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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 approach, that is,  

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 (using 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 and AH, AH stands out as an obvious choice for large scale 

production of NC as it is eco-friendly, 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 
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research towards leveraging NC obtained from agricultural waste in varieties of dosage forms in 

pharmaceutical industry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

XIV  

Acknowledgement 

Every achievement is a result of committed activities that too when headed and guided by worthy 

and knowledgeable persons. Clear paths or hazy roads I always remember the support I got from 

the people whose names I feel privileged to mention here. It is with a sense of pride and pleasure 

that, I humbly look back to acknowledge, those who have been a source of encouragement in my 

entire endeavor. 

A successful outcome in any research endeavor attributes itself to the selfless guidance of the 

mentor. With a feeling of profound pleasure I can say that the credit of this work goes to my mentor 

and esteemed guide, Dr. Yamini D Shah., HOD & Professor in Pharmaceutics and 

Pharmaceutical Technology, L.M. College of Pharmacy, Ahmedabad. Had it not been for her 

unconditional support, erudite guidance, constant encouragement, critical remarks, precise 

discussions and timely suggestions this work would not have been possible. From her I have 

learned how to be self-reliant and courageous while traveling any unknown path that I may 

encounter in future.  

I feel humbled to be blessed with Late Dr. Mukesh C. Gohel sir, Professor in Anand Pharmacy 

College, Anand and Dr. Pragna K Shelat, Professor in K.B.Instute of Pharmaceutical and 

Education Research, Gandhinagar as DPC (Doctoral Progress Committee) members for their 

critical review and constructive guidance throughout my doctoral research. It is difficult to come 

to terms that Dr. Mukesh C. Gohel, will not be around as I conclude my research. His 

unconditional professional as well as personal support has played critical role in my journey. 

My sincere gratitude to my co-guide, Dr. Tushar Vyas, for showing his willingness to act as my 

international co-guide and providing his valuable insights, prompt and helpful guidance. 

I wish to express my heartiest thanks to Dr. M.T.Chhabria, Principal of L.M.College of 

Pharmacy Ahmedabad for providing the infrastructural and other direct/indirect support for the 

successful completion of research work. 

I owe a special word of thanks to my teachers, Dr. Dushyant Shah, Dr. Hiral Koradia, Dr. Tushar 

Patel, Dr. Nayan Ratnakar, Dr. Radhika Pandya, Dr. P.D.Bharadia, Dr. Sunita Goswami and 

Dr. Mamta Shah for their precious gift of knowledge. 

I am also thankful to Mr. Alpesh Mashruvala, Vice President, Trident Equipments PVT.LTD. 

Mumbai for providing me the technical support to use their facilities and equipment to carry out 

this project. 

I am immensely thankful to Cadila Pharmaceuticals Ltd. Ahmedabad, India, for providing the 



 

XV  

gift sample of drug, Signet Pharma, and J H Nanhang Life Sciences Co. Ltd. for providing the 

gift sample of excipients required for the study. 

I would also like to put in record my thanks to Dr. Rajubhai Shah, Store and purchase in-charge, 

Mrs. Ami Patel, Dexter bhai, Chirag bhai and to all office and laboratory staff of the L.M.College 

of Pharmacy for their co-operative assistance and support. 

I acknowledge Gujarat Technological University for giving me the opportunity to proceed with 

the research work and complete the doctoral research work. I would also like to put in record my 

thanks to Staff Members of Ph.D section for their co-operative assistance and support. 

It would be remiss on my part if I do not acknowledge the help and support of Dolly Gupta and 

Palmi Modi my friends and colleagues for their wonderful company, motivation, constant 

encouragement and technical assistance throughout the research work. 

I would like to bid special thanks appreciation to Dr. Tejal Mehta, Professor and HOD, Faculty 

of Pharmacy, Nirma University for their kind co-operation and assistance during the journey to 

this stage. 

Finally, this thesis would be incomplete without the blessings, confidence and support from my 

late grandfather M. K. Mehta, parents as well as in-laws. Also I would like to thank Jilpa, Kaushik 

and Shreyansh for their love and affection. Dhyaan, my 4 months old son, for making a mother 

out of me. Last but not the least, my better half, Siddharth Vora, for sharing this common dream 

and standing beside me like a rock as I completed the journey of Doctoral Research. 

I express my sincere thanks and apology to all those who have contributed to the success of this 

work and helped me in whatsoever manner during this work and whose name I might have missed 

inadvertently or those who are like countless stars in numerous galaxies. 

 

Thanks to one & all… 

Date :    January, 2019 

Place : Ahmedabad        Roshni Vora  

   

 

 



 

XVI  

TABLE OF CONTENTS 

 
Sr No Title Page no 

Chapter 1: Introduction 1-4 

1.1 Aim and objective of the research work 2 

1.2 Scope of the research work 3 

1.3 Original contribution of the research work 3 

1.4 Hypothesis 3 

1.5 Proposed plan of work 3 

1.6 Outline of thesis 4 

Chapter 2: Literature Review 5-31 

2.1 Structure and chemistry of cellulose 5 

2.2 Microcrystalline cellulose as pharmaceutical excipient 6 

2.3 Nanocellulose as pharmaceutical excipient 9 

2.4 Extraction process of nanocellulose 10 

2.4.1 Acid hydrolysis 10 

2.4.2 Mechanical treatment 10 

2.4.3 Oxidation method 11 

2.4.4 Enzymatic hydrolysis 12 

2.4.5 Ionic liquid treatment 13 

2.4.6 Subcritical water hydrolysis 13 

2.4.7 Combined processes 14 

2.5 Properties of nano cellulose 21 

2.5.1 Biodegradability 21 

2.5.2 Mechanical properties 21 

2.5.3 Thermal resistance 21 

2.5.4 Morphology 21 

2.5.5 Degree of polymerization and tensile strength 22 

2.5.6 Rheological properties 22 

2.5.7 Crystallinity 23 

2.6 Applications of nanocellulose 23 

2.6.1 As pharmaceutical excipient 23 



 

XVII  

2.6.2 Construction – cement; pre-stressed and pre-cast concrete 24 

2.6.3 Packaging – filler 24 

2.6.4 Packaging – film 25 

2.6.5 Paper – filler 25 

2.6.6 Personal care - hygiene and absorbent products 25 

2.6.7 Paint 25 

2.6.8 Sensors – medical, environmental, and industrial 25 

2.7 Market study of nanocellulose 26 

2.8 Selection of model drug 27 

2.9 Solid oral dosage form 29 

2.9.1 Tablet formulation using direct compression (DC) technique 29 

2.9.2 Pellet formulation using extrusion spheronization technique 30 

2.9.3 Liquisolid technique 31 

Chapter 3:Materials and Methods 32-47 

3.1 List of materials used for the study 32 

3.2 List of instruments used for the study 33 

3.3 Production of MCC from corn husk 34 

3.4 Evaluation of extracted MCC as a pharmaceutical excipient 35 

3.4.1 Palatability properties 35 

3.4.2 Fourier transform infrared spectroscopy (FTIR) 35 

3.4.3 Thermal properties 35 

3.4.4 X-ray diffraction (XRD) 36 

3.4.5 Scanning electron microscopy (SEM) 36 

3.4.6 Physicochemical characterization 36 

3.4.6.1 Carr’s index (CI) 36 

3.4.6.2 Hausner’s ratio (HR) 36 

3.4.6.3 Angle of repose  37 

3.4.6.4 Moisture Content 37 

3.4.6.5 Particle size analysis 38 

3.4.6.6  Yield 38 

3.5 Optimization of variables using design of experiment for production of NC 38 

3.6 Evaluation of extracted NC as a pharmaceutical excipient 39 

3.6.1 Palatability properties 39 



 

