative for production of 

value added products. Study on these will not only support the rural community by value 
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addition of these waste products but also be helpful as far as the environment friendliness is 

concerned. Cornhusk is an agro waste which poses a problem of its disposal. Using it to develop 

any products would mean value addition leading to income generation. As of now, nano-

cellulose is imported which is costly. Having an indigenous unit has the potential to reduce cost 

significantly.  

Evident from literature review, India is yet to make to the list of countries having indigenous 

production of NC at commercial/industrial scale. This project aims to foray in that direction and 

enable India its homegrown production of NC. The process involved in the extraction of NC 

from corn husk an agricultural waste is eco friendly, cheaper, sustainable and helps in 

environment conservation by recycling it through different methods mainly AH and high 

pressure homogenization HPH. Obtained NC can then be formulated in to a variety of solid oral 

dosage forms such as tablets, capsules and pellets to check its ability as a novel pharmaceutical 

excipient. 

The current study/project is in tandem with motto of economic sustainability which emphasizes 

on developing such means of generating income and wealth; do not cause hazards to the 

environment and developing an overall sound economical model supporting ecology. 

D. Objective and scope of work 

Objectives: 

 To develop and identify the effective method for extraction of NC and characterize it as a 

novel pharmaceutical excipient by exploring its applications in development of solid oral 

dosage forms. 

Scope: 

 To develop effective oral solid dosage forms using NC for the model drug GLB, having 

better powder flow and good adsorbing properties as compared to marketed MCC.  

 Given the cost effective and eco-friendly process designed to develop the novel excipient it 

has the potential to replace the traditional one and be a boon to the society at large. 

E. Original contribution by the thesis 

This research is unique and original since similar work has not been carried out previously. This 

research will:  

 Help corporate decision-makers and industry-associations for using of NC as a novel 

excipient because of its firm performance and cutting down the cost of imported nano 

cellulose 
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 Support to agricultural industry and industrial waste management in better implementation 

of Make in India for home grown production of NC which ultimately affect economy and 

resulting in revenue generation as well as increased employment and decrease in pollution 

for India. 

F. Methodology of Research, Results / Comparisons 

1. NC: Production, characterization and comparison with marketed MCC  

Process parameters highlights in ishikawa diagram as shown in Figure 4 and stages for 

production of NC are as shown in Figure 5. 

 
Figure 4: Ishikawa Fishbone Diagram for production of nano cellulose 

 

 

Figure 5: Schematic Process Flow Chart of MCC and NC 
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Design of Experiment 

Based on the literature and pilot experiments, quality target product profile (QTPP) and critical 

quality attributes (CQA) were determined for production of NC. In the present investigation, 

different preliminary experiments were performed for selection of suitable reaction time and 

acid concentration for AH and pressure and no. of passes for HPH were selected which 

influence critical quality attributes. Comparison of NC obtained by both the method was 

checked with marketed MCC. Optimized formulation were obtained by 32factorial design as 

shown in Table 3 with its quadratic equation and obtained design space as shown in Figure 6 

Table 3: Independent and dependent variables with quadratic equation 

AH Time (Mins) (X1) Acid Conc. (N) (X2) Particle Size (nm) (Y1) Yield (%) (Y3) 

 45  1.5  544.8 77  

Y1 : Particle Size 844.46-126.51X1-373.96X2+8.3X12+18.05X1
2+75.2X2

2 

Y2: Yield 81.44-1.66X1-2.5X2-0.5X12-1.66X1
2-1.16X2

2 

HPH Pressure (PSI) No of Passes (X2) Particle Size (nm) (Y1) Yield (%) (Y3) 

 22000 10 985.2  83  

Y1 : Particle Size 892.45-180.47X1-408.11X2-1.82X12+68.61X1
2-11.98X2

2 

Y2: Yield 77.44-2.66X1-2X2-1.25X12+2.33X1
2+3.33X2

2 

 

 

Figure 6: Effect of variables on yield and particle size  

As the acid concentration and time is increased, narrow range of particle size and yield is 

observed. Lower number of passes and pressure resulted in a broader particle size and higher 

yield. 
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Analytical Method for characterization of Nanocellulose 

FTIR analysis 

FTIR spectra as shown in Figure 7 of revealed that all finger print peaks for isolated AH-NC and 

HPH-NC are concordant with standard peaks of marketed cellulose Avicel PH101. 

 

Figure 7: FTIR spectra of the cellulose samples 

The broad absorption at 3400-3600 cm-1 is assigned to the stretching vibration of -OH groups 

[34, 35] and the absorption at 2920 cm-1 is ascribed to the C-H stretching vibration [36]. The 

peak at 1645 cm-1 is related to the bending mode of the water molecule resulting from a strong 

interaction between water and cellulose [37]. Other adsorption peaks are mainly assignable to the 

intermolecular hydrogen attraction at the C6 group at 1425 cm-1, C-O-C glycosidic band 

stretching vibration at 1163 cm-1 and C-H rock vibration at 896 cm-1. Aromatic C-H out-of-

plane bending vibration in lignin at 828 cm−1 [38] did not appear in the spectrum exhibiting 

complete removal of lignin by chemical pretreatment.  

Thermal Property 

 
 

Figure 8: TGA and DSC thermograms 

Table 4 and in Figure 8 indicates initial weight loss represents evaporation of free water on the 

surface and also due to removal of the protective waxes and lignin layers from the fiber. Lower 
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residual char value at 500°C indicating lower amounts of residual solids which indicate the 

absence of hemicellulose or lignin [39]. 

Table 4: Thermal properties  

In all the thermograms cellulose showed a sharp endothermic peak at 330-340 0C, corresponding 

to the fusion of its crystalline part. This behavior could be attributed to the high degree of 

crystallinity of the celluloses [39]. 

XRD analysis 

Figure 9 indicates cellulose diffraction peaks of 2θ angles at 15.0°, 14.32° and 22°, which can be 

assigned to the 101, 10Î and 002 reflections, respectively [40]. All cellulosic samples obtained 

from corn husk are made up of cellulose I. This might be due to short time exposure of the raw 

materials to low concentration of sodium hydroxide solution (8 % NaOH) during the cellulose 

isolation. The lattice transition from cellulose I to cellulose II sets in above 10% of sodium 

hydroxide [41]. Crystallinity index (86.55% for Avicel PH101, 83.15% for AH-NC and 83.15% 

for HPH-NC) are similar to those reported in other studies for MCC [42-43]. 

 

Figure 9: X-ray diffractograms of the cellulose samples  

High crystallinity indicates an ordered compact molecular structure, which translates to dense 

particles. 

TEM and Particle size 

Figure 10 and 11 highlights the size and shape of obtained NC. Extracted NC is comparable in 

length to the nanocrystallites isolated from rice husk [44] and barley [45]. 

Parameter Avicel PH 101 AH-NC HPH-NC 

T 5%, onset (oC)a 244.07 229.51 200.69 

T 50% (oC)b 330.75 318.69 326.58 

W 500 (%)c 19.113 15.23 6.10 
a onset temperature for 5% decomposition; b temperature at 50% weight loss; c residual char 

weight at 500 0C 
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It can be concluded that the extraction methods affect the morphology and size distribution of 

NC [46]. 

 

Figure 10: TEM image of (a) AH-NC and (b) HPH-NC 

 

(a)                                                                   (b) 

Figure 11: Particle size 

Powder Rheology  

Table 5 highlights the powder rheological properties (AR: angle of Repose, CI: Carr’s Index, 

HR: Hausner’s Ratio, MC: Moisture Content) of optimized batch which revealed that NC had 

far better flow properties than initial material [47,48]. This can ease the direct compression 

tableting reducing the amount of the additives in the final formulation.  

Table 5: Improvements in the powder rheological properties Compression 

 AR(ɵ) CI (%) HR MC (%) Classification 

Avicel PH101 33.66 15.55 1.18 4 Good 

MCC 35.4 22.42 1.26 4.10 Passable 

AH-NC 31.3 14 1.16 6.53 Good 

HPH-NC 32.24 18.3 1.22 6.8 Fair 

The chosen model helps to envision the effects of the CMAs, CPPs in context to CQAs. Factorial 

design was employed to save the time of runs for the batches, use of reactants, electricity and 

skilled labor. NC prepared by both methods showed similar results in instrumental analysis 

(FTIR, DSC, TGA, XRD and TEM) and physicochemical characterization (Carr’s Index, 

Hausner’s Ratio, Particle size and % Yield). Between the two techniques of processing, NC 

produced by acid hydrolysis does not require use of modern equipment (such as high pressure 
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homogenizer), minimizes the possibility of accidental metal contamination due to HPH, is eco-

friendly, less time consuming, cost effective, less labor intensive and has superior flow properties 

(which is more suitable for high-speed tablet press). Hence we would propose hydrolysis of 

cellulose using a dilute acid for production of NC as our method of choice for large scale 

production.  

2. Explore the application of NC as an Excipient in Tablet Dosage Form  

Figure 12 shows production steps for glibenclamide tablet using AH-NC/ MCC PH200. 

Optimized batch formulation obtained by applying I-optimal design is shown in Table 6. 

  

Figure 12: Formulation technique for glibenclamide tablet using a) AH-NC b) HPH-NC 

Table 6:  Optimized batch formulation 

 

FTIR: 

 

Material 
Weighing

Sieving
Dry 

Mixing
Lubrication 
& Blending

Direct 
Compression

Glibenclamide Tablet using MCC PH 200  

X1: 

Starch 

(%) 

X2 

PVP 

K30 

(%) 

X3 

MCC 

PH200 

(%) 

R1   

CI 

(%) 

R2   

AR 

(ɵ) 

R3 

Hardness 

(kg/cm
2

) 

R4  

Friability  

(%) 

R5   

DT 

(Sec) 

R6           

T90 

(Mins) 

7.71 3.91 82.23 13.36 32.30 3.73 0.84 147.69 23.90 

Glibenclamide Tablet using AH-NC  

X1: 

Starch 

(%) 

X2 

PVP 

K30  

(%) 

X3 AH-

NC   

(%) 

R1 CI 

(%) 

R2   

AR 

(ɵ) 

R3 

Hardness 

(kg/cm
2

) 

R4  

Friability  

(%) 

R5   

DT 

(Sec) 

R6           

T90 

(Mins) 

4.28 7.60 81.97 7.11 32.4 4.77 0.86 129 31 
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Figure 13: FTIR of a) GLB and MCC PH200 a) GLB and AH-NC 

Figure 13 shows characteristic peaks of GLB in a mixture, carbonyl stretching at 1712.67 cm−1, 

Symmetrical and asymmetrical sulfonyl stretching at 1161.07 and 1344.29 cm−1 respectively, 

Amide stretching at 3315.41 and 3365.55 cm−1 which confirm the absence of interaction between 

drug and the excipients [49]. 

Differential scanning calorimeter (DSC) 

 

 

Figure 14: DSC Thermogram of a) GLB b) GLB + MCC PH200 and c) GLB + AH-NC 

As shown in Figure 14 a sharp endothermic peak at 175.58 0C in the thermogram of GLB was 

observed. Characteristic peak of glibenclamide was observed at 175.22 0Cand 175.230Cin a 

physical mixture containing MCC PH200 and AH-NC respectively which confirmed that no 

major changes were observed in characteristic peaks [50]. 
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Overlay plot for glibenclamide tablet 

In order to check the predictive ability of all the mathematical points, two points were randomly 

chosen as shown in Figure 15 and comparison of responses as per Table 7. 

Figure 15: Overlay plot for GLB tablet using a) MCC PH200 b) AH-NC 

Table 7: Comparisons of responses 

Glibenclamide MCC PH200  Classification47,48 

Response  Mini Mean Max  

Caar's Index (CI) (%) 8.00 11.67 17.84 Fair to excellent  

Angle of Repose (AR) (ɵ) 31.48 34.48 37.66 Good to fair  

Hardness (kg/cm2) 3.30 4.41 4.90  

Friability (%) 0.47 0.74 0.93  

Disintigration Time (DT) (Sec) 42.00 157.65 295.17  

T90 (Time required for 90% drug release)(Min) 28.34 43.02 51.81  

Glibenclamide AH-NC  Classification47,48 

Caar's Index (CI) (%) 5.25 7.71 11.94 Good to excellent  

Angle of Repose (AR) (ɵ) 29.62 32.55 35.30 Good to excellent  

Hardness (kg/cm2) 3.13 4.77 6.40  

Friability (%) 0.46 0.76 1.09  

Disintigration Time (DT) (Sec) 47.62 159.87 279.17  

T90 (Time required for 90% drug release)(Min) 24.24 34.32 43.84  

As shown in Table 8, from quadratic equations for the responses it can be concluded that the 

three main effects i.e. X1: Starch, X2: PVP K30 and X3: MCC PH200/ AH-NC are critical 

material attributes.  

Table 8: Quadratic equations for the responses 

 A B C AB AC BC 

CI (MCC PH200) 47.47 16.45 13.50 -78.38 -47.68 -18.95 

p-values < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

CI (AH-NC) 29.75 6.14 8.95 -24.70 -46.94 2.45 

p-values 0.1875 0.1875 0.1875 0.0429 0.0015 0.5209 

AR (MCC PH200) 16.81 37.77 33.92 14.35 29.08 -2.54 
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p-values < 0.0001 < 0.0001 < 0.0001 0.0119 0.0001 0.1468 

AR(AH-NC) 10.96 29.68 30.46 40.56 44.33 9.95 

p-values 0.5574 0.5574 0.5574 0.0031 0.0020 0.0204 

Hardness (MCC PH200) -3.75 4.42 4.68 12.68 11.99 -0.43 

p-values 0.0003 0.0003 0.0003 < 0.0001 < 0.0001 0.5231 

Hardness (AH-NC) -8.25 4.63 4.93 22.33 19.87 -1.18 

p-values  0.0527 0.0527 0.0527 0.0003 0.0008 0.4251 

Friability (MCC PH200) 2.57 0.68 0.56 -2.91 -3.32 1.50 

p-values 0.0010 0.0010 0.0010 < 0.0001 < 0.0001 < 0.0001 

Friability (AH-NC) 0.50 0.91 1.08 -1.04 -0.48 -0.23 

p-values < 0.0001 < 0.0001 < 0.0001 0.0013 0.0728 0.0186 

DT (MCC PH200) -742.61 41.63 177.12 1593.51 1836.66 10.28 

p-values < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.7028 

DT (AH-NC) -733.14 34.76 196.03 1588.38 1613.75 134.53 

p-values 0.0075 0.0075 0.0075 0.0032 0.0032 0.3661 

T90 (MCC PH200) 91.69 35.90 44.13 -131.78 -167.59 -37.25 

p-values 0.2715 0.2715 0.2715 0.0979 0.0459 0.1660 

T90 (AH-NC) 20.48 29.81 28.51 71.96 25.50 1.27 

p-values 0.0071 0.0071 0.0071 0.0822 0.5170 0.9231 

 

The present study focused on powder flow properties, confirms the usage of AH-NC prepared 

from agricultural waste as an effective direct compressible vehicle for formulation design and 

product development when compared to MCC PH200. Not only does AH-NC demonstrates 

better flow properties but also problems of weight variation and content uniformity are not 

observed when compared to MCC PH200. Hence AH-NC is more suitable than marketed MCC 

as an excipient for modern high-speed rotary tablet press. Also, it is anticipated, this work will 

kindle more research and faith towards utilization of natural excipient extracted from agricultural 

waste in the solid oral dosage forms. 