XVIII  

3.6.2 Fourier transform infrared spectroscopy (FTIR) 39 

3.6.3 Thermal properties 39 

3.6.4 X-ray diffraction (XRD) 39 

3.6.5 Particle size 39 

3.6.6 Transmission electron microscopy (TEM) 40 

3.6.7 Yield 40 

3.6.8 Physicochemical characterization 40 

3.6.8.1 Carr’s index (CI) 40 

3.6.8.2 Hausner’s ratio (HR) 40 

3.6.8.3 Angle of repose 40 

3.6.8.4 Moisture Content 40 

3.7 Formulation of glibenclamide (GLB) tablet 40 

3.8 Evaluation of glibenclamide tablets 41 

3.8.1 UV- Spectrophotometric estimation of GLB 41 

3.8.2 Fourier transform infrared spectroscopy (FTIR) 42 

3.8.3 Differential scanning calorimeter (DSC) 42 

3.8.4 Evaluation of  dependent variables in the I-optimal design 42 

3.8.4.1 Carr’s index 42 

3.8.4.2 Angle of repose 42 

3.8.4.3 Hardness 42 

3.8.4.4 Friability 42 

3.8.4.5 Disintegration Time 42 

3.8.4.6 In Vitro dissolution 43 

3.8.5 Weight variation 43 

3.8.6 Drug content 43 

3.8.7 Stability study 43 

3.9 Formulation of Glibenclamide (GLB) pellets 44 

3.1 Evaluation parameters of pellets 44 

3.10.1 Carr’s index 44 

3.10.2 Angle of repose 44 

3.10.3 Yield 45 

3.10.4 Particle size analysis and morphology study 45 

3.10.5 In Vitro drug release study 45 



 

XIX  

3.10.6 Stability study 45 

3.11 Formulation of glibenclamide (GLB) liquisolid compact 46 

3.12 Evaluation of liquisolid powder 46 

3.12.1 Carr’s index (CI) 46 

3.12.2 Hausner’s ratio (HR) 46 

3.12.3 Angle of repose 46 

3.12.4 Drug content 46 

3.12.5 In Vitro drug release study 47 

Chapter 4: Results and Discussions 48 -107 

4.1 Evaluation of extracted MCC as pharmaceutical excipient 48 

4.1.1 Palatability properties of microcrystalline cellulose 48 

4.1.2 Fourier transform infrared spectroscopy (FTIR) 49 

4.1.3 Thermal properties 50 

4.1.4 X-ray diffraction (XRD) 52 

4.1.5 Scanning electron microscopy (SEM) 53 

4.1.6 Physicochemical characterization 53 

4.2 Evaluation of extracted NC as pharmaceutical excipient 55 

4.2.1 
Identifying the Quality targeted product profile (QTPP) and Critical quality 

attributes (CQAs) 
55 

4.2.2 Risk assessment to identify variables affecting drug product quality 57 

4.2.3 Optimization of formulation using 32 factorial design 58 

4.2.4 Selection of model and ANOVA for AH and HPH 60 

4.2.5 Optimization data analysis and validation of optimization model 65 

4.2.6 Evaluation of optimized batch of NC as pharmaceutical excipient 67 

4.2.6.1 Palatability properties 67 

4.2.6.2 Fourier transform infrared spectroscopy (FTIR) 67 

4.2.6.3 Thermal properties 68 

4.2.6.4 X-ray diffraction (XRD) 70 

4.2.6.5 Particle Size 71 

4.2.6.6 Transmission electron microscopy (TEM) 71 

4.2.7 Updated risk assessment of optimized batch 72 

4.2.8 Powder flow  72 

4.2.9 Control strategy 73 



 

XX  

4.3 
Application of NC as an excipient in tablet dosage form using glibenclamide as 

model drug 
73 

4.3.1 Calibration curve of GLB in 7.4 pH phosphate buffer 74 

4.3.2 Fourier transformed infrared (FTIR) spectroscopy 75 

4.3.3 Differential scanning calorimetry (DSC) 77 

4.3.4 Design of Experiment 78 

4.3.4.1 CI (R1) 83 

4.3.4.2 AR (R2) 85 

4.3.4.3 Hardness of tablets (R3) 88 

4.3.4.4 Friability of tablets (R4) 90 

4.3.4.5 Disintegration time of tablets (R5) 93 

4.3.4.6 T90 of tablets (R6) 95 

4.3.5 Overlay plot for glibenclamide tablet 98 

4.3.6 Comparison of responses of AH-NC tablet and MCC PH200 tablet 100 

4.3.7 Stability Study 101 

4.4 Application of NC as an Excipient in Pellets Dosage Form 102 

4.4.1 Stability Study 105 

4.5 
Use of nanocellulose as an efficient carrier material in the preparation of 

liquisolid of glibenclamide for filling in the hard gelatin capsule 
105 

Chapter 5: Summary and Conclusion 108 - 111 

5.1 Summary of the work 108 

5.2 Achievements with respect to objectives 110 

5.3 Conclusion 111 

5.3 Recommendation for future research 111 

References 112 -131 

Appendices 132 

List of Publications/Patent 133 

 



 

XXI 

 

List of Abbreviations 

Abbreviations  Full form 

CH Corn husk 

MCC Micro crystalline cellulose 

AH Acid hydrolysis 

HPH High pressure homogenization 

NC Nano cellulose 

GLB Glibenclamide  

H2SO4 Sulfuric acid 

HCl Hydrochloric acid 

NaOH Sodium hydroxide  

HNO3 Nitric acid 

NaOCl Sodium hypochlorite 

Conc Concentrated 

Dil Dilute 

FTIR Fourier transform infrared spectroscopy 

TGA thermo gravimetric analysis   

DSC differential scanning calorimetry   

XRD X-Ray diffraction  

SEM Scanning electron microscopy 

TEM Transmission electron microscopy 

CI Carr’s index  

HR Hausner’s ratio 

AR  Angle of repose 

MC Moisture content 

T90 Time required for 90 percent drug release 

DT Disintegration time 

QTPP Quality targeted product profile   



 

XXII 

 

CQAs Critical quality attributes 

CPPs Critical process parameters 

REM Risk estimation matrix 

QbD Quality by design  

DOE Design of experiment 

ANOVA Analysis of variance  

PRESS Predicted residual sum of square 

SSR Sum of square residue 

SD Standard deviation 

APIs Active pharmaceutical ingredients 

BCS  Biopharmaceutical Classification System 

IUPAC  International Union of Pure and Applied Chemistry 

UV  Ultra-violet 

RH Relative humidity 

CDR Cumulative drug release 

FDA   Food and Drug Administration 

USFDA United States Food and Drug Administration   

ICH International Council for Harmonization 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

XXIII 

 

List of Symbols 

Symbol  Meaning 

% Percent 

N Normal 

oC Degree Celsius 

mV  Millivolts 

kV  Kilovolt 

μg Microgram 

mg Milligram 

gm Gram 

m; Milliliter 

µm Micrometer 

 nm  Nanometer 

MPa Mille Pascal 

kPa Kilo Pascal 

PSI Pounds per square inch 

Sec  Second 

mins Minutes 

hr Hour 

θ  Theta 

λmax  Maximum wavelength 

R  Linear correlation coefficient 

 

 

 

 

 

 

 

 

 

 



 

XXIV 

 

List of Figures 

Figure No Title of Figure Page No 

1.1 Global maize production in leading nations of world in the year 2016-

2017 

2 

2.1 Hierarchical structure of corn husk 6 

3.1 Schematic process flow chart for production of MCC 34 

3.2 Schematic process flow chart for production of NC 38 

4.1 FTIR spectrum of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3) 49 

4.2 TGA of Avicel PH101 and CH-MCC (H2SO4, HCl,HNO3) 50 

4.3 DSC of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3)   51 

4.4 XRD spectra of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3) 52 

4.5 SEM of (A) CH-MCC (H2SO4) (B) CH-MCC (HCl) (C) CH-MCC 

(HNO3) and (D) Avicel PH101 

53 

4.6 Ishikawa diagram for production of NC 57 

4.7 Influence of acid concentration and reaction time on A) particle size B) 

yield, Influence of number of passes and pressure on C) particle size D) 

yield 

65 

4.8 Overlay plot for (A) AH and (B) HPH 66 

4.9 FTIR spectrum of Avicel PH101, AH-NC and HPH-NC 67 

4.10 TGA of Avicel PH101, AH-NC and HPH-NC 68 

4.11 DSC of Avicel PH101, AH-NC and HPH-NC 69 

4.12 XRD spectra of Avicel PH101, AH-NC and HPH-NC 70 

4.13 Particle size of (A) AH-NC (B) HPH-NC 71 

4.14 TEM image of (A) AH-NC and (B) HPH-NC 71 

4.15 Scanning of glibenclamide in 7.4 pH phosphate buffer 74 

4.16 Calibration curve of glibenclamide in 7.4 pH phosphate buffer 75 

4.17 FTIR of (A) GLB and GLB + MCC PH200 and (B) GLB and GLB + 

AH-NC 

76 



 

XXV 

 

4.18 DSC of (A) GLB (B) GLB + AH-NC and (C) GLB + MCC PH200  78 

4.19 Contour plot for carr’s index (A) MCC PH200 (B) AH-NC 85 

4.20 Contour plot for an angle of repose (A) MCC PH200 (B) AH-NC  87 

4.21 Contour plot for hardness (A) MCC PH200 (B) AH-NC 90 

4.22 Contour plot for friability (A) MCC PH200 (B) AH-NC 92 

4.23 Contour plot for DT (A) MCC PH200 (B) AH-NC  95 

4.24 Contour plot for T90 (A) MCC PH200 (B) AH-NC 97 

4.25 Overlay plot of tablet using (A) MCC PH200 (B) AH-NC 99 

4.26 Comparison between MCC PH200 and AH-NC 100 

4.27 %CDR of AH-NC Pellets (F1-F15) Batches 104 

4.28 SEM of AH-NC pellets 104 

4.29  %CDR of F1- F3 batch 107 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

XXVI 

 

List of Tables 

Table 

No 

Title of Table Page 

No 

2.1 Different processing conditions used for the production of MCC 7 

2.2 Different processing conditions used for the production of NC 14 

2.3 Formulations derived using NC 23 

2.4 Worldwide production of NC and its production capacity 26 

2.5 Drug Profile –Glibenclamide 27 

3.1 List of materials used for the study 32 

3.2 List of instruments used for the study 33 

3.3 Criteria for carr's index and hausner's ratio 36 

3.4 Criteria for angle of repose 37 

3.5 Composition of glibenclamide tablet 41 

3.6 Composition of glibenclamide pellets 44 

4.1 Palatability properties of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3) 48 

4.2 Specific FTIR peak of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3) 49 

4.3 Thermal properties of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3) 50 

4.4 Transition temperature of Avicel PH101 and CH-MCC (H2SO4, HCl,HNO3)   51 

4.5 Physicochemical properties of Avicel PH101 and CH-MCC (H2SO4, 

HCl,HNO3)   

54 

4.6 QTPPs of the NC produced by the AH and HPH 55 

4.7 Critical quality attributes for the NC produced by the AH and HPH 56 

4.8 Overview of relative risk ranking system 57 

4.9 Initial risk assessment to identify variables affecting product quality 58 

4.10 Independent and dependent variables with their levels and constraints 59 

4.11 Design of experiments and results of observed responses 59 

4.12 Lack of fit analysis for model selection 60 

4.13 Analysis of variance for dependent variable 61 



 

XXVII 

 

4.14 Summary of regression analysis for dependent variable 62 

4.15 Polynomial equation of dependent variables for AH and HPH 62 

4.16 Results of check point batch of AH and HPH 65 

4.17 Palatability properties of Avicel PH101 and AH-NC, HPH-NC 67 

4.18 Thermal properties for Avicel PH101, AH-NC and HPH-NC 69 

4.19 Transition temperature of Avicel PH101, AH-NC and HPH-NC 70 

4.20 Updated risk assessment to identify variables to product  72 

4.21 Improvements in powder flow properties 72 

4.22 Acceptable values for each critical process parameters 73 

4.23 Calibration curve data of GLB in 7.4 pH phosphate buffer 75 

4.24 Layout and observed responses of glibenclamide tablet using MCC PH200 79 

4.25 Layout and observed responses of glibenclamide tablet using AH-NC 80 

4.26 Post compression evaluation of glibenclamide tablets 81 

4.27 Descriptive statistics for glibenclamide tablets 82 

4.28 ANOVA and Coefficients in coded form for carr’s index 83 

4.29 ANOVA and Coefficients in coded form for angle of repose 86 

4.30 ANOVA and Coefficients in coded form for hardness 88 

4.31 ANOVA and Coefficients in coded form for friability 91 

4.32 ANOVA and Coefficients in coded form for disintegration time 93 

4.33 ANOVA and Coefficients in coded form for T90 95 

4.34 Stability study data for glibenclamide tablet 101 

4.35 Layout and observed responses of glibenclamide pellets 103 

4.36 Stability study data for glibenclamide pellet 105 

4.37 Formulation of liquisolid systems of glibenclamide 106 

4.38 Evaluation of liquisolid system 106 

 

 

 

 

 



Chapter1                                                                                                                     Introduction 

 

1 
 

Chapter 1 

Introduction 

Organic wastes produced from crops, which are otherwise a challenge, can be an ideal substitute 

for alternative production of value added products benefitting both rural communities as well as 

environment. Utilizing renewable natural resources through value addition, can support 

transition from petroleum based distressed economy to bio-based rich eco-nomy. One of such 

organic waste is cellulose, generally obtained from wood and non-wood plants. However 

cellulose from non-wood plants is gaining more attraction as source as its lignin content is less, 

which in-turn makes the process of delignification, purification and fibrillation easier, less 

harmful and energy efficient. 

While cellulose can be produced from diverse materials that include wood, sesame husk, cotton, 

rice husk, oil palm, groundnut shells, potato peel, jute, spruce bark, mango seed, sugarcane 

bagasse, corn, bamboo, straws, soy hulls, olive stones, miscanthus giganteus, kapok,flax fibers, 

pineapple leaf and coir, banana, sisal, tomato peels, calotropis procera fibers, onion waste, citrus 

waste and coconut [1].  

Corn is of particular interest as it is the third most important food crop in India after rice and 

wheat. And corn husk derived from it is one of the most commonly found agro waste which 

poses problem of disposal. Hence, using it to develop any products would mean value addition 

leading to income generation [2]. 

Corn husk (CH), which contains 39-42 % cellulose, 20-32 % hemicellulose and 8-13 % lignin, 

is most often disposed by open burning. Hence developing suitable scientific & economic 

method of recycling corn husk will help aligning as well as catering the needs from perspective 

of green energy. Global production of maize in the year 2016-2017 is as shown in Fig. 1.1 of 

which India produces ~2%.  