3. Explore the application of NC as an Excipient in Pellets Dosage Form  

Method of Preparation of Pellets  

GLB pellets were prepared by extrusion spheronization technique using Box Behnken Design. 

Powder mixture was prepared using AH-NC/ MCC PH200, starch and drug. The ingredients 

were blended in geometric fashion using mortar and pestle. Ethanolic solution of PVP K30 was 

gradually added to the powder blend to produce wet mass. The dough was then extruded through 

screen having apertures of 1 mm size. The extrudates were then spheronized in a spheronizer 

(Cronimach Ltd, India) rotated at 1200, 1400 and 1600 rpm for 5 min and then the pellets were 

air dried. Capsules were filled with pellets equivalent to 5 mg drug. Data of evaluation of GLB 
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loaded NC / MCC PH200 pellets were as shown in Table 9. Release profile of all the batches and 

SEM analysis of optimized batch indicates spherical pellets as shown in Figure16. 

Table 9: Optimized batch formulation 

X1 (%) 

(Starch)  
X2 (%) 

(PVPK30)  
X3 

(RPM)  
MCC 

PH200  
AH-

NC  
HR CI 

(%)   
AR 

(ɵ)  
% 

Yield  
PS 

(um) 
% 

CDR 

at 45 

mins 

4 2 1400 - 145.4 1.08 6.65 31.51 90.15 850.38 99.69 

4 2 1400 145.4 - 1.14 12.16 33 93.71 933.24 95.19 

 

   

Figure 16: % CDR of (F1- F15) AH-NC and SEM of AH-NC pellets 

In the present study, systematic efforts were made to develop and optimize GLB loaded NC 

pellets as multiparticulate drug delivery system which can be delivered after filling into a gelatin 

capsule. Values for the angle of repose (θ), for all batches of pellets, were found to be in the 

range of 30.56° to 32.39° indicating free-flowing pellets which can be easily filled into capsules. 

The particle size of all batches was found within 702.2 to 933.24 um. Increase in the 

concentration of AH-NC/ MCC PH200 decreases disintegration time, which further leads to 

decrease in percent drug release. On the contrary, starch being a disintegrant, cause 

disintegration of pellets thereby enhancing the drug release. Optimized formulation showed 

99.69% release within 45 min. which indicates immediate drug release.  

4. Nanocellulose as an efficient carrier material in the preparation of liquisolid of 

glibenclamide for filling in the hard gelatin capsule 

Method 

Weighed quantity of GLB was dissolved in PEG 400 (non volatile liquid). The weight of the 

drug solution was 45.07 mg. sufficient quantity of cellulose (carrier material) was to be obtained 
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to get a nearly free-flowing blend. Aerosil 200 as a coating material and magnesium stearate was 

mixed. The blend was then filled in capsule and stored in a sealed glass bottle. Lf is the “loading 

factor” where the maximum amount of drug liquid loads on the carrier material, q is amount of 

coating material and Q is the amount of carrier. Formulation of Liquisolid systems of GLB was 

as per Table 9, drug release as per Figure 17 and 18 shows liquisolid powder ready to fill in. 

Table 9: Formulation of Liquisolid systems of Glibenclamide 

Batch Drug conc. 

in liquid 

medication 

(%w/w) 

Carrier 

Coating 

(R) 

Liqui

d load 

factor 

(Lf) 

PEG 

400 

(mg) 

GLB 

(mg) 

(Q):         

NC 

(mg) 

 (Q):     

MCC 

PH200 

(mg) 

(q):  

Aer

osil 

200 

(mg) 

Mg 

St. 

(mg) 

Unit 

dose 

(mg) 

F1 10 20 0.3255 45.0

7 

5 - 104 5.2 1.6 160.

87 

F2 10 20 0.3255 45.0

7 

5 75 - 3.75 2 130.

82 

F3 - - - - 5 - - - - 5 

 

       

Figure 17: a) Liquid Medication b) Adsorbing material AH-NC c) Dissolution profile of 

liquisolid compacts 

NC acts as a better adsorbent for the drug solution as compared to Avicel PH 200. On basis of 

results less amount of NC was required to adsorb 45 mg of the drug solution. This reveals that 

smaller size capsule may be required to fill the powder which shall improve patient compliance 

and prove to be low cost due to reduced material requirement. The calculated similarity factor f2 

was 38 (NC: pure drug) and 40 (MCC PH200: pure drug). Therefore, it may be concluded that 

the dissolution pattern of batch f2 and f3 are dissimilar. It may be concluded that the drug 

solution can be successfully adsorbed on Avicel PH 200. The only disadvantage of MCC PH200 

is that the powder is required in larger quantity (about 25% more).  
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G. Achievements with respect to objectives  

 

 Cheaper, sustainable and scalable eco-friendly process was developed for production of NC 

from corn husk, locally available low cost agricultural waste by recycling it through High 

Pressure Homogenizer (HPH) and Acid Hydrolysis (AH) method. 

  Between the two techniques of processing, NC produced by AH does not require use of 

modern equipment (such as high pressure homogenizer), minimizes the possibility of 

accidental metal contamination due to HPH, is eco-friendly, less time consuming, cost 

effective and less labor intensive.  

 Powder flow properties, confirms the usage of AH-NC prepared from agricultural waste as 

an effective direct compressible vehicle for formulation design and product development of 

glibenclamide tablets and pellets when compared to MCC PH200.  

 NC will find application in liquisolid compact formulations where a larger volume of liquid 

(i.e. drug solution) is to be adsorbed. NC is an efficient adsorbent for the drug solution as 

compared to MCC PH 200.  

 This project has the potential to provide direction and enable India its homegrown production 

of NC. 

H. Conclusion 

 

This study demonstrates the applicability of QbD approach for production of NC with desired 

quality attributes in short time with AH and HPH method using corn husk. The objective of the 

presented investigation was to develop solid oral dosage form using novel excipient NC 

extracted from corn husk and compared its property with marketed cellulose. Three different 

dosage forms; tablet, pellets and liquisolid powder were prepared adopting DoE. Powder flow 

properties, confirms the usage of AH-NC prepared from agricultural waste as an effective direct 

compressible vehicle for formulation design and product development of glibenclamide tablets 

and pellets when compared to MCC PH200. NC is an efficient adsorbent where a larger volume 

of liquid (i.e. drug solution) is to be adsorbed as compared to Avicel PH 200.  Up till now, no 

researcher has used nanocellulose in dosage form and therefore the findings of this study are of 

immense importance to the Pharma-industry.  Finally, it can be concluded that nanocellulose is a 

highly effective excipient when used for preparing tablets, pellets and capsule. 
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ABSTRACT 

Objective: The current work highlights the use of the Quality by Design (QbD) for optimization of Nanocellulose (NC) production from corn husk by 
two techniques, namely, Acid hydrolysis (AH) and High pressure homogenization (HPH). 

Methods: Characterization of NC involved Fourier transform infrared spectroscopy (FTIR), thermo gravimetric analysis (TGA), X-ray diffraction 
(XRD), transmission electron microscopy (TEM). For the risk assessment, QbD Software was used. According to this results 3
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 factorial design was 
applied in which two independent variables (acid concentration and time for AH whereas pressure and no of passes for HPH) and two dependent 
variables (particle size and yield) were selected. 

Results: FTIR showed similarity in the peaks which indicates there is no change in parent molecular structure of cellulose. TGA confirmed that the 
NC extracted by both the methods showed improved thermal property at onset temperature of 290 °C as compared to Avicel PH101, 270 °C. XRD 
results showed that the crystallinity index of the extracted nano cellulose from both the method was 83.15% which indicates transition and 
reorientation of corn husk into compact crystalline cellulosic structure after removal of non-cellulosic materials. TEM images indicated that the 
fibers were well dispersed and the treatment had reduced the size of fibers with average dimensions of 100 to 1000 nm in length. Product assay 
revealed that as the acid concentration and time is increased, narrow particle size is observed whereas lower number of passes and pressure 
resulted in a broader particle size. Studies on the variables and the experiment of NC preparation contributed a maximum yield of 77% in case of AH 
and 83 % in case of HPH.  

Conclusion: Evident from the results, NC prepared by QbD approach had better flow property and compatibility. Hence it is suitable for usage as an 
excipient in product design for variety of tailor made customized oral dosage forms in pharmaceutical industry. 

© 2019 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/) 
DOI: http://dx.doi.org/10.22159/ijap.2019v11i4.33656 

 

INTRODUCTION 

Cellulose is highly known for its excellent properties such as 
renewability, biodegradability, biocompatibility, high specific surface 
areas, low density, low thermal expansion, good optical property, 
excellent mechanical property and high chemical reactivity [1-5], as a 
result of which it has drawn attention from various researchers across 
the globe [6]. Cellulose is composed of linear homopolysaccharide 
composed of repeating β-Dglucopyranosyl units joined by 1–4 
glycosidic linkages in a variety of arrangements [7] having amorphous 
and crystalline regions, which when subjected to proper mechanical, 
chemical and enzymatic treatments, the individualized nanofibers, can 
be extracted by breaking down the amorphous regions [8].  

The appropriate particle size and powder rheological properties 
make the material suitable for direct tablet compression [9-11]. 
Direct compression improves the economic aspects by reducing the 
technological process steps. In industrial production, it is important 
to carry out a risk assessment before applying new technologies. 
Errors in critical parameter selection have the potential to adversely 
affect the quality of product which in turn can result in rejection, 
leading to financial losses hence the application of “Quality by 
Design” (QbD). QbD concept is a fairly new approach in the 
development phase of pharmaceutical products [12-16] as stated in 
International Conference on Harmonization (ICH) Q8 and Q9 
guidelines of technical requirements for registration of 
pharmaceuticals for human use. Basically it is a systematic process 
for the assessment, control, communication, and review of risks to 
the quality of the APIs through the product lifecycle. The concept of 
QbD provides scientific-basis for product development, which 
involves identification of the quality target product profile (QTPP) 
consisting of critical quality attributes (CQAs), critical material 
attributes (CMAs) and critical process parameters (CPPs) using risk 
assessment and optimization of data using design of experiments 

(DoE) [17-19]. Based on the ICH Q8 (R2) guideline, the QTPP means 
the quality characteristics of a drug product that optimally will be 
achieved to ensure the desired quality-as promised on the label-
taking into account safety and efficacy. A CQA is a physical, chemical, 
biological, or microbiological property that should meet the 
predefined requirements to ensure the desired product quality. 
CQAs are usually associated with the active ingredient, excipients, 
intermediates and drug product. CQAs of solid dosage forms affect 
product purity, strength, drug release and stability. A CMA is a 
physical, chemical, biological or microbiological property or 
characteristic of an input material that should be within an 
appropriate limit, range, or distribution to ensure the desired quality 
of output. The variability of a process parameter always has an 
impact on the CQAs. We call the process parameters “CPPs” if they 
have a direct impact on CQAs; therefore, these should be monitored 
and controlled in order to produce the desired quality. Ishikawa 
diagram is one of the quality management tools available in Minitab 
Software (Version 1.3.6., 2014 QbD Works LLC, Fremont, CA, USA) 
and also referred under ICH guideline Q9. Risk assessment aims at 
identifying which material attributes and process parameters 
potentially influence the product CQAs. Furthermore, it helps in 
identifying significant factors that will be subjected to the DoE study 
to establish product and process design space (DS) [20-23]. To 
ensure dependent variables can be measured, the critical 
parameters of both the techniques involved in production of NC 
based on the results of risk assessment were determined post which 
3^2 factorial design was applied for the current study [24-26]. 

MATERIALS AND METHODS 

Materials 

Corn husk, an agricultural waste was collected by the local farmers 
in Gujarat, India. Sodium hydroxide [NaOH] [reagent grade, 98%], 
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hydrochloric acid [HCl] [ACS reagent, 37%], and Calcium hypo-
chlorite [technical grade] were supplied by Sigma-Aldrich. Aqueous 
solution of sodium hypochlorite was prepared by dissolution of 
calcium hypochlorite and sodium hydroxide in water, with 
subsequent filtration of the calcium hydroxide precipitates formed. 
As the mean particle size and yield were key parameters for our 
work, all of these values for the initial material and the target 

product are shown in table 1. The values of the parameters of the 
target product were described based on the literature and self-made 
pre-experiments. 

Methods for production of NC 

NC was prepared using acid hydrolysis and high pressure 
homogenization as per fig. 1. 

 

Table 1: Comparison of the initial material and the target product 

 Initial material Target product 
Mean particle size (µm-nm) 55 µm 100-1000 nm 
Yield (%) - 75-85 

 

 

Fig. 1: Process steps for the production of the NC 

 

Investigation of the morphology 

Fourier transform infrared spectroscopy (FTIR) 

The chemical composition were analyzed in the range of 400 cm−1 
to 4000 cm−1 by Fourier transform infrared spectroscopy (FTIR) 
using a using KBr discs on a Perkin-Elmer FT-IR spectrometer [27]. 

X-ray diffraction (XRD) 

The crystallinity of the cellulose samples were examined in an X-ray 
diffractometer (Philips Xpert Mpd) with a monochromatic Cu Ka 
radiation source in the step-scan mode with a 2θ angle ranging from 
5 to 80 ° at a scan rate of 1 °/min with a resolution of 0.05 °. The 
operating voltage and current were 30 kV and 200 mA, respectively. 
The crystallinity index was calculated with following equation. [28]. 

CI=(I002-Iam)/I002*100 

Where CI is the crystallinity index, I002 is the maximum intensity of 
the diffraction from the 002 plane, and Iam is the intensity of 
scattered by the amorphous part of the sample. 

Thermo gravimetric analysis (TGA) 

The thermal properties of the cellulose samples were investigated 
by TGA and DSC on a simultaneous thermal analyzer [Mettler-

Toledo AM, Greifensee, Switzerland]. Samples weighing between 6 
and 10 mg were used. Each sample was heated from room 
temperature to 500 °C at a rate of 5 °C/min under nitrogen [29]. 