In volume, production of corn in India has grown to 26 million metric tons in 2016-17 [3]. 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[4].  
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Known for its strong renewability, low density, biodegradability, low thermal expansion, 

biocompatibility, high surface areas, excellent property and high chemical reactivity [5-9] 

cellulose has attracted various researchers across the globe [10-14]. 

 

FIGURE 1.1: Global maize production in leading nations of world in the year 2016-2017 

However there is limited work reported around extraction and application of micro crystalline 

cellulose (MCC) and nano cellulose (NC) from agro-waste in pharmaceutical field. Hence, while 

there are multiple methods that can be employed for extraction of NC, current thesis focuses on 

extraction of NC from corn husk using acid hydrolysis (AH) and high pressure homogenizer 

(HPH), confirm the optimum between the two and compare physico-chemical properties of 

extracted NC with marketed MCC. Furthermore thesis also explores the application of NC as a 

novel versatile excipient for the formulation of pharmaceutical dosage forms such as tablet, 

pellet and liquisolid compact using glibenclamide (GLB) as a model drug. 

 

1.1 Aim and objective of the research work: 

Given the potential of cellulose and its impact on pharmaceutical dosage forms this study aims 

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. 
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1.2 Scope of the research work: 

 Design & develop cost effective and eco-friendly process to extract the novel excipient 

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

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

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

 

1.3 Original contribution of the research work: 

 Support agricultural industry as well as industrial waste management by enabling India its 

home grown production of NC aligned with “Make In India” initiative thus generating 

revenue, increased employment opportunities and decrease pollution in India. 

 Assist corporate decision-makers and industry-associations to leverage indigenous NC as a 

novel excipient in variety of pharmaceutical dosage form because of its firm performance. 

 

1.4 Hypothesis: 

The hypothesis of the current study is to 

 Prepare MCC from corn husk - an agricultural waste - using different acids, compare them 

with marketed formulation and confirm the most effective one.  

 Utilize the extracted MCC for the production of NC by developing simple, eco-friendly, 

cost effective, less time consuming and less labor intensive methods, compare their results 

and confirm the most effective method for the production of NC. 

 Utilize the extracted NC for the production of different solid oral dosage forms. 

 

1.5 Proposed plan of work: 

 Literature review 

 Use acid alkali method to extract and characterize microcrystalline cellulose procured from 

corn husk. Followed by extraction and characterization of nano-cellulose obtained from 

pretreated micro crystalline cellulose (from corn husk) by applying Quality by Design 

(QbD) and Design of Experiment (DoE) approach and comparison of optimized batch with 

marketed microcrystalline cellulose. 

 Explore the application of NC as an Excipient in tablet dosage form using I Optimal design 

by comparing it’s pre and post compression parameters with marketed MCC PH 200 



Chapter1                                                                                                                     Introduction 

 

4 
 

 Use of Nanocellulose in pellet dosage form using box behnken design 

 Use nanocellulose as an efficient carrier material in the preparation of liquisolid 

glibenclamide for filling in the hard gelatin capsule [15,16] 

 

1.6 Outline of thesis: 

The report on the present research work has been divided into five major chapters.  

 Chapter 1 Introduction: Brief background, aim, objectives, original contribution of the 

present work, hypothesis, and proposed plan of work. 

 Chapter 2 Literature review: Discusses on various aspects related with the work including 

the description about structure and chemistry of cellulose, application, cellulose in oral drug 

delivery system, nanocellulose: extraction method, characterization, application and market 

survey.  

 Chapter 3 Materials and Methods: Description of experimental work performed for the 

investigations including physicochemical characterization of extracted MCC and NC, 

formulation development utilizing NC. 

 Chapter 4 Results and Discussion:  Results obtained with the experiments performed and 

detailed discussions on them. 

 Chapter 5 summarizes the entire work and concludes the thesis. 
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Chapter 2 

Review of Literature 

2.1 Structure and chemistry of cellulose: 

Primary structural component responsible for mechanical strength of harvested sources such as 

wood, annual plants or agricultural residues is known as cellulose. Each cell consists of cell wall 

layers, which differ from each other with regard to their structure and chemical composition, 

having a total thickness of 1–5 µm [17] and also representing a fiber with width of 10–50 µm 

(depending on the source).  

Multiple layers that constitute the cell wall include – the primary wall (P), the middle lamella 

(ML), outer (S1), middle (S2) and inner (S3) layers of secondary wall and the warty layer (W) 

as shown in Fig. 2.1. Given high volume of lignin content in middle lamella, it binds the 

neighboring cells. The three main components that constitute primary and secondary walls are: 

cellulose, hemi-cellulose and a matrix (typically composed of pectin in primary and lignin in 

secondary walls). Thickness of primary cell wall ranges between 30-1000 nm and consists of 

cellulose microfibrils (MF) positioned crosswise. Secondary cell wall on the other hand is made 

of three layers (S1, S2 and S3) each of which differs in microfibrils angle with reference to the 

fiber axis. Microfibrils in these layers are densely packed in a flat helix and parallel aligned.  

While thickness of secondary wall varies from 100 nm (cotton) to 300 nm (spruce wood) most 

of its cellulose (C) mass is contained in the fiber. Also warty layer, located in the inner surface 

of the cell wall, is a thin layer and mainly composed of lignin (L) and hemicellulose (H) [18, 

19]. As explained earlier, cellulose is present in fibers in form of the microfibrils and that both 

cellulose microfibrils as well as elementary fibrils are referred to as cellulose nanofibrils. 

However, it’s desirable to obtain individual elementary fibrils with regular diameter than in 

bundles. As per fringe micelle theory cellulose is a semi-crystalline polymer which consists of 

crystalline (Cr) (ordered) and amorphous (Am) (disordered) regions within the microfibrils, 

where the individual cellulose molecule is considered to pass through several crystalline and 

amorphous parts [20]. 
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FIGURE 2.1: Hierarchical structure of corn husk 

Native degree of crystallinity usually ranges from 40-70%, depending on the origin of cellulose 

and isolation method. D-glucopyranose (glucose) molecules, building blocks of cellulose 

polymer chain, when linked by β-1, 4-glucosidic bonds turn into anhydroglucose units - two of 

which make one anhydrocellobiose which basically is the repeating unit of cellulose polymer. 

However, cellulose degree of polymerization (DP) is generally expressed as number of anhydro 

glucose units. While each anhydroglucose unit has six carbon atoms with three hydroxyl (viz., 

alcohol) groups (at C2, C3 and C6 atoms), giving high degree of functionality to cellulose 

molecule, there are three types of anhydroglucose units: (i) a reducing end with free hemicetal 

or aldehyde group at C1 atom, (ii) a non-reducing end with free alcohol group at C4 atom and 

(iii) internal rings [21, 22]. 

 

2.2 Microcrystalline cellulose as pharmaceutical excipient: 

Controlled hydrolysis using dilute mineral acid solutions of α-cellulose, obtained as pulp from 

fibrous plants, microcrystalline cellulose can be synthesized. It can be further purified by 

filtration and aqueous slurry is spray-dried to form dry, odorless, tasteless, white porous particles 
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of a broad size distribution. It is widely used in pharmaceuticals as a binder, diluent, lubricant 

and disintegrant in oral tablet and capsule formulations. It is also used in cosmetics and food 

products [23-30]. Below Table 2.1 captures the work done by different researchers for extracting 

MCC from different sources using varied methods. 

TABLE 2.1: Different processing conditions used for the production of MCC 

Process Source Treatment Condition 

Acid 

Hydrolysis 

Lageriana siceraria 

(water gourd) [31] 

• Grinding 

• Hydrolysis with 2% w/v sodium hydroxide digestion 

for 5 h at 800 oC followed by 2.5N hydrochloric acid 

at 105 oC for 15 min 

• Bleaching with sodium hypochlorite for 15 min at 

800 oC 

• Filtration, washing, drying at 60 oC for 60 min inside 

hot air oven 

• Filtration, washing, drying in a hot air oven at a 

temperature of 60 oC for 60 min. 

Oil palm biomass 

residue [32] 

• Rotary ball mill grinding  

• 2.5 N hydrochloric acid at 105 oC for 30 min 

• 5% ammonium hydroxide 105 oC for 30 min 

• Washing, drying in a vacuum oven at 105 oC  

Sawdust [33] 
• Drying, milling 

• 17.5% w/v sodium hydroxide 100 oC for 12 hr 

• 3.5% w/v sodium hypochlorite solution 80 oC for 8 hr 

• 20% hydrogen peroxide at 40 oC for 2 hr 

• 2.5M hydrochloride acid at 105 oC for 15 min 

• Filtration, drying in an oven at 60 oC for 1 hr 

Corn cobs [34] • 3.5% nitric acid and 0.01% sodium sulphite at 90°C 

for 2 hr 

• 2% sodium hydroxide, 2% sodium sulphite at 50°C 

for 1 hr 
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• 17.5% sodium hydroxide at 80°C for 0.5 hr 

•  3.2% sodium hypochlorite at 40°C for 1.5 hr 

• 2 N hydrochloric acid hydrolysis at room 

temperature for 15 min 

• Washing, drying  

Groundnut husk [35] • Washing, milling , drying at 60°C for 24 hr 

• Toluene-ethanol (2:1 v/v) extraction in a Soxhlet 

extractor for 6 hr 

• 3.5% nitric acid for 2 hr at 90°C 

• Sodium sulphite at 50°C for 1 hr 

• 3.5% w/v sodium hypochlorite at boiling temperature 

for 10 min 

•  17.5% w/v sodium hydroxide at 80°C for 0.5 hr 

•  3.5% w/v sodium hypochlorite for 5 min at 100oC 

•  2.5 N hydrochloric acid at boiling temperature for 15 

min 

• Washing, filtration, drying at 60oC in fluidized bed 

dryer 

Indian Bamboo 

(Bambusa vulgaris) 

[36] 

• Washing, pulverizing  

• 2.5N hydrochloric acid at 100oC for 30 min 

• Bleaching with 0.1% w/v solution of sodium 

hypochlorite 

• Drying at 60°C for 24 hr 

Banana plant wastes 

[37] 

• 1 M sodium hydroxide at 80 oC for 4 hr 

• Bleaching with 5% sodium hypochlorite at 30 oC for 

3 hr  

• Hydrolysis with 76, 70 or 64 wt.% of sulphuric acid 

• Washing, freeze drying 
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2.3 Nanocellulose as pharmaceutical excipient: 

Cellulose processed to have nano scale dimensions in width, length or both, is called 

nanocellulose. Broadly, it can be classified in four major categories listed below depending on 

the production conditions. CNC and CNF are produced by disintegration of cellulose fibers into 

nanoscale particles (top–down process),whereas BC and ECNF are generated by a buildup of 

nanofibers (bottom–up process) from low molecular weight sugars by bacteria or from dissolved 

cellulose using electro spinning, respectively. 

1. Cellulose nanocrystals (CNC) or cellulose whiskers: 

Acid hydrolysis of cellulose degrades its amorphous regions while preserving crystalline ones. 

Thus producing CNC commonly with diameter of 3–35 nm and a length of 200–500 nm. By 

such treatment, rod-like rigid CNC are produced with about 90% crystallinity. Their 

morphology generally depends on the source of cellulose [38].  

2. Cellulose nanofibrils (CNF) or Nanofibrillated cellulose (NFC) or Microfibrillated 

cellulose (MFC) or Cellulose nanofibers: 

Generally prepared by mechanically destructuring cellulose involving milling/grinding or high-

pressure homogenization, CNF can also be prepared by chemical or enzymatic treatment or 

combination of all three. CNF does not have the same high crystallinity as CNC. CNF 

dimension, depending on cellulose source and pretreatment, can vary from 10-100 nm [38, 39]. 

3. Bacterial cellulose (BC): 

Production of BC is a bottom up process wherein high-purity cellulose void of any lignin or 

hemicellulose residue is generated by bacteria in aqueous culture media containing a sugar 

source, time for which ranges from few days up to two weeks. While BC has the same chemical 

composition as plant cellulose, it is free of functional groups other than alcohol. BC is produced 

in the form of twisting ribbons with cross-sections of 3–4 nm × 70–140 nm and a length of more 

than 2 µm. It has a 3000–9000 of degree of polymerization and a distinct crystallinity of 80–

90%. [38] 

4. Electrospun cellulose nanofibers (ECNF): 

Post dissolving cellulose in an appropriate solvent, high voltage is applied to a droplet of 

cellulose solution to overcome the surface tension and form a jet of the solution. Which when 

passed through air, solvent evaporates, forming a filament collected on an electrically grounded 
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target [40, 41]. Generally, ECNF produced start from few hundreds of nanometers to few 

hundreds of nanometer to few microns in diameter often referred as nanofibers [42]. 

2.4 Extraction process of nanocellulose: 

 

2.4.1 Acid hydrolysis: 

This method involves an acid-induced destructuring process during the course of which the 

heterogeneous acid hydrolysis involves the diffusion of acid molecules into cellulose 

microfibrils resulting in the cleavage of glycosidic bonds within cellulose molecular chains in 

the amorphous domains along the cellulose fibrils, thus leading to the breaking of the 

hierarchical structure of the fibril bundles into NC [43, 44]. The employed acids release 

hydronium ions that tend to penetrate the cellulosic material in the amorphous domains, react 

with the oxygen elements on the glycosidic bonds between two anhydroglucose moieties 

initiating protonation of oxygen elements and thus hydrolytic cleavage of glycosidic bonds of 

amorphous regions [45]. As a result of acid hydrolysis there is rapid decrease in the degree of 

polymerization of nano cellulose. Towards the end of the process, the mixture undergoes a series 

of separation and washing/rinsing steps followed by dialysis against deionized water to 

eliminate residual acid and neutralized salts. Sonication treatment is generally applied to get the 

better and homogeneous dispersion of NC in aqueous media [46-51]. Properties of the resulting 

nanocellulose depends on temperature and time of hydrolysis procedure as well as nature and 

concentration of acid used [52, 53]. 

 

2.4.2 Mechanical treatment: 

There are multiple mechanical methods for the production of nanocellulose such as, 

microfluidization, ultra-sonication, high pressure homogenization, high energy bead milling 

[54, 55]. Generally, these procedures produce cellulose nanofibers characterized with a diameter 

in nanometers or tens of nanometers and a length of up to several microns [56]. 

1. High-Pressure Homogenization: 

In this technique suspension is forced through a very narrow channel or orifice under high 

pressure of 50-2000 MPa and depending on the viscosity of the suspension as well as the applied 

pressure the width of homogenization pressure varies from 5 to 20 μm. The gas bubbles formed, 

due to the increased dynamic pressure and a reduction in the static pressure below the vapor 
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pressure of the aqueous phase (both of which are due to resultant high suspension streaming 

velocity), collapse immediately as the liquid leaves the homogenization gap, being again under 

a normal air pressure of 100 kPa. As a result the fribrillar structure of cellulose is disrupted due 

to formation of shockwaves and cavitation induced by gas bubble formation and implosion 

phenomenon [57].Through a large pressure drop, high shear forces, turbulent flow, and 

interparticle collisions cellulose fiber size can be reduced, the extent of which depends on a) the 

number of homogenization cycles and b) the applied pressure(higher the pressure, the higher 

the efficiency of the disruption per pass through the machine [58].  