Transmission electron microscopy (TEM) 

The homogenized NC suspension was dropped onto a copper grid 
using a pipette. The excessive water was drained with a filter paper. 
Then the copper grid was background stained with 2 wt% uranyl 
acetate. The redundant liquid was drawn away using a filter paper. 
The grid was air dried at room temperature and then tested with 
Philips Tecnai T20 electron microscope, operating at 200K KeV. The 
dimensions of the imaged NC were determined from imaging at 
lower magnification from 19,000x to 50,000x [29]. 

Particle size  

Particle size of the cellulose samples were measured using a Malvern 
Nano-ZS particle size. Before the test, the suspension were 
homogenized for 10 min at 13000 rpm using a high-speed 
homogenizer, and then kept in the ultrasonic bath [29]. 

Carr’s index (CI) 

Bulk density (ρb) and the tapped density (ρt) of the sample were 
determined with a bulk/tap density test apparatus (Elecrolab, EDT-
1020). Carr’s index [30] was calculated as one hundred times the ratio 
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of the difference between the tapped density and bulk density to the 
tapped density was calculated by utilize the following equation  

100]/)[( ×−= tbtCI ρρρ  

Hausner’s ratio (HR) 

Hausner’s ratio [31] is the ratio of bulked density to the tapped 
density. Hausner’s ratio was calculated according to the following 
equation  

tbHR ρρ /=  

Angle of repose 

It is defined as the angle between the free surfaces of a pile of 
powder to a horizontal plane. In the present study, the angle of 

repose was determined using a fixed cone method [32]. The sample 
was carefully poured through the funnel until the apex of the cone 
thus formed just touched the tip of the funnel. The mean radius (r) 
and height (h) of the heap were measured and the angle of repose 
(AR) was calculated from the following equation. 

rh /tan =θ  

RESULTS AND DISCUSSION 

Risk assessment: ishikawa diagram 

As shown in fig. 2 an Ishikawa (fishbone) diagram was constructed 
to identify the effects of the key material attributes and process 
parameters on the development of the production steps of NC using 
AH and HPH method. 

 

 

Fig. 2: Ishikawa diagram for the identification of production parameters of NC 

 

Definition of the QTPPs and Identification of the CQAs 

Based on the literature and pilot experiments, QTTPs and CQAs were 
determined and are shown in tables 2 and 3, together with their 
justification. After the identification of the QTPPs and the CQAs, the 
following step was to determine the critical material attributes and 

process parameters (CMAs and CPPs) by risk estimation matrix (REM), 
which represents the potential risks associated with each material 
attribute and process parameter that has a profound effect on CQAs. By 
assigning low (L), medium (M), and high (H) values for each parameter, 
the REM of interdependence rating between the CQAs and QTTPs was 
established. The interdependences of the factors are shown in table 4. 

 

Table 2: QTPPs of the NC produced by the AH and HPH 

QTPP Target Justification 
Direct compressible 
material 

Direct 
compressible 

Cellulose is most commonly used excipient in the tablet. Direct compression tablet making is a simple 
and fast method and is usable for active ingredients that are moisture sensitive. 

Physical attributes:  
Color, Odor and 
Appearance 

Acceptable to 
consumer 

Color, odor and appearance were not considered as critical, as these are not directly linked to patient 
efficacy and safety 

Powder rheology 
attributes  

Good flow Better flowing properties simplify industrial operability of the powder. 

Particle Size Smaller particles Smaller particles posses better powder rheology parameters, which simplifies direct tablet making. 
Direct compression is an easy tableting method that avoids the long process of granulation. 

Yield 100% Yield should be 100 % as production point of view so it was considered as critical 

 

Table 3: CQAs of the NC 

Quality attributes of 
the product 

Target Is it 
CQAs 

Justification 

Physical attributes:  
Color, Odor and 
Appearance 

Acceptable to 
consumer 
 

No Color, odor and appearance were not considered as critical, as these are not directly 
linked to patient efficacy and safety 

Particle size <100 to 500 nm Yes This was considered highly critical as it would show direct effect on ultimate goal of 
achieving satisfactory homogeneity, flow, and disintegration of dosage form 

Yield 100% Yes Yield should be 100 % from production point of view so it was considered as critical 
Angle of Repose 25-40 Yes Angle of repose, carr’s index, hausner’s ratio show the powder rheology attributes of the 

powder. Particles with “good” flow properties are suitable for direct compression Carr’s Index 1-25 Yes 
Hausner ratio 1.00-1.34 Yes 
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Table 4: QTPPs, CMAs, CPPs, CQAs and their impact on the production of NC 

QTPPs  Impact CQAs CMAs and CPPs Occurrence 
Particle Size High Physical attributes 

(Colour, odour, appearance) 
Reaction Time (CPP) High 

Yield High Particle Size Acid/Alkali Concentration (CPP) High 
Powder 
rheology  

Medium Angle of Repose No of Passes and Pressure (CPP) High 

 Low Carr’s Index Solvent Type (CMA) Medium 
  Hausner ratio   
CQAs/QTPPs Direct compressible 

material 
Yield Powder rheology  

Physical attributes L L L 
Particle Size H M H 
Yield M H H 
Angle of Repose H M H 
Carr’s Index H M H 
Hausner ratio H M H 
CQA/CPP/CMA Reaction Time (CPP) Acid/Alkali Conc. 

(CPP) 
No of Passes and Pressure 
(CPP) 

Solvent Type 
(CMA) 

Physical attributes L L L L 
Particle Size H H H H 
Yield M M M M 
Angle of Repose H H H H 
Carr’s Index H H H H 
Hausner ratio H H H H 

QTPPs, CMAs, CPPs, and CQAs and their interdependence rating with the risk estimation matrix (REM): L = low-risk parameter; M = medium-risk 
parameter; H = high-risk parameter. 

 

Optimization of formulation using 32

3^2 level factorial design was planned considering the critical 
parameters of the NC, which were determined by small-volume pre-
experiments and evaluated by Mini Tab™ Software. Reaction time 

and acid concentration for AH and pressure and No of Passes for 
HPH were selected as independent variables. Dependent variables 
considered in the factorial design were particle size and yield based 
on the severity scores of CQAs. The levels of the factors are shown in 
table 5

 full factorial design 

. 
 

Table 5: Independent and dependent variables with their levels 

Acid hydrolysis (AH) 
Independent variables Levels 

Low (-1) Medium (0) High (1) 
X1 Time (Minutes) 30 45 60 
X2 Acid Concentration (N) 0.5 1 1.5 
High pressure homogenizer (HPH) 
Independent Variables Levels 

Low (-1) Medium (0) High (1) 
X1 Pressure (PSI) 22000 24000 26000 
X2 No of Passes 5 10 15 

 

Reproducibility of the process was checked, relative standard 
deviation was calculated. This showed that the methods were 
reproducible. The polynomial functions of the correlations are 

described. The lack of fit analysis (data not shown) showed that a 
quadratic model was appropriate for the description of all responses. 
The quadratic equations for the responses are shown in table 6. 

 

Table 6: Quadratic equations for the responses 

Acid hydrolysis 
Y1 844.46-126.51X1-373.96X2+8.3X12+18.05X12+75.2X2 2 
Y2 81.44-1.66X1-2.5X2-0.5X12-1.66X12-1.16X2

High pressure homogenization 
2 

Y1 892.45-180.47X1-408.11X2-1.82X12+68.61X12-11.98X2

Y2 
2 

77.44-2.66X1-2X2-1.25X12+2.33X12+3.33X22 

 

For obtaining design space surface plots were generated as shown in 
fig. 3. In AH, concentration of acid and time of treatment (fig. 3a) 
whereas in HPH, number of passes and pressure correlated directly 
with the particle size range of NC (fig. 3b). As the acid concentration 
and time is increased, narrow particle size distribution is observed. 
Lower number of passes and pressure resulted in a broader particle 
size distribution profile. Acid concentration and time resulted in 
narrower yield (fig. 3c). Decrease in number of passes and pressure 

resulted in higher yield (fig. 3d). 

FTIR analysis 

Spectrum of AH-NC, HPH-NC and Avicel PH101 of FT-IR is shown in 
fig. 4. The FTIR spectra revealed that all finger print peaks for isolated 
NC are concordant with standard peaks reported in the literature for 
other celluloses. NC prepared using AH and HPH demonstrated 
comparable IR spectra with marketed cellulose Avicel PH101. 
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Fig. 3: Effect of variables on yield and particle size a) acid concentration and reaction time on mean particle size b) acid concentration and 
reaction time on yield c) number of passes and pressure on mean particle size d) number of passes and pressure on yield 

 

 

Fig. 4: FTIR spectra of the cellulose samples AH-NC, HPH-NC, Avicel PH101 

 

Absorption bands around 3400, 1430, 1370 and 890 cm-1 are 
characteristically attributed to cellulose [33]. The broad absorption 
at 3400-3600 cm-1 is assigned to the stretching vibration of-OH 
groups [34], and the absorption at 2920 cm-1 is ascribed to the C-H 
stretching vibration [35]. The peak at 1645 cm-1 is related to the 
bending mode of the water molecule resulting from a strong 
interaction between water and cellulose [36]. Other adsorption 
peaks are mainly assignable to the intermolecular hydrogen 
attraction at the C6 group at 1425 cm-1, C-O-C glycosidic band 

stretching vibration at 1163 cm-1 and C-H rock vibration at 896 cm-
1. Aromatic C-H out-of-plane bending vibration in lignin at 828 cm−1 
[37] did not appear in the spectrum exhibiting complete removal of 
lignin by chemical pretreatment.  

Thermal stability of NC 

The thermal stability of the AH-NC and HPH-NC was investigated by 
thermo gravimetric analysis (TGA) and differential Scanning 
Calorimetry (DSC). 
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Fig. 5: TGA thermograms of AH-NC, HPH-NC, Avicel PH101 

 

The thermo grams in fig. 5 show that Avicel PH 101, AH-NC and 
HPH-NC follow similar degradation patterns. As shown in table 7, 
TGA profiles of Avicel PH 101, AH-NC and HPH-NC are identical 
with respect to T5%, T50% and W500 (%). T5% and T50% are the 
temperature for which 5% and 50% of the mass is decomposed 
respectively, whereas, W 500

Parameter 

 (%) denotes char yield. Initial weight 

loss represents evaporation of loose bound free water on the 
surface and also due to removal of the protective waxes and lignin 
layers from the fiber. Lower residual char value at 500 °C for AH-
NC and HPH-NC indicating lower amounts of residual solids. This 
could be an indicator for the absence of hemicellulose or lignin 
[38]. 

 

Table 7: Thermal properties for AH-NC, HPH-NC, Avicel PH101 

Avicel PH 101 AH-NC HPH-NC 
T 5%, onset ( °C) 244.07 a 229.51 200.69 
T 50% ( °C) 330.75 b 318.69 326.58 
W 500 (%) 19.113 c 15.23 6.10 

aonset temperature for 5% decomposition; btemperature at 50% weight loss; c

 

Fig. 6: DSC thermograms of the cellulose samples AH-NC, HPH-NC, Avicel PH101 

residual char weight at 500 °C 

 

 

Differential scanning calorimetry 

As shown in fig. 6, DSC fairly corresponds with the observations 
made from thermo gravimetric analysis. The onset temperatures of 

the decomposition as well as the midpoint and inflection point 
temperature data for all the samples are similar and are presented 
in table 8. The corn husk undergoes transition and reorient in a 
compact crystal cellulosic structure after removal of non-cellulosic 
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materials. The higher onset temperatures are associated with higher 
thermal stability and high degree of crystallinity. In all the 
thermograms cellulose showed a sharp endothermic peak at 330-

340 °C, corresponding to the fusion of its crystalline part. This 
behavior could be attributed to the high degree of crystallinity of the 
celluloses [38]. 

 

Table 8: DSC thermograms of celluloses sample AH-NC, HPH-NC, Avicel PH101 

Parameter Avicel PH101 AH-NC HPH-NC 
Onset ( °C) 270 290 290 
Mid Point ( °C) 340 330 340 
Inflection Point ( °C) 370 350 350 

 

 

Fig. 7: X-ray diffractograms of the cellulose samples AH-NC, HPH-NC, Avicel PH101 

 

XRD analysis 

The crystallinity of Avicel PH101, AH-NC and HPH-NC is investigated 
using X-ray diffractometry and diffraction spectra of all cellulose 
samples are shown in fig 7. The diffractograms of the Avicel PH101, 
AH-NC and HPH-NC exhibit diffraction pattern typical of cellulose I, 
with diffraction peaks of the 2θ angles at 15.0 °, 14.32 ° and 22 °, 
which can be assigned to the 101, 10Î and 002 reflections, 
respectively [39]. This indicates that all the above mentioned 
cellulosic samples obtained from corn husk are made up of cellulose 
I. This might be due to short time exposure of the raw materials to 
low concentration of sodium hydroxide solution (8 % NaOH) during 
the cellulose isolation. It has been reported that the lattice transition 
from cellulose I to cellulose II sets in above 10% of sodium 
hydroxide, but it is not completed below 15% of sodium hydroxide 
[40]. Crystallinity index gives a quantitative measure of the 
crystallinity in powders and can relate to the strength and stiffness 
of fibres [41]. Hence, in our cellulose sample crystallinity indices 
(86.55% for Avicel PH101, 83.15% for AH-NC and 83.15% for HPH-
NC) are similar to those reported in other studies for MCC [42, 43]. 
High crystallinity indicates an ordered compact molecular structure, 
which translates to dense particles, whereas lower crystallinity 
implies a more disordered structure, resulting in a more amorphous 
powder. 

TEM 

The TEM images of AH-NC and HPH-NC are shown in fig. 8. AH-NC 
and HPH-NC are shown as niddle shaped particles. NC showed a 
broad polydispersity of 100-500 nm in length. NC is comparable in 
length to the nanocrystallites isolated from rice husk [44] and barley 
[45]. It can be concluded that the extraction methods affect the 
morphology and size distribution of NC. HPH is a harsh process 
affecting most of the disordered regions of the cellulose, whereas the 
acid hydrolysis alone is effective in breaking strong hydrogen bonds 
of native fibers dissolving most of the amorphous regions thereby 
resulting in an organized picture in case of AH-NC [46]. 