2. Grinding: 

In grinding, fibrillation process happens due to shear stress generated when cellulose slurry is 

passed between static and rotating grindstones revolving at approx. 1500 rpm, degrading the 

cell wall structure and individualizing the nanoscale fibrils. Distance between the disks, 

morphology of disk channels and number of passes through the grinder determine the extent of 

fibrillation. [58] 

3. Microfluidization: 

It operates at constant shear rate. The pulp slurry upon passing through specially designed fixed 

geometry micro channels positioned in a z-shaped chamber accelerates to high velocities and 

reaches high shear force, the pressure of which can reach levels up to 40,000 psi. Upon leaving 

the interaction chamber, using a heat exchanger the product may be recirculated through the 

arrangement for further processing, or advanced externally to the next step in the process. To 

improve the degree of fibrillation, its essential the procedure is repeated multiple times using 

differently sized chambers [59-63].  

4. High-Intensity Ultrasonication: 

In high-intensity ultrasonication, as water molecules absorb ultrasonic energy cavitation are 

generated which in turn form, expand and implode in form of microscopic gas bubbles 

disrupting the cell wall in aqueous medium, leading to defibrillation of the cellulose fibers [64]. 

 

2.4.3 Oxidation method: 

Oxidation is one of the recent novel methods to introduce charge carboxylate groups into 

cellulosic materials which help in disintegrating into nanofibrils with smaller widths, consuming 

quite lesser energy as compared to the traditional pure mechanical treatment [65] in which 
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never-dried native celluloses are oxidized using 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) 

radical and subsequently homogenized by the mechanical treatment. 

TEMPO-mediated oxidation of cellulose, one of the regioselective chemical alteration of 

primary hydroxyl groups, is well explained elsewhere [66]. The reaction takes place on the 

surface of cellulose fibers and in amorphous domains. Cellulose starts to disperse in aqueous 

solution as the carboxyl content is increased to a specific amount, however the crystalline 

regions remain intact and which therefore can be released [67].  

Researchers have reported usage of direct ultrasonic-assisted TEMPO–NaBr–NaClO system to 

produce carboxylic cellulose nanocrystals from cotton linter pulp [68, 69] where some of the 

amorphous domains of cellulose were found to be gradually hydrolyzed during oxidation 

process, subsequently providing a stable as well as well dispersed aqueous suspension in one 

step. Microscopic observations confirmed the presence of cellulose nanocrystals 5–10 nm in 

width and 200–400 nm in length [70]. 

However there are some serious drawbacks to TEMPO-mediated oxidation method such as toxic 

TEMPO reagents (leading to environmental issues), oxidation time and limited oxidation at C6 

primary hydroxyl groups in NC. Another oxidation method reported uses periodate chlorite, 

wherein periodate oxidizes the C2 and C3 hydroxyl groups using chlorite, which is a two-step 

process requiring expensive and toxic periodate as well as high on energy consumption [71-74]. 

Additionally the glycosidic rings will be successively split after the oxidation reaction reducing 

the molecular chain lengths/rigidity of the NC. 

 

2.4.4 Enzymatic hydrolysis: 

Enzymatic hydrolysis is one of the less expensive alternative for preparation of NC. Usage of 

enzymes that selectively digest the amorphous domain of cellulose fibers but do not degrade the 

crystalline areas considerably, yield NC that preserve a hydroxyl group surface chemistry thus 

allowing easier chemical manipulation and an expanded commercial potential. One such class 

of enzymes is, the mixture of endoglucanases, exoglucanases, and cellobiohydrolases. While 

endoglucanases randomly attacks and hydrolyzes the amorphous domains, exoglucanases reacts 

with the cellulosic chain from either non-reducing or reducing ends and cellobiohydrolases 

hydrolyze cellulose from either C1 or the C4 ends employing a protein in each case, into 

cellobiose sub-units. Thus cellulose gets into amorphous part of cellulose fibers and also affects 
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the crystalline regions as the function of cellobiohydrolases. Nonetheless, cellobiose formed 

during the reaction process can absorb on the activity center of cellobiohydrolases, avoiding 

thorough enzymolysis. Given this favorable effect, it’s advantageous for controlled enzymolysis 

production of NC [75]. Enzymatic routes for production of NC have economical (i.e., high cost 

of cellulose enzyme) and technical (rate limiting step of cellulose degradation with a long 

processing period) limitations to it. Among the numerous factors the structural features resulting 

from pretreatment & enzyme mechanism are found to affect the slow rate of enzymatic 

hydrolysis [76]. 

 

2.4.5 Ionic liquid treatment: 

Given the recyclable, highly stable, low melting point and low vapor pressure reagent 

characteristics of Ionic Liquids it has gained increased attention from the scientific community 

for enabling innovative and sustainable solutions. Known for their unique solvating properties 

they are emerging as eco-friendly solvents for the pretreatment and processing of lignocellulosic 

materials. Few of the most interesting and highly investigated IL solvents for cellulose are 1-

butyl-3-methylimidazolium chloride ([BMIM]Cl), 1-ethyl-3-methylimidazolium diethyl-

phosphonate ([EMIM]DEP), 1-butyl-3-methylimidazolium acetate ([BMIM]OAc)[77] and 1-

butyl-3-methylimidazolium hydrogen sulfate ([BMIM]HSO4) [78,79].  Usage of [BMIM]HSO4 

has been successfully emphasized for isolation of rod-like NC from microcrystalline cellulose, 

both in dry and aqueous medium, wherein preferential dissolution of amorphous domains lead 

to increase in crystallinity during the treatment, while the native conformation of cellulose type 

I was conserved [80]. Quite recently, researches leveraged the solvent system 

tetrabutylammonium acetate/dimethylacetamide in conjunction with acetic acid, in which both 

the dissolution of amorphous cellulose and the acetylation of hydroxyl groups takes place 

[81].The resultant NC were hydrophobic with rod-like morphology, good thermal stability and 

high crystallinity index. 

 

2.4.6 Subcritical water hydrolysis: 

Evident from the hydrothermal process of hemicellulose elimination, ability of water to 

hydrolyze polysaccharides is quite well-known. Presence of water molecules and availability of 

H30
+ ions influence the hydrolysis rate. Given lower Kw values of sub and super critical water, 
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concentration of ionized species is higher which can be efficiently utilized for hydrolysis 

reactions. The green characteristics as well as its low and cleaner effluent, low corrosion and 

low cost characteristics renders utilization of water as reagent quite promising one. Using high 

temperature and pressure of water hydrolyzes the lignocellulosic materials contained in the 

commercial MCC thus producing NC [82,83]. 

 

2.4.7 Combined processes: 

Apart from the above listed processes, one of the most effective ways to enhance NC properties 

and yield is by developing combination of two or more of the aforementioned methods but its 

equally essential to factor the limitations such as the environment pollution, equipment 

corrosion and difficulty in controlling the hydrolysis degree of cellulose [84]. Combination of 

processes affect crystallinity, thermal stability of NC. Below Table 2.2 captures the work done 

by different researchers for extracting NC from different sources using varied methods listed 

above. 

TABLE 2.2:  Different processing conditions used for the production of NC 

Process Source Treatment condition 

Acid 

hydrolysis 

Cocos nucifera var 

aurantiaca peduncle 

[85] 

• Grinding 

• 0.7 % w/v of sodium chlorite, drying at 120°C in an oven 

for 120 min 

• 17.5% w/v of sodium hydroxide at 30°C for 35 min 

• 80% acetic acid and 70% w/v nitric acid at 120°C for 15 

min 

• Drying at 102°C 

Empty fruit bunch [86] • Grinding 

• Boil in water for 80°C for 1 hr 

• 5% w/v sodium hydroxide for 1 hr at 80°C 

•  Washing, bleaching with 5% w/v sodium chlorite at 80°C 

for 1 hr 

• Drying in an oven at 80°C 

Apple Pomace [87] • Grinding and washing 

• 6- 12% sodium hydroxide for 30- 240 min at 30 - 90°C. 



Chapter 2                                                                                                       Review of Literature 

 

15 
 

Acacia bark [88] • Grinding 

• 5%  w/v sodium hydroxide for 30min,  

• 80% v/v acetic acid  

• 70% v/v nitric acid at 120°C for 15 min 

• 64% sulfuric acid treatment for 70 min 

• Sodium hypochlorite, glacial acetic acid at 75 °C 

• Washing, centrifugation 

Old newspapers and 

recycled newsprints 

[89] 

• Milling  

• 60% w/v  H2SO4 at 45 ºC 

• 5%  w/v sodium hydroxide for 2 hr at 125 ºC 

• 2% w/v sodium hypochlorite for 2 hr at 125 ºC 

• Overnight drying at 105 ºC , 

Rice husk [90] • 4M sodium hydroxide at 80 oC for 12 hr 

• 15 % sodium hypochlorite at 60 oC for 60 minutes 

• 4M sulphuric acid at 60 oC for 60 minutes 

Cassava Bagasse [91] • 0.7 % w/v sodium chlorite solution and 17.5 % w/v sodium 

hydroxide for 5 hr 

• 5% w/v sodium sulfite solution for 5 hr 

• Dimethylsulfoxide at 80 °C for 3 hr 

• 62.4% w/w sulfuric acid at 45 °C for 120 min 

• Washing, filtration, drying at 40 °C for 12 hr  

Sugarcane bagasse 

fibers and pith [92] 

• Grinding 

• Organosolv pulping using ethanol/water at 190◦C for 2 hr 

• 24% hydrogen peroxide 

• 4% sodium hydroxide 

• 65 % sulfuric acid for 40 min 

• Washing 

• Centrifugations performed at a speed of 10,000 rpm and 

temperature of 15°C 

Wood pulp [93] • 55–65 % w/v sulfuric acid at 45-65°C for 30-180 min 
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Oil palm frond waste 

[94] 

• 10% v/v sodium chlorite and acetic acid 

• 64% v/v sulphuric acid hydrolysis for 1 h. 

Posidonia oceanica [51] • Sodium hydroxide, acetic acid, sulfuric acid, sodium chlorite 

treatments at 55 °C 

• Centrifugation, dialysis 

Recycled newspaper [95] • Grinding 

• Sodium hydroxide, sodium chlorite treatments at 125 °C,  

• 65%  sulfuric acid at 45 °C 

• Centrifugation, dialysis 

Hardwood pulp [96] • Phosphotungstic acid hydrolysis 

• Extraction with diethyl ether 

• Decantation 

• Ethanol precipitation 

• Washing, centrifugation 

Banana plants [97] • Soxhlet extraction 

• 64 % sulfuric acid  hydrolysis at 50 °C 

• Sodium hypochlorite at 55 °C  

• Centrifugation, dialysis 

White coir [98] • Organosolv process 

• alkaline-peroxide bleaching 

• 30% sulfuric acid  at 60 °C hydrolysis 

• Centrifugation, dialysis, ultrasonication 

Pineapple leaf [99] • Grinding 

• 64% sulfuric acid  at 45 °C  

• Centrifugation, dialysis, ultrasonication 

Whatman filter paper 

[52] 

• Blending 

• 4 N hydrochloric acid at 100 °C for 120 min 

• 85% phosphoric acid at 60 °C hydrolysis 

• Ultrasonication, lyophilization, Centrifugation, dialysis 

Raw cotton linter [100] • 60% w/w sulfuric acid at 45 °C for 60 min 

• Centrifugation for 15 min at 13,000 rpm 
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Sugarcane bagasse 

[101] 

• 17.5% w/v sodium hydroxide solution for 5 hr 

• Dimethylsulfoxide in an 80 °C water bath for 3 hr 

• 60% w/v sulfuric acid hydrolysis for 5 hr at 50 °C 

• Washing, filtration, drying 

Pineapple leaf fibers 

[102] 

• Ball milling  

• 2% sodium hydroxide for 4 hours at 100oC 

• 1.7 wt% sodium chlorite 

• Lime juice hydrolysis 

• Drying 

Hardwood [103] • Bleaching 

• Acid hydrolysis 

• Filtration and centrifugation 

Eucalyptus pulp [104] • Bleaching 

• Acid hydrolysis 

• Filtration and centrifugation 

Sisal fibers [105] • Grinding 

• 60% Sulfuric acid hydrolysis at 55 °C 

• Bleaching 

• Centrifugation 

Eucalyptus pulp [106] • Formic acid hydrolysis at 95 °C 

• Bleaching 

• Centrifugation and dialysis 

MCC [107] • Hydrochloric acid hydrolysis 

• Washing 

• Centrifugation 

• Freeze drying 

Mechanical 

treatment 

Eucalyptus pulp [108] • 1% w/w 1-Butyl-3-methylimidazolium chloride at 150 °C 

• High pressure homogenization from 40 to 120 MPa and for 

up to 50 cycles 

• Centrifugation at 12,000 rpm, vacuum freeze drying 

Wood [109] • Ethanol solvo thermal treatment 
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• Alkaline hydrogen peroxide treatment, 

• Ultrasonication,  washing, drying 

Microcrystalline cellulose 

[53] 

• Dispersion in water, ultrasonication for 50 minutes at an output of 

500 W, frequency of 20 kHz  

• High-energy bead milling 

• Decantation, freeze drying 

Microcrystalline cellulose 

[54] 

• Ultrasonication at power of 1500 W, centrifugation, freeze 

drying 

Needle grass [110] • Carboxylation, centrifugation, lyophilization 

Oxidation 

method 

Bleached kraft hardwood 

pulp [72] 

• Lithium chloride-assisted sodium metaperiodate oxidation at 75 

°C 

• Washing 

Jute fibers [69] • Grinding 

• Sodium hydroxide and dimethylsulfoxide treatments 

• Treatment with TEMPO/NaClO/NaBr system 

• Centrifugation, sonication, drying 

Enzymatic 

hydrolysis 

Bleached kraft pulp [111] • Pre-soaking in water, grinding, centrifugation 

• Treatment with commercial enzymes or termite cellulose 

and incubated at intervals from 6–72 hr at 35 °C 

• Washing, lyophilization 

Flax and hemp fibers 

[112] 

• Washing 

• Treatment in acetate buffer supplemented with 

endoglucanases and incubated in a shaker at 50 °C, 

• Centrifugation, rinsing, ultrafiltration, freeze drying 

Cotton fibers [75] • Dimethyl sulfoxide and sodium hydroxide treatment with 

buffer solution at 45 °C 

• Centrifugation 

• Drying 

Cotton fibers [113] • 4 N Hydrochloric acid hydrolysis 

• Fermentation, Centrifugation 

• Ultrafiltration, Freeze drying 
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Ionic 

liquid 

treatment 

Hardwood pulp board 

[81] 

• Treatment with solvent system tetrabutylammonium 

acetate/dimethylacetamide in conjunction with acetic acid 

at 65 °C 

•  Washing, centrifugation, drying 

Pure  cotton [114] • Swelling in 1-butyl-3-methylimidazolium chloride and 1-(4-

sulfobutyl)-3-methylimidazolium hydrogen sulfate followed by 

quenching by adding cold water 

• Washing/centrifugation cycles, freeze drying 

Angelim vermelho wood 

[77] 