Updated risk assessment of optimized batch 

During process development, CMAs having high risks were 
addressed. After detailed experimentation, initial manufacturing 
process was updated. Table 9 shows reduction in risks for the 
production of nanocellulose as a result of the process 
development work. Obtained values of particle size and yield 
were in good agreement with each other. Hence, it can be 
concluded that the model has good predictive ability within the 
design space as shown in fig. 9. The test batch with a coded value 
of X1 and X2 showed desirable nano size particles as optimal 
batches. 
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Fig. 8: TEM image of (a) AH-NC and (b) HPH-NC 
 

 

(a)      (b) 

Fig. 9: Optimized batch particle size a) AH-NC b) HPH-NC 
 

Table 9: Updated risk assessment to identify variables affecting product quality 

  Initial material AH HPH 
Y1 Mean particle size (µm to nm) 55 544.8 985.2 
Y2 Yield (%)  78 82 
 Applied parameters for AH 
X1 Acid Concentration (N) - 1.5 (L) - 
X2 Reaction Time (min) - 45 (L) - 
 Applied parameters for HPH 
X1 Pressure - - 22000 (L) 
X2 No of Passes - - 10 (L) 
 

Table 10: Improvements in the powder rheological properties compression 

 Angle of repose Carr’s index Hausner ratio Classification USP 30 
Initial Material 35.4 22.42 1.26 Passable 
AH-NC 31.3 14 1.16 Good 
HPH-NC 32.24 18.3 1.22 Fair 

 

Powder rheology  

Powder rheological properties of optimized batch were investigated 
and it was revealed that NC had far better flow properties than 
initial material; Carr’s index and Hausner’s ratio also improved 
compared to the initial material. This can ease the direct 
compression tableting reducing the amount of the additives in the 

final formulation. In table 10 improvements in powder rheological 
properties are summarized. 

CONCLUSION 

This study demonstrates the applicability of QbD for production of 
Nanocellulose by processing cellulose obtained from recycling corn 
husk. The chosen model helps to envision the effects of the CMAs, 
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CPPs in context to CQAs. Factorial design was employed to save the 
time of runs for the batches, use of reactants, electricity and skilled 
labor. NC prepared by both methods showed similar results in 
instrumental analysis (FTIR, DSC, TGA, XRD and TEM) and 
physicochemical characterization (Carr’s Index, Hausner’s Ratio, 
Particle size and % Yield). Between the two techniques of 
processing, NC produced by acid hydrolysis does not require use of 
modern equipment (such as high pressure homogenizer), minimizes 
the possibility of accidental metal contamination due to HPH, is eco-
friendly, less time consuming, cost effective, less labor intensive and 
has superior flow properties (which is more suitable for high-speed 
tablet press). Hence we would propose hydrolysis of cellulose using 
a dilute acid for production of NC as our method of choice for large 
scale production.  
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ABSTRACT

Objective: The present work aims to compare powder flow properties and post-compression characteristics of acid hydrolysed nanocellulose (AH-
NC) a novel excipient with microcrystalline cellulose (MCC PH200) to demonstrate the application and performance of AH-NC.

Methods: I-optimal design was applied separately for both the excipient, i.e., MCC PH200 and AH-NC. Independent variables were MCC PH200 as 
diluent (X1), AH-NC as diluent (X1), starch as disintegrant (X2), and PVP K30 as dry binder (X3). The dependent variables in design were Carr’s index 
(CI) (R1), angle of repose (AR) (R2), hardness (R3), friability (R4), disintegration time (DT) (R5), and T90 (R6).

Results: Fourier-transform infrared spectroscopy (FTIR) and Differential scanning calorimetry (DSC) studies showed the compatibility of the drug 
with an excipient. CI was found in the range of 8%–17.84% for MCC PH200 and 5.25%–11.94% for AH-NC. AR was found in the range of 31.48–37.66 
for MCC PH200 and 29.62–35.30 for AH-NC. The values of friability, DT, and T90 were almost identical in both the cases.

Conclusion: Not only does AH-NC demonstrates better flow properties but also problems of weight variation and content uniformity are not observed 
when compared to MCC PH200. Hence, AH-NC is more suitable as an excipient for modern high-speed rotary tablet press.

Keywords: Microcrystalline cellulose PH200, Acid hydrolysed nanocellulose, Novel excipient, I-optimal design, Powder flow properties.

INTRODUCTION

The production of nanocellulose (NC) and their application in 
different areas has gained increasing attention recently due 
to their low density, high surface area to volume ratio, higher 
Young’s modulus, higher tensile strength, thermal stability, and 
biodegradable nature [1]. Extraction of NC has been carried out 
by acid hydrolysed (AH), enzymatic hydrolysed, homogenization, 
microfluidization, grinding, cryocrushing, and ultrasonication [2,3] 
from algae, tunicates, bacteria, and natural plant [4]. Application of 
NC as a nanocomposite has been studied [5-8]. However, application 
of NC in the pharmaceutical field has not been reported so far which 
basically is the objective of this study – to evaluate the usability of 
NC as novel tableting excipient produced by processing corn husk 
an agricultural waste, through AH. For that purpose, AH-NC was 
compared to commercially available grades of microcrystalline 
cellulose (MCC): Avicel PH 200. MCC was chosen for comparison 
due to its similarity to AH-NC in chemical structure. Besides, 
Avicel PH 200 is the most common grade of MCC used in tableting. 
Glibenclamide (GLB), an oral hypoglycemic agent for the treatment 
in non-insulin-dependent diabetes mellitus, was selected as a model 
drug in the present study [9-11]. Design Expert® Version 12 was used 
for the data treatment of I-optimal design to ensure optimum use of 
time and cost to obtain a high quality of powder flow property using 
direct compression [12,13].

MATERIALS AND METHODS

Materials
GLB from Cadila Pharmaceuticals Ltd. (India), MCC PH 200 (Avicel® 
PH200) from Signet Pharma (India), PVP K30 from J H Nanhang Life 
Sciences Co. Ltd. (China), starch, magnesium stearate, and talc from 
ACME Chemicals, Mumbai (India), were obtained as a gift sample. 
Indigenously produced AH-NC from corn husk.

Methods
Fourier-transform infrared spectroscopy (FTIR)
FTIR spectra of a drug, a physical mixture of drug and excipients, 
were recorded using KBr discs on a Perkin-Elmer FTIR spectrometer. 
Spectrum range was 4,000-400/cm [14-17].

Differential scanning calorimeter (DSC)
Thermal properties of a drug, a physical mixture of drug and excipients, 
were investigated by DSC on a thermal analyzer (DSC-Thermal Analysis: 
Shimadzu Corporation). About 20 mg of each sample was heated from 
room temperature to 300°C at a rate of 10°C/min under nitrogen [14-17].

Preparation of GLB tablet
All the ingredients weighed accurately and passed through sieve number 
60. Tablets were prepared by direct compression using a rotary press 
(Rimek, Karnavati Engineering Ltd., Gujarat). The total tablet weight 
(GLB, starch, PVP K30, MCC PH200/AH-NC, magnesium stearate, and 
talc) was 160 mg each with ≈3.2 mm thickness and 8 mm in diameter. 
Experimental runs, their factor combinations, and the translation of the 
coded levels to the experimental units used in the study are summarized 
in Table 1. Composition of all prepared batches is mentioned in Table 2.

Evaluation of GLB tablets
Pre-compression parameters
Carr’s index (CI)
Bulk density (ρb) and the tapped density (ρt) of the sample were 
determined with a bulk/tap density test apparatus (Elecrolab, EDT-
1020). CI was calculated as 100 times; the ratio of the difference 
between the tapped density and bulk density to the tapped density was 
calculated by utilizing the following equation [18-20].

    ([ ]/ ) 100CI t b t
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Hausner’s ratio (HR)
HR is the ratio of bulked density to the tapped density. HR was calculated 
according to the following equation [18-20].

/HR b t 

Angle of repose (AR)
It is defined as the angle between the free surfaces of a pile of powder 
to a horizontal plane. In the present study, the AR was determined 
using a fixed cone method [18-20]. The sample was carefully poured 
through the funnel until the apex of the cone, thus formed just 
touched the tip of the funnel. The mean radius (r) and height (h) of 
the heap were measured and the AR was calculated from the following 
equation:

tan /h r 

Post-compression parameters
Hardness
Hardness is termed as the tablet crushing strength or defined as the 
force required breaking a tablet in a diametric compression test. It was 
recorded using Monsanto hardness tester. Hardness of three tablets 

was measured and mean and the standard deviation was calculated and 
reported and expressed in terms of kg/cm2 [21-23].
Friability
Friability of the tablets was tested using Roche friability tester. 
Ten tablets (Fs) were placed in friabilator and operated at 25 rpm 
for 4 min [21-23]. Afterward, the fines were removed by sieving 
through a 250-μm mesh and the fraction above 250 μm mesh 
(Fa) was used to calculate the friability of tablets according to the 
following equation:

Disintegration time (DT)
In vitro DT was performed by USP disintegration apparatus at 50 rpm. 
Phosphate buffer (pH 6.8), 600 ml was used as disintegration medium, 
the temperature was maintained at 37°C ± 2°C and one tablet was 

Table 1: Experimental runs for the glibenclamide tablet with coded values

Independent variables Name Unit 0 (low) 1 (high)
Tablet formulation using MCC PH 200

X1 Starch % 4 8
X2 PVP K30 % 2 10
X3 MCC PH 200 % 79.87 87.87

Tablet formulation using AH-NC
X1 Starch % 4 8
X2 PVP K30 % 2 10
X3 AH-NC % 79.87 87.87

Dependent variables and their desired ranges

Dependent variables Name Unit MCC PH 200 AH‑NC
R1 CI % <10–15 <10–15
R2 AR ɵ 25–35 25–35
R3 Hardness kg/cm2 3–5 3–5
R4 Friability % 0.2–0.9 0.2–0.9
R5 Disintegration time Sec 40–270 40–270
R6 T90 Min 90–110 90–110

MCC: Microcrystalline cellulose, AH-NC: Acid hydrolysed-nanocellulose, AR: Angle of repose, CI: Carr’s index

Table 2: Composition of all formulations of glibenclamide tablet

Batches

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Tablet formulation using MCC PH 200
Ingredients (%)

Glibenclamide 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Starch 6.4 8.0 4.6 4.0 6.2 6.4 6.2 8.0 4.0 4.6 4.6 4.0 4.0 6.4 8.0 6.4
PVP K30 2.0 5.8 5.6 2.0 6.0 7.7 6.0 2.3 3.9 5.6 5.6 10.0 7.9 2 4.0 7.6
MCC PH 200 85.52 80.08 83.63 87.87 81.68 79.87 81.68 83.58 85.89 83.63 83.63 79.87 81.92 85.52 81.81 79.87
Talc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Magnesium 
stearate

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Tablet formulation using AH‑NC

Ingredients (%)
Glibenclamide 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1
Starch 6.4 8.0 4.6 4.0 6.2 6.4 6.2 8.0 4.0 4.6 4.6 4.0 4.0 6.4 8.0 6.4
PVP K30 2.0 5.8 5.6 2.0 6.0 7.7 6.0 2.3 3.9 5.6 5.6 10.0 7.9 2 4.0 7.6
AH-NC 85.52 80.08 83.63 87.87 81.68 79.87 81.68 83.58 85.89 83.63 83.63 79.87 81.92 85.52 81.81 79.87
Talc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Magnesium 
stearate

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

MCC: Microcrystalline cellulose, AH-NC: Acid hydrolysed-nanocellulose

Weight variation
Twenty tablets were weighed individually and then the average weight 
was calculated. The weight of an individual tablet is then compared to 
the average. The tablet passes the test if no more than two tablets are 
outside the percentage limit [21].

Friability = (Fs−Fa)/Fa × 100
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placed in each of the six basket tubes of the apparatus and one disc was 
added to each tube. Time taken for the complete disintegration of the 
tablet was noted [21].

In vitro dissolution
GLB release was determined using a dissolution apparatus USP 
type II (Paddle type). Tablet was added with sinkers in a dissolution 
medium consisting of 900 ml 0.05 M, pH 7.5 phosphate buffer and was 
stirred at 50 rpm at 37°C ± 0.5°C. Five ml of sample was withdrawn at 
defined time intervals and was replaced with the same volume of fresh 
dissolution media. The samples were analyzed spectrophotometrically 
(UV-1700, Shimadzu Corp., Kyoto, Japan) at 231.5 nm (Cruz-Antonio 
83). Dissolution tests (n = 3) were carried out for all the batches and the 
percentage drug released was calculated using a standard calibration 
curve [24].

RESULTS AND DISCUSSION

FTIR
Spectrum of GLB and physical mixture of GLB with excipients is shown 
in Fig. 1. GLB showed carbonyl stretching at 1712.67/cm, symmetrical 
and asymmetrical sulfonyl stretching at 1161.07 and 1344.29/
cm, respectively, and amide stretching at 3315.41 and 3365.55/cm. 
Comparison of functional group peaks of GLB and physical mixture 
revealed that there were no major changes observed for characteristic 
peaks which confirm the absence of interaction between drug and the 
excipients [10].

DSC
DSC thermograms of GLB and physical mixture of GLB with other 
excipients are compared as shown in Fig. 2. A sharp endothermic peak 
at 175.58°C in the thermogram of GLB was observed. Characteristic 
peak of GLB was observed at 175.22°C in a physical mixture containing 
MCC PH200, whereas peak of a mixture containing AH-NC was 
observed at 175.23°C. This confirmed that no major changes were 
observed in characteristic peaks showing compatibility between drug 
and excipients used in the formulation [11].

Responses for GLB tablet
Experimental trials (16 batches) and their observed responses are 
shown in Tables 3 and 4. From the results, it is suggested that the 
quadratic model is the best fit model for all responses.

CI (R1)
Model F-value for MCC PH200 is 479.04 and for AH-NC is 6.01 implies 
that the model is significant. The results of multiple regression 
analysis indicate a fairly high value of correlation coefficient, i.e., 
0.9979 for MCC PH200 and for AH-NC is 0.8662. It is concluded that 
the value of CI can be predicted within the design space, with fair 
accuracy. The interaction terms are statistically significant in nature 
as shown in Table 5.

The highest value of the coefficient was seen with starch in the 
mathematical model. The reason for poor fluidity is starch, due to the 

a

b

Fig. 1: Fourier‑transform infrared spectroscopy spectra of a) GLB and GLB + MCC PH200 and b) GLB and GLB + AH-NC
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presence of moisture in it and fine particles. Curved lines in response 
surface plot indicate non-linear relation between independent and 
dependent variables as shown in Fig. 3.

AR (R2)
Model F-value for MCC PH200 is 34.99 and for AH-NC is 5.18 implies 
that the model is significant. The results of multiple regression analysis 
indicate a fairly high value of correlation coefficient, i.e., 0.972 for MCC 
PH200 and for AH NC is 0.8493. It is concluded that the value of the 

a

b

Table 3: Observed responses of glibenclamide tablets using microcrystalline cellulose PH200

Response Batches

1 2 3 4 5 6 7 8
CI* 13.31±3.62 12.29±7.03 9.06±3.81 13.42±6.05 8.52±1.62 9.48±1.48 8.00±3.17 17.84±6.67
AR* 35.27±1.44 31.48±5.33 34.67±4.53 33.72±0.88 34.34±1.38 34.54±3.66 34.07±4.45 32.03±0.81
Hardness* 4.90±0.36 3.53±0.42 4.77±0.38 4.83±0.21 4.73±0.31 4.40±1.06 4.87±0.23 3.30±0.70
Friability 0.47 0.92 0.89 0.56 0.77 0.56 0.76 0.75
DT** 295.17±1.94 57.33±4.63 168.00±1.26 172.67±1.75 185.17±1.47 140.83±1.47 185.17±1.41 150.83±2.07
T90* 26.72±0.13 22.72±0.32 26.68±0.33 41.44±0.13 17.16±0.10 20.22±0.32 15.43±0.33 21.33±0.11
Weight variation 160.49 160.06 159.99 160.3 160.05 160.23 161.17 161.2

Response Batches

9 10 11 12 13 14 15 16
CI* 10.84±8.15 9.06±3.81 9.06±3.81 16.50±4.42 11.83±1.82 13.83±1.87 14.33±1.70 9.42±1.05
AR* 34.21±5.27 35.92±1.52 35.92±1.52 37.66±2.14 36.56±1.02 35.27±1.44 31.48±5.33 34.62±0.92
Hardness* 4.27±0.31 4.80±0.20 4.67±0.15 4.53±0.06 4.33±0.42 4.47±0.23 3.63±0.15 4.60±0.20
Friability 0.88 0.8 0.89 0.7 0.93 0.47 0.92 0.66
DT** 147.00±2.07 168.33±1.90 168.33±1.63 42.00±2.66 82.33±2.42 294.67±2.66 123.67±2.42 140.83±1.72
T90* 40.78±0.32 21.47±0.33 20.33±0.24 32.33±0.28 36.8±0.31 23.23±0.35 36.25±0.39 39.06±0.43
Weight variation 161.03 161.16 161.29 161.42 161.55 161.69 161.82 161.95
*Average of three determinations, **An average of six determinations. AR: Angle of repose, CI: Carr’s index, DT: Disintegration time

AR can be predicted within the design space, with fair accuracy. The 
interaction terms are statistically significant in nature as shown in 
Table 6.

Starch showed an insignificant effect on the AR due to lowest 
coefficient value, i.e., 16.81 for MCC PH200 and 10.95 for AH-NC. As 
shown in Fig. 4, left corner red in color shows that AR is on the higher 
side. The high amount of PVP K30, MCC PH200, and AH-NC showed 
decline in AR.

Fig. 2: Differential scanning calorimeter thermogram of  a) GLB b) GLB + MCC PH200 and c) GLB + AH-NC
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Response Batches

1 2 3 4 5 6 7 8
CI* 5.25±2.06 11.94±0.93 6.41±1.39 9.26±2.86 5.81±2.17 7.03±0.34 10.11±4.06 7.89±8.66
AR* 33.72±0.88 31.25±0.77 32.03±0.81 31.05±1.89 34.62±0.92 32.27±3.61 33.45±1.31 31.73±3.60
Hardness* 5.23±0.21 3.20±0.20 5.00±0.10 5.73±0.31 4.20±0.20 5.27±0.31 6.40±0.87 3.13±0.99
Friability 0.81 0.46 0.86 1.09 0.65 0.61 0.65 0.64
DT** 254.00±3.03 47.62±1.68 163.44±3.22 169.17±1.47 279.17±1.72 131.75±1.08 175.00±0.63 140.82±0.92
T90* 26.60±0.33 43.84±0.48 35.56±0.33 27.77±0.13 35.00±0.10 43.53±0.32 35.00±0.42 34.77±0.11
Weight variation 161.45 160.91 163.17 162.87 161.11 163.05 164.22 160.65

Response Batches

9 10 11 12 13 14 15 16
CI* 8.38±3.96 7.46±2.87 7.46±2.87 6.39±1.15 7.32±3.88 5.25±2.06 9.64±13.59 7.74±4.76
AR* 30.52±1.48 35.27±1.44 35.30±2.03 29.62±2.18 31.95±3.30 34.21±5.27 31.48±5.33 32.32±1.26
Hardness* 4.20±0.20 5.00±0.10 4.69±0.20 4.68±0.22 4.67±0.23 4.67±0.25 4.66±0.26 4.65±0.28
Friability 0.99 0.86 0.86 0.92 0.91 0.81 0.53 0.51
DT** 263.00±1.79 163.86±2.48 163.86±2.48 49.14±1.45 86.33±2.25 254.67±3.27 84.17±2.79 131.92±1.56
T90* 28.00±0.42 35.56±0.33 35.56±0.24 30.96±0.28 24.24±0.31 35.00±0.35 34.21±0.39 43.53±0.43
Weight variation 161.45 161.43 161.93 161.91 160.79 161.88 160.91 163.39
*Average of three determinations, **An average of six determinations. AR: Angle of repose, CI: Carr’s index, DT: Disintegration time

Table 5: Full model in coded form for Carr’s index

A B C AB AC BC
MCC PH 200

CI 47.4699 16.4503 13.5083 −3.50830 −3.50830 −3.5083
p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

AH-NC
CI 29.7483 6.14168 8.95201 −24.7036 −46.9373 2.44815
p 0.1875 0.1875 0.1875 0.0429 0.0015 0.5209

MCC: Microcrystalline cellulose, AH-NC: Acid hydrolysed-nanocellulose, CI: Carr’s index

Table 6: Full model in coded form for an angle of repose

A B C AB AC BC
MCC PH 200

AR 16.8085 37.7675 33.9237 14.3515 29.0784 −2.54291
p <0.0001 <0.0001 <0.0001 0.0119 0.0001 0.1468

AH-NC
AR 10.9593 29.6747 30.4561 40.5637 44.3385 9.95272
p 0.5574 0.5574 0.5574 0.0031 0.0020 0.0204

MCC: Microcrystalline cellulose, AH-NC: Acid hydrolysed-nanocellulose, AR: Angle of repose

Table 4: Observed responses of glibenclamide tablets using AH-NC

a b

Fig. 3: Response surface plot for Carr’s index a) MCC PH200 b) AH-NC
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Hardness of tablets (R3)
Model F-value for MCC PH200 is 17.72 and for AH-NC is 7.72 implies 
that the model is significant. The results of multiple regression analysis 
indicate a fairly high value of correlation coefficient, i.e., 0.947 for MCC 
PH200 and for AH-NC is 0.8911. It is concluded that the value of the 
hardness can be predicted within the design space, with fair accuracy. The 
interaction terms are statistically significant in nature as shown in Table 7.

The coefficient associated with starch is negative, i.e., −3.75 for MCC 
PH200 and −8.25 for AH-NC. As shown in Fig. 5, if the amount of starch 
is increased in the powder blend, the hardness of the tablets will reduce. 
PVP K30, MCC PH200, and AH-NC showed positive coefficients. The 
hardness of the tablets should increase if PVP K30 and/or MCC PH200/
AH-NC are increased in the powder blend.

Friability of tablets (R4)
Model F-value for MCC PH200 is 53.88 and for AH-NC is 160.83 implies 
that the model is significant. The results of multiple regression analysis 
indicate a fairly high value of correlation coefficient, i.e., 0.981 for MCC 
PH200 and for AH NC is 0.9938. It is concluded that the value of the 
friability can be predicted within the design space, with fair accuracy. 
The interaction terms are statistically significant in nature as shown in 
Table 8.

As shown in Fig. 6, plots show a steep change in the values of friability of 
the GLB tablets. It may be concluded from the contour plot of friability 
of GLB tablets that low concentration of PVP K30 is not favorable to 
keep the friability below 1%. PVP K30 played a key role in managing the 
mechanical strength of the tablets.

Table 7: Full model in coded form for hardness

A B C AB AC BC
MCC PH 200

Hardness −3.74738 4.42348 4.68266 12.6804 11.9954 −0.425618
p 0.0003 0.0003 0.0003 <0.0001 <0.0001 0.5231

AH-NC
Hardness −8.25355 4.63199 4.93067 22.332 19.8701 −1.1776
p 0.0527 0.0527 0.0527 0.0003 0.0008 0.4251

MCC: Microcrystalline cellulose, AH-NC: Acid hydrolysed-nanocellulose

a b

Fig. 4: Response surface plot for an angle of repose a) MCC PH200 b) AH-NC

a b

Fig. 5: Response surface plot for hardness a) MCC PH200 b) AH-NC
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DT of GLB tablets (R5)
Model F-value for MCC PH200 is 221.25 and for AH-NC is 6.67 implies 
that the model is significant. The results of multiple regression analysis 
indicate a fairly high value of correlation coefficient, i.e., 0.9866 for MCC 
PH200 and for AH-NC is 0.8771. It is concluded that the value of the DT can 
be predicted within the design space, with fair accuracy. The interaction 
terms are statistically significant in nature as shown in Table 9.

The coefficient associated with starch is negative, i.e., −742.6 for 
MCC PH200 and −733.13 for AH-NC. As shown Fig. 7, if the amount 

of starch is increased in the powder blend, the DT of the tablets will 
reduce.

T90 of GLB tablets (R6)
Model F-value for MCC PH200 is 2.05 and for AH-NC is 4.81 implies that 
the model is significant. The results of multiple regression analysis indicate 
a fairly high value of correlation coefficient, i.e., 0.9325 for MCC PH200 
and for AH-NC is 0.8405. It is concluded that the value of the T90 can 
be predicted within the design space, with fair accuracy. The interaction 
terms are statistically significant in nature as shown in Table 10.

Table 8: Full model in coded form for friability

A B C AB AC BC
MCC PH 200

Friability 2.57209 0.680256 0.556855 −2.90677 −3.3165 1.50394
p 0.0010 0.0010 0.0010 <0.0001 <0.0001 <0.0001

AH-NC
Friability 0.49526 0.9097 1.08407 −1.04139 −0.484124 −0.22969
p <0.0001 <0.0001 <0.0001 0.0013 0.0728 0.0186

MCC: Microcrystalline cellulose, AH-NC: Acid hydrolysed-nanocellulose

Table 9: Full model in coded form for disintegration time

A B C AB AC BC
MCC PH 200

DT −742.607 41.6313 177.117 1593.51 1836.66 10.2776
p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.7028

AH-NC
DT −733.137 34.7646 196.026 1588.38 1613.75 134.527
p 0.0075 0.0075 0.0075 0.0032 0.0032 0.3661

MCC: Microcrystalline cellulose, AH-NC: Acid hydrolysed-nanocellulose, DT: Disintegration time

Table 10: Full model in coded form for T90

A B C AB AC BC
MCC PH 200

T90 91.6893 35.8989 44.1256 −131.778 −167.588 −37.2486
p 0.2715 0.2715 0.2715 0.0979 0.0459 0.1660

AH-NC
T90 20.4789 29.811 28.5094 71.9557 25.4957 1.27329
p 0.0071 0.0071 0.0071 0.0822 0.5170 0.9231

MCC: Microcrystalline cellulose, AH-NC: Acid hydrolysed-nanocellulose

a b

Fig. 6: Response surface plot for friability a) MCC PH200 b) AH-NC
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PVP K30 and MCC PH200/AH-NC have positive coefficients as shown 
in Fig. 8.

Overlay plot for GLB tablet
To check the predictive ability of all the mathematical points, two points 
were randomly chosen as shown in Fig. 9 for MCC PH200 and AH-NC. 

A composition with 7.71% starch, 3.91% PVP K30, and 82.23% MCC PH200 
showed acceptable values of dependent variables (CI = 13.36, AR = 32.30, 
hardness = 3.73, friability = 0.84, DT = 147.69 sec, and T90 = 23.90 min). 
A composition with 4.28% starch, 7.60% PVP K30, and 81.97% AH-NC 
showed acceptable values of dependent variables (CI = 7.11, AR = 32.4, 
hardness = 4.77, friability = 0.86, DT = 129 sec, and T90 = 31 min).

a b

Fig. 7: Response surface plot for disintegration time a) MCC PH200 b) AH-NC

a b

Fig. 8: Response surface plot for T90 a) MCC PH200 b) AH-NC

a b

Fig. 9: Overlay plot for glibenclamide tablet using a) MCC PH200 b) AH-NC
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DISCUSSION

Good flow is one of the primary requirements for high-speed tablet 
press and as shown in Fig. 10. CI for AH-NC was 5.24 (low), 7.7 (mean), 
and 11.9 (high), i.e., good to excellent flow while for MCC PH200, it 
was 8 (low), 11.17 (mean), and 17.84 (high), i.e., fair to excellent flow. 
An AR for AH-NC was 29.62 (low), 32.55 (mean), and 35.3 (high), i.e., 
good to excellent flow while for MCC PH200, it was 31.48 (low), 34.48 
(mean), and 37.66 (high), i.e., good to fair flow [18]. The hardness of 
the tablets depends on interparticle bonding and it is important for 
maintenance of tablet shape during manufacture and transit. For an 
average tablet, the required hardness is 4 kg/cm2 [18]. In case of AH-
NC, hardness was 3.13 (low), 4.77 (mean), and 6.4 (high) while for 
MCC PH200, it was 3.3 (low), 4.41 (mean), and 4.9 (high). The major 
reason for better consolidation of particles in AH-NC could be the 
presence of small particles, wherein stronger particle-particle bond 
might have formed. The values of friability, DT, and T90 were almost 
identical in both the cases. Based on these results, it can be further 
concluded that problems of weight variation and content uniformity 
variation were not observed in the case of AH-NC. Hence, between AH-
NC and MCC PH200, AH-NC is a better choice for large-scale tablet 
production.

CONCLUSION

Good quality tablets are dependent on attributes of diluents as they are 
used in the formulation to increase the bulk of formulations and to bind 
other inactive ingredients with the active pharmaceutical ingredients 
(APIs). GLB being a low-dose API should require a large fraction of 
diluent. Therefore, the attributes of diluents such as MCC PH200 and 
AH-NC become extremely important as they influence the quality of 
finished tablets. The present study focusing on powder flow properties, 
confirms the usage of AH-NC prepared from agricultural waste as 
an effective direct compressible vehicle for formulation design and 
product development when compared to MCC PH200. Furthermore, 
it is anticipated, this work will kindle more research and faith toward 
utilization of natural excipient extracted from agricultural waste in 
the solid oral dosage forms. Finally, based on the results of multiple 
regression analysis and ANOVA, it can be concluded that the three main 
effects, i.e., X1: Starch, X2: PVP K30, and X3: MCC PH200/AH-NC are 
critical material attributes.
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INTRODUCTION: 

Each year, farming and agricultural processing 

generate millions of tones of lignocellulosic 

biomass, such as corn cobs and husks, groundnut 

shells, rice straw, banana stems, soy hulls and sugar 

beet pulp and sugar cane bagasse [1- 4]. 

Cellulose is a classical example of a renewable and 

biodegradable structural plant polymer which can 

be processed into whisker-like micro fibrils [5-7]. 

Cellulose is the world’s most ubiquitous and 

abundant naturally occurring polymer which is 

produced by plants, as well as by microorganisms. 

It shows remarkable reinforcing capability, 

excellent mechanical properties, low density and 

environmental benefits [8-15]. 

Micro-crystalline cellulose is described as 

‘purified, partially depolymerized cellulose’ 

prepared by treating cellulose obtained as a pulp 

from fibrous plant material with mineral acids [16]. 

Commercially available microcrystalline cellulose 

is derived from hard wood and purified cotton. In 

India there is a need for searching of cheaper 

sources of microcrystalline cellulose as hard wood 

is expensive. This has led to the search for other 

lignocellulosic waste materials based on 

agricultural residues [17-20]. As a result, several 

types of microcrystalline cellulose are available in 

the market with different physicochemical and 

thermal properties, and therefore, they will have 

different functional parameters and applications. 

These differences can affect their functional 

properties when employed in pharmaceutical 

formulations [21]. 

Microcrystalline cellulose [MCC] is a fine, white, 

odorless, crystalline powder and a biodegradable 

material, which can be isolated from cellulose. 

MCC is typically characterized by a high degree of 

crystallinity, although there are variations between 

grades; values typically range from 55 to 80% as 

determined by X-ray diffraction [22, 23].  

Isolation of microcrystalline cellulose has been 

carried out from jute, rice husk cellulose by using 

the acid alkali hydrolysis [Sulfuric acid] and 

bleaching approach [26- 32]. They also reported 

that MCC can be used as suspension stabilizer, a 

water retainer in cosmetics, food and universal 

filler for the extrusion/spheronization process in 

pharmaceuticals industries. [33-35]. 

In this study we have compared Avicel PH 101 

with all CH-MCC [H2SO4, HCl, HNO3] samples 

and examined the physical properties along with 

their structural and thermal properties with view to 

ascertain its potential as a pharmaceutical 

excipient.  

 

MATERIAL AND METHODS: 

Materials 

A corn husk, an agricultural waste was collected by 

the local farmers in Gujarat, India. Avicel PH 101, 

sodium hydroxide [NaOH] [reagent grade, 98%], 

hydrochloric acid [HCl] [ACS reagent, 37%], 

Sulphuric Acid [H2SO4], Nitric acid [HNO3] and 

Calcium hypo-chlorite [technical grade] were 

supplied by Sigma-Aldrich. Aqueous solution of 

sodium hypochlorite was prepared by dissolution 

of calcium hypochlorite and sodium hydroxide in 

water, with subsequent filtration of the calcium 

hydroxide precipitate formed. 

Method 

1Kg corn husk was treated with water for removal 

of trash at 60oC for 3 hours and pulverized to husk 

powder. 900g of the powdered corn husk was 

delignified with 500 ml of a 2 N NaOH at 80°C in 

a glass container for 2 hours. A 300 g of each batch 

of powdered corn husk was treated with 500 ml of 

1 N H2SO4, HCl and HNO3 in a glass container in 

autoclave at 90°C for 45 minutes. The residue was 

washed, filtered, and bleached with a 1L of 3.5% 

w/v sodium hypochlorite at 55 °C for 30 min. 

Residual slurry was washed with distilled water 

until it was neutral to litmus paper. The resultant 

cellulose was dried at 60°C for 6 hr.  

 

Characterization 

pH determination  

2 g of the powder material shaking with 100 ml of 

distilled water for 5 min and the pH of the 

supernatant liquid was determined using a pH 

meter [Corning, model 10 England] [36]. 

Chemical Evaluation of MCC  

The following tests were conducted on the 

produced MCC, to confirm the identity of extracts 

[37].  

a. Test for the Presence of Lignin 

100 mg of obtained MCC was placed on a 

glass slide and moistened with concentrated 

hydrochloric acid, two drops of phloroglucinol 

was added and heated and slide was thereafter 

examined under light microscope for any 

coloration.  

b. Test for the presence of sugar  

Standard I.P test for free reducing sugar was 

conducted on the extract.  

c. Test for the presence of starch  

To 0.2g of obtained MCC few drops of iodine 

solution was added, followed by addition of 

concentrated sulphuric acid and change in 

color was noted.  

Scanning Electron Microscopy 

Scanning electron microscopy [gold coating, 

Edwards Sputter Coater, UK] was performed using 

a Joel 6310 [Joel Instrument, Tokyo, Japan] system 

running at 10 KeV. 

Infrared Spectroscopy  

Fourier transform infrared [FT-IR] spectra were 

recorded using KBr discs on a Perkin-Elmer FT-IR 

spectrometer. The scanned range was 4,000 to 400 

cm−1  

Powder X-Ray Diffraction  

X-Ray Diffraction patterns of the cellulose samples 

were obtained using an x-ray diffractometer 

[Philips Xpert Mpd]. Samples for analysis were 
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prepared by pressing the powder into the cavity of 

a sample holder and smoothen with a glass slide. 

The crystallinity index [CI] was calculated using 

equation 1.  

CI= [I002 – Iam] / I002*100 ……1  

Where I002 is the maximum intensity of the 

principal peak [002] lattice diffraction, and Iam is 

the intensity of diffraction attributed to amorphous 

cellulose [38].  

Thermal Analysis  

The thermal properties of the cellulose samples 

were investigated by TGA and DSC on a 

simultaneous thermal analyzer [Mettler-Toledo 

AM, Greifensee, Switzerland]. Samples weighing 

between 6 and 10 mg were used. Each sample was 

heated from room temperature to 500°C at a rate of 

5°C/min under nitrogen.  

Molecular weight and Degree of Polymerization 

Determinations 

The molecular weight of the MCCs was determined 

using oswald viscometer [39]. Water was used as a 

blank solution as well as the solvent for the 

solution. All determinations were done at 25oC. 

The time taken for water to flow through the 

viscometer was determined using a stopwatch. The 

viscosity of each was calculated using the equation 

2. 

η 1/ η 2 = t1/t2 ------ 2 

The specific viscosity [ηsp] of the polymer solution 

was calculated from the equation 3.  

η sp = η 2/ η 1 – 1 ------3 

The intrinsic viscosity [η0] was calculated from the 

graphical form of the Huggins equation 4.  [40] 

η sp /C  = η + KH [η]2 C ------4 

Where KH is Huggin’s constant  

The molecular weight was calculated using the 

integral form of Mark-Houwink equation 5. 

η = KM v 
a ------5 

where k and a are constants characteristic of the 

polymer-solvent temperature system. K ranges 

from 0.5 and 5x10-4. 

The degree of polymerization was then calculated 

using the equation 6. 

Dp = M \ Mo ------6 

M = molecular weight of the material and Mo = 

Molecular weight of glucose 

 

Determination of Yield 

The microcrystalline cellulose obtained by different 

acid treatment was weighed and the yield was 

calculated using equation 7.  

 Yield [%] = A / B x 100 ------7 

A [mg] = Weight of obtained microcrystalline 

Cellulose and B [mg] = Weight of alpha cellulose 

Particle Size Analysis  

Using a light compound microscope the particle 

size of hundred particles was determined. The 

average particle size of MCC was however 

calculated statistically [41].  

Bulk and Tapped Density  

 For the determination of the bulk and tapped 

densities, the methods reported in an earlier 

study were adopted [42]. Briefly, 25 g of the 

cellulose powder was accurately weighed and 

poured into a 100-mL graduated cylinder. The 

cylinder was Stoppered and the bulk volume 

[Vb] was recorded. For tapped density, the 

cylinder was tapped from a height of 2.5 cm on 

a hard surface to a constant volume [i.e. until no 

more settling of the material occurred]. The 

final [constant] volume [Vt] was noted to be the 

tapped volume. The bulk density, Dbulk, and 

tapped density, Dtap, were determined using 

equations 8 and 9. 

Dbulk= W/Vb ------8 

Dtap= W/Vt ------9 

Carr's Index and Hausner Ratio 

Carr's index [42] and Hausner ratio [43] for 

cellulose were calculated from bulk and tapped 

densities using equations 10 and 11. 

Carr’s Index={[ Dtap – Dbulk]/ Dtap }*100 …..10 

Hausners Ratio= Dtap / Dbulk  .….11 

Angle of Repose  

The static angle of repose was measured according 

to the fixed funnel and free standing cone method 

[43]. A funnel was clamped with its tip 2 cm above 

a graph paper placed on a flat horizontal surface. 

The powders were carefully poured through the 

funnel until the apex of the cone thus formed just 

reached the tip of the funnel. The mean diameters 

of the base of the powder cones were determined 

and the tangent of the angle of repose calculated 

using the equation 12. 

ϴ = Tan-1 [h /r] ------12 

Where h is height of heap of powder and r is the 

radius of the base of heap of powder. 

Moisture Content  

The Moisture Content [44] was determined using 

equation 13. 

Moisture Content = {[Wet Wt.–Dry Wt.]/Wet 

Wt}* 100 ------13 

Swelling Capacity 

1.0 g of each sample was placed in four 15 ml 

plastic centrifuge tubes and 10 ml distilled water 

was added and then stoppered. The tubes were 

allowed to stand for 10 min and immediately 

centrifuged at 1000 rpm for 10 min on a 

Gallenkamp bench centrifuge. This was calculated 

using equation 14. 

 S = [V2 – V1] / V1 x 100 ------14 

Where S is the % swelling capacity, V2 is the 

volume of the swollen material and V1 is the 

tapped volume of the material prior to swelling 

[45]. 

 

RESULTS AND DISCUSSION: 

Physicochemical Properties  

The physicochemical properties of CH- MCC 

prepared by different acid treatments [H2SO4, HCl, 

HNO3] are shown in Table 1. The Organoleptic 

properties of the CH-MCC produced were good as 

the material was odorless, tasteless, white granular 

powder and the pH was almost neutral 6.8 for all 

samples. [46] 
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Table 1: Physicochemical properties of CH- MCC 

 

Organoleptic Properties 
 

Type of MCC  CH-MCC [H
2
SO

4
]  CH-MCC [HCl]  CH-MCC  [HNO

3
]  Avicel PH-101 

Color  White  White  Off White  White  

Odor  Odorless  Odorless Odorless Odorless 

Taste  Tasteless  Tasteless Tasteless Tasteless 

Appearance  Granular Powder  Granular Powder Granular Powder Granular Powder 

pH 5.6 6.2 6.4 6.6 

Lignin Negative Negative                 Negative Negative 

Sugar Negative Negative Negative Negative 

Starch Negative Negative Negative Negative 

Solubility 

Disti.Water  Insoluble  Insoluble Insoluble Insoluble 

Acetone  Insoluble Insoluble Insoluble Insoluble 

Ethanol  Insoluble Insoluble Insoluble Insoluble 

Dil. HCl  Insoluble Insoluble Insoluble Insoluble 

Scanning electron micrographs [SEM] 
a) CH-MCC (H2SO4) b) CH-MCC (HCl)

c) CH-MCC  (HNO3) d) Avicel PH-101

 Fig. 1: SEM of [a] CH-MCC [H2SO4], CH-MCC [HCl], CH-MCC [HNO3] 

  

The morphology of CH- MCC after acid, alkali and 

bleaching was investigated using SEM and 

compared to Avicel PH101. Fig.1, table 5 shows 

individualized and uniform fibers, which correlates 

with the spectroscopic evidence for the removal of 

cementing material around the fiber bundles; 

namely hemicelluloses, and lignin [47, 48]. All the 

prepared CH-MCC showed sharper edges, 

crystalline and transparent image while that of CH-

MCC [HCl] showed similar sized uniform fibers. 

 According to previous studies, cellulose obtained 

from different sources and hydrolytic conditions 

differ in overall characteristics of MCC such as 

particle size and aggregation [49, 50].  
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FT-IR Spectroscopic Studies: 

 

 
Fig 2. FTIR spectra. Black indicates Avicel PH101; green, CH-MCC [HNO3]; blue, CH-MCC [H2SO4] 

and red, CH-MCC [HCl]. 

 

FT-IR spectra of CH-MCC [H2SO4, HCl, HNO3] 

and Avicel PH101 are shown in Fig.2 and the 

spectral assignments are summarized in Table 2. 

CH-MCC [H2SO4 , HCl, HNO3] and Avicel PH101 

showed a high wave numbers [2800–3500 cm−1] 

and low wave numbers [500–1700 cm−1], 

respectively [51,52]. which is an indication that all 

samples have similar chemical compositions. The 

broad absorption band located from 3400 to 3500 

cm−1 is due to stretching of –OH groups and an 

absorption at 2900 cm−1 is related to CH2 groups 

[53,51, 54]. 

According to other studies and present 

investigation, the absorption at 1645 cm−1 is 

related to the bending modes of water molecules 

due to a strong interaction between cellulose and 

water [51,53]. The absorption band at 1425 cm−1 

is associated to the intermolecular hydrogen at the 

C6 [aromatic ring] group [55]. The absorption band 

at 1163 cm−1 corresponds to C O C stretching, and 

the peak at 896 cm−1 is associated to C H rock 

vibration of cellulose [anomeric vibration, specific 

for glucosides] observed in CH-MCC samples [47]. 

The absence of peaks located in the range 1509–

1609 cm−1, which would correspond to C-C 

aromatic skeletal vibrations, indicate the complete 

removal of lignin [51,52]. The absorption band 

which corresponds to either the acetyl or uronic 

ester groups of hemicelluloses normally appears in 

the region 1700–1740 cm−1, this band is absent, 

indicating the removal of hemicelluloses 

[51,47,57]. Similar results have been observed by 

[53] during production of MCC from jute fibers 

and [52]. 

Table 2: FTIR spectral assignments for all CH-

MCC samples 

 

Antisymmetric out-of-phase 

stretching vibration  
895 cm−1  

Ring vibration and C-OH 

bending  
1,060 cm−1  

Pyranose ring  1090 cm−1  

C-O-C aryl-alkyl  1265 cm−1  

O―H in plane bending vibration  1315 cm−1  

CH2 due to crystalline nature  1415 cm−1  

Intermolecular hydrogen bonds 

at the C group  
1429, 1426 cm−1  

−O- tensile vibration 

neighboring hydrogen atoms  
1,650 cm−1  

CH2  2854 cm−1  

C-H asymmetric and symmetric 

tensile vibration 
2,900 cm−1  

Intermolecular O―H stretching 

vibration band  
3327 cm−1  

Intramolecular O―H stretching 

vibration band  
3330 cm−1  

Broad peak of OH stretching, 

hydrogen bonds 

3,300 to 3,500 

cm−1  

X-ray diffraction studies 

 

 Fig 3: X-Ray Diffractograms Black indicates CH-MCC [H2SO4]; green, Avicel PH101; blue, CH-MCC 

[HNO3], and red, CH-MCC [HCl]. 
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The X-ray diffraction [XRD] patterns of CH-MCC 

[H2SO4, HCl, HNO3] and Avicel PH101 are 

presented in Fig 3. The crystallinity of each sample 

is listed in Table 5. The diffractograms of the CH-

MCC [H2SO4 , HCl, HNO3] samples of 101 and 

002 has diffraction peaks of the 2θ angles at 

10.24°, 13°, 13.68° and 21.16°,22.51°, 21.96° 

respectively. The lowest height between 002 peak 

and 101 peak is Iam and represents only the 

amorphous part. The value of the crystallinity 

index was calculated using eq-1 for CH 

MCC[H2SO4 , HCl, HNO3]  are 73, 78, 70 

respectively which are very close to that found for 

Avicel PH101 i.e 83 %. [20,23]All XRD 

diffraction data suggested that the samples were 

highly crystalline, which can lead to a higher 

tensile strength to fibers [47, 51]. The crystallinity 

index for CH-MCC [H2SO4, HCl, HNO3] is high 

due to removal of hemicellulsoe and lignin, which 

existed in amorphous regions leading to 

realignment of cellulose molecules[9, 25]. The 

crystallinity index gives a quantitative measure of 

the crystallinity in powders and can relate to the 

strength and stiffness of fibres. High crystallinity 

indicates an ordered compact molecular structure, 

which translates to dense particles, whereas lower 

crystallinity implies a more disordered structure, 

resulting in a more amorphous powder. These 

results mean that the overall multistep procedure 

employed is adequate to obtain highly crystalline 

cellulose [56].  

Thermal Properties 

The thermograms in Figures show that CH-MCC 

[H2SO4 , HCl, HNO3] and Avicel PH101 follow 

similar degradation patterns. The numerical data 

from the TGA [Table 4, Fig 5] and of DSC [Table 

3, Fig 4] also reveal that the CH-MCC [H2SO4, 

HCl, and HNO3] and Avicel PH101 have similar 

thermal properties. 

 

 
Fig 4: DSC thermograms. Black indicates Avicel PH101; green, CH-MCC [HNO3]; blue, CH-MCC 

[H2SO4] and red, CH-MCC [HCl]. 

 

Table 3: Derived transition temperatures from DSC thermo grams of MCC 

Parameter 

[
o

C] 

CH-

MCC[H
2
SO

4
] CH-MCC[HCl] CH-MCC[HNO

3
] Avicel PH101 

Onset  250 252 250 300 

Midpoint 325 330 325 325 

Inflection 

Point 
350 360 350 350 

 

 
 

Fig 5: TGA thermograms. Black indicates Avicel PH101; green, CH-MCC [HNO3]; blue, CH-MCC 

[H2SO4] and red, CH-MCC [HCl] 
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Table 4: Thermal properties obtained from TGA experiments for MCC 

 

Parameter  CH-MCC [H
2
SO

4
]  CH-MCC [HCl]  CH-MCC [HNO

3
]  Avicel PH101 

T 
5% 

onset [
o

C]
a 

 300  238.57  252.29  244.07  

T 
50% 

[
o

C]
b

  328  328.93  339.25  330.75  

W 
500

 [%]
c 

 6.36  17.214  18.436  19.113  

a

 onset temperature for 5% decomposition; 
b

 temperature at 50% weight loss; 
c

 residual char weight at 500 
0

C 

 

The temperature, for which 5% of the mass of the 

sample is decomposed, Ton 5%, and the temperature 

at 50% weight loss, T50%, is high and similar for 

all CH-MCC [H2SO4, HCl, HNO3] and Avicel 

PH101. The char yield [non-volatile carbonaceous 

material generated on pyrolysis, which is indicated 

by the residual weight after the decomposition step] 

specified in Table 4 for the temperature 500°C, is 

higher for CH-MCC [HNO3] as compared to CH-

MCC [H2SO4] and CH-MCC [HCl]. Among the 

CH-MCC samples, CH-MCC [HNO3] had higher 

residual char value at 500°C indicating higher 

nonvolatile carbonaceous material generated on 

pyrolysis [58]. 

The onset temperatures of the decomposition as 

well as the midpoint and inflection point 

temperature data for all CH-MCC [H2SO4 , HCl, 

HNO3]  and Avicel PH101 are similar and are 

presented in Table 3. The higher onset 

temperatures are associated with higher thermal 

stability. This behavior could be attributed to the 

high degree of crystallinity of the MCC. Cellulosic 

materials degrade at low to moderate temperatures 

[59].  It is observed that hydrolysis of cellulose not 

only dissolves the amorphous regions, but also 

some crystalline regions. The high char residue of 

CH-MCC is probably due to the presence of a 

higher amount of crystalline cellulose I which is 

intrinsically flame resistant [60]. 

It was concluded that the CH-MCC samples 

produced from corn husk has good thermal 

stability. 

 

Micromeritic Properties 

 

Table 5: Micromeritic properties of the CH-MCC samples 

 

Parameters  
CH-MCC 

[H2SO4] 

CH-MCC 

[HCl] 

CH-MCC 

[HNO3] 
Avicel PH 101 

Bulk density [g/ml]  0.36 0.40 0.38 0.38 

Tapped density [g/ml]  0.45 0.48 0.47 0.45 

Carr’s index [%]  

 

20 16.66 19.4 15.55 

Fair Fair Fair Good 

Hausner index  

 

1.25 1.2 1.23 1.18 

Fair Fair Fair Good 

Angle of repose 

 

36.5 34.56 35.51 33.66 

Fair Good Fair Good 

Swelling capacity [%]  18 15 25 17.18 

Moisture Content [%]  4.2 4.10 4.33 4.00 

Particle Size [µm]  55 51 53 50 

Yield [%]  39.3 42.33 40.13 
 

Molecular Weight  37120 35530 35781 36000 

Degree of 

Polymerization  
229.13 219.32 220.8 222.22 

Crystallinity Index 

[%]  
73 78 79 83 

 

 

 

 

 



IAJPS 2017, 4 (08), 2399-2408           Roshni Vora and Yamini Shah         ISSN 2349-7750 
 

 
w w w . i a j p s . c o m  

 

Page 2406 

The yield of CH-MCC [H2SO4 , HCl, HNO3] are as 

shown in table 5, this is relatively high enough to 

stimulate large scale industrial processing of 

microcrystalline cellulose from corn husk as an 

agricultural waste. 

The results of particle size analysis of the different 

CH-MCC samples are summarized in Table 5, the 

mean particle size of all prepared samples are 

comparable with Avicel PH101. The acid- alkali 

treatment affects the particle size in case of CH-

MCC [H2SO4, HCl, and HNO3]. 

There is no significant differences among the bulk 

and tap densities of CH-MCC [H2SO4 , HCl, HNO3 

] as reported in Table 5. Bulk density gives an 

estimate of the ability of a material to flow from a 

hopper into the die cavity of a rotary tablet 

compression machine, while tap density is a 

measure of how well a powder can be packed in a 

confined space on repeated tapping. In general, the 

higher the bulk and tapped densities, the better the 

potential for a material to flow and to re-arrange 

under compression. This suggests that all CH-MCC 

[H2SO4, HCl, and HNO3] samples have good flow 

properties as comparable with Avicel PH101 [61]. 

The Carr's compressibility and Hausner indices 

were estimated as the ratios of the difference 

between tapped and bulk densities. The Carr's 

compressibility index gives an idea of how much a 

powder can be compressed, while Hausner index 

measures/estimates cohesion between particles; the 

values for both varies inversely with particle flow 

[62,63]. In this study, the compressibility for all the 

CH-MCC [H2SO4 , HCl, HNO3 ] samples are 

approximately in the range 15 to 20 [fair-good 

flowability]. On the other hand, the Hausner ratio 

for the microcrystalline cellulose samples lie 

around the threshold of 1.25 [≈fair flow-ability].  

The angle of repose of a powder gives a qualitative 

assessment of its internal and cohesive frictions. 

Angles of up to 35° indicate good flow potential of 

the solid powders, whereas those samples with 

angles greater than 35° exhibit fair flow [64]. Here, 

CH-MCC [H2SO4, HNO3] shows fair flow potential 

while that of CH-MCC [HCl ] showed good result 

as Avicel PH101.  

The moisture content measured for all CH-MCC 

[H2SO4, HCl, and HNO3] fall within the acceptable 

limits of between 5% and 7%, [65]. Furthermore, 

powder flowability is known to decrease with 

increasing moisture content [66, 67]. 

 

Swelling capacity is generally accepted as an 

indication of tablet disintegration ability. The 

swelling capacity value was in the range of 15.62% 

to 25% [Table 5] indicates that CH-MCC is 

capable of absorbing water. It seems therefore, that 

only a small portion of absorbed water actually 

penetrated the individual cellulose particles causing 

them to swell [68].  

 

The similarity in Physicochemical properties 

exhibited by both the prepared CH-MCC [H2SO4 , 

HCl, HNO3 ] and the commercial Avicel PH101 

proved that the prepared MCC in our laboratory 

can be a good indigenous substitute for oral solid  

pharmaceutical dosage forms. 

 

CONCLUSION: 

The results indicated that the production of 

pharmaceutical grade cellulose from Corn husk 

waste was technically feasible using acid, alkali 

and bleaching treatment. SEM shows 

individualized and uniform fibers with crystalline 

and sharper edges. The results obtained from FT-IR 

analysis confirmed that chemical structure of the 

cellulosic fragments is not influenced by the acid 

hydrolysis. The XRD and TGA analysis of CH-

MCC [HCl] shows comparatively good 

crystallinity index and thermal stability than CH-

MCC [H2SO4, HNO3]. CH-MCC [HCl] gave a 

reasonable yield, along with good flow properties 

indicating that the flowability of CH-MCC [ HCl] 

is adequate for it to be used as an excipient in tablet 

formulation. It was shown that the prepared CH-

MCC [HCl], compared very well with Avicel PH 

101, as well as conformed to the official 

specifications for MCC as per the IP [2007] and BP 

[2004]. Hence, CH-MCC [HCl] is a potential 

pharmaceutical excipient indigenous substitute for 

Indian manufacturers. Since farmers generate 

abundant corn husks as a waste material, it would 

ultimately be a cheaper source than the imported 

varieties. 
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Abstract: We have extracted cellulose from corn huskusing an 

eco-friendly multistep procedure involving acid-alkaline 

treatment andbleaching. This multistep procedure essentially 

removed lignin and hemicelluloses. The extracted cellulose is 

highly crystalline as verified by X-ray diffraction, Fourier 

transform infrared spectroscopy. The aim of this work was to 

prepare and evaluate micro crystalline cellulose as a potential 

excipient in the production of pharmaceutical dosage forms 

due to itslow cost as it is derived byrecycling wastes. 

 

I. INTRODUCTION 

nnually renewable agricultural wastes represent an 

abundant, inexpensive and readily available source of 

renewable lignocellulosic biomass. Each year, farming and 

agricultural processing generate millions of tones of wastes, 

such as corn cobs and husks, groundnut shells, rice straw, 

sugarcane bagasse, banana stems, soy hulls and sugar beet 

pulp. Agricultural wastes could be put into viable use 

through various recycling methods as a source of energy, 

sources of major compounds like cellulose, gums, polymers 

etc and also as a major source of livestock feeds. Cellulose, 

one of the major component of lignocellulosic biomass, is a 

polydisperse polymer of high molecular weight and 

comprising of long chains of D-glucose units joined 

together by β-1, 4-glucosidic bonds.[1] 

 

Fig 1 Structure of Cellulose 

Cellulose is the backbone of structure of plants and it is the 

chief constituent of plant cell wall. It is the most widely 

used organic material in the world.[2] 

In spite of its poor solubility characteristics, cellulose enjoys 

extensive use in the pharmaceutical industry as diluents, 

lubricants, disintegrants, binders and coatings in the 

manufacture of tablets and capsule.[3,4]
 

Among other uses, cellulose is widely employed as a raw 

material to prepare a number of excipients. Micro-

crystalline cellulose is defined as „purified, partially 

depolymerized cellulose‟ prepared by treating alpha 

cellulose obtained as a pulp from fibrous plant material with 

mineral acids. Commercially available microcrystalline 

cellulose is derived from highly costly hard wood and also 

from purified cotton. The chemical composition and 

physical structure of microcrystalline cellulose depend 

significantly on the characteristics of the raw material 

employed and the manufacturing conditions.[5,6]
 

 

As part of the on-going efforts to develop low-cost 

indigenous raw materials from lignocellulosic materials 

with desired physicochemical properties for the industrial 

applications, we have reported some physical properties of 

microcrystalline cellulose prepared from corn husk and also 

evaluate their structural and thermal properties with a view 

ofascertaining its potential as a pharmaceutical excipient. 

These properties were also compared with a commercial 

brand Avicel PH 101 (FMC, U.S.A). 

 

II. MATERIALS AND METHOD 

MATERIALS 

 Corn husk an agricultural waste obtained from 

local farmer 

 Avicel PH 101 - a commercial brand of 

microcrystalline cellulose obtained from FMC- 

U.S.A 

 Sodium hydroxide (reagent grade, 98%), 

 Sulphuric acid (ACS reagent, 98%) 

 Distilled water  

 

A 
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METHOD 

 

PREPARATION OF MAIZE HUSK POWDER: 

A 2.0 kg weight of corn husk was weighed, sliced with a 

hand knife and dried in hot air oven (Ambassador- 

Laboratory electric oven) at 60 
o
C for 9 hours. The sun dried 

husk was pulverized in domestic blender to produce 

powdered corn husk. 

 

EXTRACTION OF CELLULOSE FROM CORN HUSK: 

The corn husk was sun dried forseven days.(average 

temperature was 33˚C, the relative humidity was(67 %) The 

sun dried husk was then size reduced using a mill. A 200g 

of the powdered corn husk was treated with 100 ml of a 1 N 

of sodium hydroxide to delignify the plant material for 

thirty minutes. The resulting slurry was filtered using cotton 

cloth and the residue on the cotton cloth was further treated 

with 500 ml of 1 N Sulphuric acid to digest the powdered 

materials at 80°C for 1 h. The resulting slurry was filtered 

and the residue was thoroughly washed with distilled water, 

further treated with 3.2%w/v of sodium hypochlorite for 20 

min at 80 °C to bleach it. This was further washed with 

distilled water until the residue was neutral to litmus paper. 

The cellulose material was filtered using cotton cloth and 

the water was manually squeezed out to obtain small lumps, 

which were dried at 60°C for 6 hr. The yield of cellulose 

was calculated. 

 

III. PHYSICOCHEMICAL CHARACTERIZATION OF 

CELLULOSE 

 

INFRARED SPECTROSCOPY [7]
 

Fourier transform infrared (FT-IR) spectra were recorded 

using KBr discs on a Perkin-Elmer FT-IR spectrometer. 

KBr pellets containing 1% of the samples were prepared. 

The scanned range was 4,000 to 400 cm
−1 

 

POWDER X-RAY DIFFRACTION [8]
 

X-ray diffraction patterns of the cellulose samples were 

obtained using an X-ray diffractometer (Philips Xpert 

MPD). Samples for analysis were prepared by pressing the 

powder into the cavity of a sample holder and smoothen 

with a glass slide. The crystallinity index (CI) was 

calculated using Equation 1. 

CI= (I002 – Iam) / I002 *100           ……1 

Where 1002 is the maximum intensity of the principal 

peak (002) lattice diffraction, and 1am is the intensity of 

diffraction attributed to amorphous cellulose. 

 

THERMAL ANALYSIS[9] 

The thermal properties of the cellulose samples were 

investigated by DSC on a simultaneous thermal analyzer 

(Perkin Elmer Pyris1 DSC). Samples weighing between 6 

and 10 mg were used. Each sample was heated from room 

temperature from 45 to 400°C at a rate of 10°C/min under 

nitrogen. 

 

VISCOSITY[10]
 

Viscosity is a measure of the resistance of a fluid to 

deformation under shear stress. It describes a fluid‟s internal 

resistance to flow and is a measure of fluid friction 

 η1= {(P1 / P2)*(t1/t2)} * η2 

 

MOLECULAR WEIGHT AND DEGREE OF 

POLYMERIZATION[10] 

Molecular weight = n/k 

     Where k = 2.5*10
-5 

 

Degree of polymerization= Molecular weight of mean 

molecule/molecular weight of monomer 

Where molecular weight of monomer= 162 

 

ASH CONTENT[11]
 

2 gram of sample was taken and was burnt in silica crucible 

on burner and was ignited at 450 
0 

C to constant 

temperature. 

 
IV. CHARACTERIZATION OF MICRO CRYSTALLINE 

CELLULOSE AS PHARMACEUTICAL EXCIPIENT 

 

BULK AND TAPPED DENSITY[12]
 

For the determination of the bulk and tapped densities, 2.5 g 

of the cellulose powder was accurately weighed and poured 

into a 100-mL graduated cylinder. The cylinder was 

stoppered and the bulk volume (vb) was recorded. For 

tapped density, the cylinder was tapped from a height of 2.5 

cm on a hard surface to a constant volume. The final volume 

(vt) was noted to be the tapped volume. The bulk density, 

Dbulk, and tapped density, Dtap, were determined using 

Equations 2 and 3 

Dbulk= w/vb                 ……2 

      Dtap= w/vt                    …….3 

 

POWDER POROSITY[13]
 

The porosity (Pb) of MCC powders was evaluated using 

following Equation 4 

Pb= {(Vb –VP ) / Vb}* 100                 …….4 

Where Vbis bulk volume  

                           VP is porous volume 

 

ANGLE OF REPOSE[12]
 

The measurement of the angle of repose was carried out 

using a long cylindrical tube open at both ends as shown in 

[12]. The tube was perpendicularly placed on a clean 

cardboard paper and filled flat with the cellulose powder. 

The tube was then gradually lifted away, vertically, from the 

cardboard. The height, h, and radius, r, of the conical heap 

formed were measured and then the angle of repose, θ, was 

calculated from Equation 5 

          ϴ = tan
-1 

(h /r)        ……..5 

 

CARR’S INDEX AND HAUSNERS RATIO[13,14]
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Carr‟s index and Hausners ratiofor cellulose were calculated 

from bulk and tapped densities using Equations 6 and  7 

Carr‟s index={(Dtap–Dbulk)/Dtap}*100 …..6 

Hausners ratio=Dtap/Dbulk                                .….7 

  

MOISTURE CONTENT[15] 

The moisture content (MC) of the cellulose powders was 

found out as shown in[15]. 

MC={(Wet Wt.–Dry Wt.)/Wet Wt}* 100    ….8 

 

ELEMENTAL ANALYSIS[16] 

The analytical method is based on the complete and 

instantaneous oxidation of the sample by “flash 

combustion”, which converts all organic and inorganic 

substances into combustion products. The resulting 

combustion gases pass through a reduction furnace and are 

swept into the chromatographic column by the carrier gas 

(helium), where they are separated and detected by a 

thermal conductivity detector (TCD), which gives an output 

signal proportional to the concentration of the individual 

components of the mixture.  

 

TEST FOR HEAVY METALS[17] 

Amount of inorganic impurities during unit operation, are 

mostly ionic matters which are water soluble cations & 

anions. Cations are iron (Fe2+/Fe3+), arsenic (As3+/As5+), 

lead (Pb2+) and anions are chloride (Cl-), sulfate (SO42-). 

All heavy metal impurities are cumulative poison which has 

affinity to bind with lipid layer to produce health hazards. 

The test is generally performed by turbidity comparison test 

between test sample and standard sample. If the intensity of 

turbidity of test sample is equal to or less than standard 

sample then the sample passes the limit test, if the intensity 

of turbidity of test sample is greater than standard sample 

then the sample fails to pass the limit test. 

 

PARTICLE SIZE ANALYSIS[18] 

Particle size influences many properties of particulate 

materials and is a valuable indicator of quality and 

performance in tableting. The size and shape of powders 

influences flow and compaction properties. The most 

obvious example is milling (or size reduction by another 

technology) where the goal of the operation is to reduce 

particle size to a desired specification. In the pharmaceutical 

industry the size of active ingredients influences critical 

characteristics including content uniformity, dissolution and 

absorption rates.  

 

V. RESULTS AND DISCUSSION 

 

FT-IR SPECTROSCOPY

 
                          Fig 2 FT-IR spectra of  a) MCC-C, b) MCC-A 

 

FT-IR spectroscopy has the ability to predict structural 

differences not seen by other physicochemical analyses.The 

polymers are having both crystalline and amorphous nature, 

their proportionality is important for processibility, optical, 

mechanical and chemical properties. In spite of minor 

differences among them, the FT-IR spectra of the MCC 

samples (Figure 2 ) show the general characteristic spectrum 

of cellulose. For example, absorption bands are clearly 

observed at 896 cm−1 (corresponding to β-glycosidic 

linkages), 1,072 cm−1 (ring vibration and C-OH bending), 

2,893 and 2,898 cm−1 (C-H asymmetric and symmetric 

tensile vibration) and the broad peak at 3,100 to 3,400 cm−1 

(OH stretching, hydrogen bonds). the peaks at 1429, 1365, 

and 1321 are associated with intermolecular hydrogen 

bonds at the C group and the O―H in plane bending 

vibration, respectively.[19] The other characteristics IR 

peaks of cellulose are at and 1269 cm-1 (C-O-C aryl-alkyl), 

1029 cm-1  is C-O stretching [20]. 

X-RAY DIFFRACTION SPECTRA 

 

                                 Fig 3 XRD of MCC-C 

 

                                     Fig 4 XRD of MCC-A 
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Table 1 XRD peak Height 

 

The crystallinity of the cellulose samples was observed by 

X-ray diffraction. The powder X-ray diffraction spectra of 

all four cellulose samples are shown in Figure 3 and 4. The 

diffractograms of the microcrystalline cellulose samples 

exhibit diffraction pattern typical of cellulose I, with 

diffraction peaks of the 2θ angles at 15.93°,  and 14.32°, 

which can be assigned to the 101 [21]. The method of Segal 

[7] is still the most widely used to calculate the crystallinity 

index of cellulose and is being cited in several works [22-

24]. It is a simple method that does not need background 

subtraction and it uses the peak heights. Through Segal‟s 

method, the crystallinity index is calculated by the equation 

1(Physico chemical characterization)  

 I002 is the 002 peak, the highest peak, which represents 

both crystalline and amorphous material. The lowest height 

between 002 peak and 101 peak is Iam and represents only 

the amorphous part. Figure 4 and 5 shows the X-ray 

diffraction pattern of MCC-C and MCC-A as well as the 

values of the crystallinity index (calculated by using Eq. 1). 

The value of the crystallinity index of our MCC-C is 81.83 

which is very close to that found for commercial MCC-A is 

86.55 % and are as similar to those reported in other studies 

for MCC [25-28,].  High crystallinity indicates an ordered 

compact molecular structure, which translates to dense 

particles, whereas lower crystallinity implies a more 

disordered structure, resulting in a more amorphous powder. 

These results mean that the overall multistep procedure 

employed is adequate to obtain highly crystalline cellulose. 

 

THERMAL PROPERTIES 

 
Fig 5 DSC thermograms of the MCC- C 

 

 
 

Fig 6 DSC thermograms of the MCC-A 

 

 

DSC thermograms of MCC-C and MCC-A are shown in 

Figure 6 and 7. It was found that MCC-C has higher glass 

transition temperature (Tg) (350.69°C) as compared to 

MCC-A (321.92°C). The onset temperatures of the 

decomposition as well as the midpoint and inflection point 

temperature data for all the microcrystalline cellulose 

samples are similar and are presented in Table 2.This can 

probably be due to the more intense interpolymer chains 

interaction occurring in MCC-C. Theoretically, the presence 

of extensive hydrogen bonding between cellulose hydroxyl 

group creates stronger interaction between polymer and it 

should enhance the thermal stability.[29] The higher onset 

temperatures are associated with higher thermal stability. 

This behavior could be attributed to the high degree of 

crystallinity of the microcrystalline celluloses. A more 

notable difference among the microcrystalline cellulose 

samples is observed at inflection slope temperatures. [9]. 

 

Temp ( 0C) MCC- C MCC-A 

Onset 350.69 321.92 

Peak 357.24 335.55 

End 383.38 345.24 

 
Table 2 DSC Temperature of MCC-C, MCC-A 

 

PHYSICO CHEMICAL PROPERTY 

        

MCC-C MCC- A 

No. Pos. [°2Th.] 
Height 

[cps] 
Pos. [°2Th.] 

Height 

[cps] 

1 15.9351 11.58 14.3276 13.53 

2 21.928 83.29 22.5016 301.82 

3 26.5545 11.96 34.5463 77.48 

4 29.3105 28.02 41.6146 16.94 

5 30.7423 71.68 50.6362 17.68 

6 34.336 35.23 72.0578 101.8 

7 38.9738 19.8   

8 40.9002 15.66   

9 42.0656 18.98   

10 47.3471 7.39   

11 50.52 61.78   

12 72.0891 222.42   

CI 81.83 86.55 

   Property Microcrystalline cellulose powder  

 MCC-A MCC-C 

Bulk density (g cm−3) 0.40 0.36 

Tap density (g cm−3) 0.45 0.42 

Carr‟s index 11.11 14.28 

Hausners ratio 1.12 1.16 

Powder porosity 11.29 14.49 

Angle of repose (°) 31.76 33.42 

Moisture content (%) 3.06 4.2 

Viscosity 1.07 1.25 

Molecular Weight 37120 42400 

Degree of Polymerization 229.13 261.72 

Ash content 0.03% 0.02% 
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Table3 Physicochemical property of the cellulose samples 

 

Bulk density gives an estimate of the ability of a material to 

flow from a hopper into the die cavity of a rotary tablet 

compression machine, while tap density is a measure of how 

well a powder can be packed in a confined space on 

repeated tapping. In general, the higher the bulk and tapped 

densities, the better the potential for a material to flow and 

to re-arrange under compression. This suggests that all 

microcrystalline cellulose samples might have good flow 

properties[13]. 

 

The Carr's compressibility index gives an idea of how much 

a powder can be compressed, while Hausner index 

measures/estimates cohesion between particles; the values 

for both varies inversely with particle flow[11]. 

 

The angle of repose of a powder gives a qualitative 

assessment of its internal and cohesive frictions. In our case, 

no significant differences were observed among the angles 

of repose of the microcrystalline celluloses. The angle of 

repose of the microcrystalline cellulose samples lie around 

35° (good flow)[30]. 

 

The moisture contents measured for all celluloses in this 

work fall within the acceptable limits of between 5% and 

7%[15]. Furthermore, powder flowability is known to 

decrease with increasing moisture content[13]. Overall, the 

good flow properties for the microcrystalline cellulose are 

likely to be the result of variations in the particle shape, size 

and surface area of the powders[14]  directly related to the 

process of partial hydrolysis of the original cellulose in an 

acid. The total porosity of a porous powder is made up of 

voids between the particles as well as pores within the 

particles. The results obtained for all the celluloses are 

similar and indicating poly sized particles and easily 

compressible powder during tableting. 

 

ELEMENTAL ANALYSIS 

 

Elements MCC- C MCC-A 

Carbon 42.36% 42.38% 

Hydrogen 6.59% 6.47% 

Nitrogen Not Detected Not Detected 

 

Table 4 Elements in MCC-C,MCC-A 

 

Evident from above table, elemental analysis of MCC-C and 

MCC-A indicate presence of Carbon and Hydrogen while 

Nitrogen is absent. 

 

TEST FOR HEAVY METALS 

For Cl
-
, SO4

2-
, Pb

+3
 and As

+3
 turbidity of the sample is less 

than standard solution, implying all samples would pass the 

limit test of all heavy metals.[17] 

 

PARTICLE SIZE ANALYSIS 

Larger, more spherical particles will typically flow more 

easily than smaller or high aspect ratio particles. Smaller 

particles dissolve more quickly and lead to higher 

suspension viscosities than larger ones. Smaller droplet 

sizes and higher surface charge (zeta potential) will 

typically improve suspension and emulsion stability. 

 

 
Fig 7 Particle size analysis of MCC-A 

 

 
Fig 8 particle size analysis of MCC-C 

 

The particle size analysis is shown in table 5 and figure 7 

and 8 

 

Diameter MCC-C MCC-A 

d10 30.69 μm  28.91 μm 

d50 91.58 μm  83.93 μm 

d90  228.8 μm  209.0 μm 

 

Table 5 diameter of of MCC-C and MCC-A 

 

VI. CONCLUSIONS 

 

The microcrystalline cellulose powders obtained from the 

corn husk (MCC-C) compared favorably with the Avicel PH 

101 (MCC-A),The results indicated that the production of 

Pharmaceutical grade cellulose from corn husk waste is 

technically feasible.The MCC-C, obtained from corn husk 

possesses the desired physico-technical and tableting 

properties such asdiluents, binder, disintegrating 

agent.Indian farmers generate corn husk substantially in the 

form of waste, MCC can be produced from it indigenously 

on a large scale with economic consideration in our country. 
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