• Grinding 

• Treatment with 1-ethyl-3-methylimidazolium acetate at 60 °C, 

• Centrifugation 

• Washing 

• Dimethyl slphoxide treatment, dissolving, drying 

Bleached wood kraft 

pulp [78] 

• Swelling in pure 1-butyl-3- methylimidazoliumhydrogen 

sulfate at room temperature followed by the incorporation 

of deionized water 

• Centrifugation, dialysis, freeze drying 

Commercial 

microcrystalline 

cellulose [115,116] 

• Water hydrolysis at 120 °C and pressure of 20.3 MPa 

• Filtration 

• Dialysis, ultrasonication 

 Cotton cellulose fibers 

[117] 

• Drying at 105 °C during 24 hr 

• Treatment with 1-butyl-3-methylimidazolium chloride in 

presence sulfuric acid at 80 °C 

• Washing, centrifugation, freeze drying 

Combined 

processes 

Oil palm empty fruit 

bunch microcrystalline 

cellulose [118] 

• Sono-assisted TEMPO-oxidation followed by sonication 

(mechanical treatment) 

•  Washing, centrifugation, drying 

Commercial 

microcrystalline 

cellulose [119] 

• Dispersion in water, ultrasonication combined with 

tungstophosphoric acid 

• Extraction with diethyl ether, drying 



Chapter 2                                                                                                       Review of Literature 

 

20 
 

Old corrugated container 

material [120] 

• Soaking in water 

• Sodium hydroxide pretreatment 

• Phosphoric acid hydrolysis 

• Washing, enzymatic hydrolysis 

• Ultrasonication, centrifugation, dialysis, freeze drying 

Corncob [121] • 3% w/w sodium hydroxide treatment for 3 hr at 100 oC 

• Sodium hypochlorite  at 80 oC for 2 hr 

• 64 wt% sulfuric acid  hydrolysis at 45 oC for 30 min 

• TEMPO-mediated oxidation 

Corn stalk [122] • Sodium chlorite/acetic acid pulping 

• 5 % sodium hydroxide for 2 hr at70–80◦C  

• TEMPO-mediated oxidation at pH 10, using Sodium 

chlorite as oxidizing agent and TEMPO as a catalyst 

• Filtration, washing, 

Cotton stalk [123] • 64% sulfuric acid at 45°C for 50 min  

• Sodium bromide + TEMPO (75 mg)  was stirred 

continuously for 10 min 

• 13% sodium hypochlorite solution, ethanol was added to 

quench the reaction and the pulp fibers were dispersed in 

deionized water and sonicated. 

Filter paper [124] • Cut into pieces  

• Treatment with sulfuric acid solution assisted by 

simultaneously ultrasonic wave and microwave 

• Dilution, centrifugation, drying 
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2.5 Properties of nano cellulose: 

 

2.5.1 Biodegradability: 

Of the multiple properties of nanocellulose, one is biodegradability which enables its usage in 

coating and packaging purposes. Multiple reports have documented the improvised thermal & 

mechanical strength of materials when aided by nanocomposite, for instance biodegradable 

films in particular reflected improved tensile strength, elongation potential, thermal and 

structural stability and oxygen barrier, forming a resistant yet durable film when enhanced with 

nanocellulose [125-132].  

 

2.5.2 Mechanical properties: 

Young’s modulus, measure of the force required to stretch or compress a material, in case of 

NC is reported up to 150 GPa. It is higher than steel and similar to Kevlar, however it may be 

influenced to certain extent depending on the source of cellulose and the type of treatment [133]. 

Further, multiple studies have confirmed significant increase in tensile strength when utilizing 

nanocrystals as compared to the original fiber state [134]. Such inherent property of NC when 

used as reinforcing agents, renders it useful to beat the mechanical limitations of biodegradable 

films. 

 

2.5.3 Thermal resistance: 

Natural cellulose is highly crystalline in its structure. Acid hydrolysis treatment, which tends to 

eliminate amorphous components such as residual lignin, hemicellulose, extracts, pectin and 

imperfect cellulose crystals, leads to a more resistant and stable structure, affecting several 

properties in NC such as their thermal stability [135].  

 

2.5.4 Morphology: 

Initial material used for NC production are influenced by the source of raw material. Such 

specific properties followed by different production methods in turn yield NC having similar 

morphologies but different characteristics with respect to its dimensions (diameter and length). 

While having an accurate comparison of fiber dimensions is difficult given different raw 

materials, but in general it can be seen that in cases where pre-treatment step is included, it 
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yields more narrow size distribution and can also produce fibers with diameter as low as 3-5 nm 

[136,137]. Such low values can also be attributed to centrifugation step post fibrillation process, 

as it eliminates the larger NC fibers. Depending on the source, the extracted NC fibers have 

higher or lower dimensions while on one hand studies conducted on the effect of lignin content 

on fiber dimensions have reported larger diameter of NC fibers produced from lignin-containing 

pulp irrespective of the origin of pulp used [138,139] on the other hand it has been confirmed 

that hemicellulose content correlates with smaller nanofibers dimensions i.e. it limits the 

association between cellulose nanofibers [140-143]. Implying, both lignin as well as 

hemicellulose residues influence the fiber morphology. Given each material source is specific 

and production methods also differ from one study to another, its difficult to accurate picture 

about the effect of all factors on fiber dimensions. 

 

2.5.5 Degree of polymerization and tensile strength: 

Strong correlation between degrees of polymerization (DP) for cellulose with aspect ratios of 

the nanofibers have been reported; higher the DP longer are the fibril. DP may decline by 30-

50%, as number of mechanical treatment cycles are increased during NC isolation [144]. Also 

there is direct correlation between DP to the NC tensile strength i.e. higher the DP, higher is the 

tensile strength [145], however exact values of tensile strength are yet to be determined 

precisely. Still based on the results of kraft pulp containing 70-80% of NFC fibrils distributed 

in a parallel direction, the strength of NC fibrils has been estimated to be at least 2 GPa [146]. 

Furthermore, given the high elastic modulus of cellulose, approx. 130 GPa – 250 GPa for a 

perfect crystal of native cellulose, NC has high toughness index. 

 

2.5.6 Rheological properties: 

Shear thinning is a phenomenon referred to the pseudo plastic gel behavior of highly entangled 

aqueous NC suspensions, showing large decrease in viscosity with an increasing shear rate [131, 

132]. As the number of passes through homogenization equipment increases, viscosity of NC 

also increases. The rheological properties render the usage of NC as thickener or stabilizer in 

suspensions or emulsions across varied sectors as food, paint, cosmetic & pharmaceutical [147, 

148].  
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2.5.7 Crystallinity: 

The three hydroxyl groups present in the molecular structure of nanocrystalline cellulose have 

the potential to build extensive inter-or-intra-molecular hydrogen bonds in cellulose chains 

while oxygen atoms of adjacent molecules promote parallel chains rendering a highly compact 

crystal system - theoretically 100% crystallinity [136]. In case of insufficient removal of 

amorphous regions the normal crystallinity ranges from 55-90% basis different sources and 

reaction conditions [137]. Highly ordered crystalline regions of nanocrystalline cellulose lower 

the accessibility of organic solvents and water uptake which in-turn reduces the binding water 

molecules at equilibrium of the composite rendering it difficult for gas and water penetration 

[138]. Implying usage of NC with tightly-packed crystalline structure as excellent reinforcement 

in bio-polymer composition materials. 

 

2.6 Applications of nanocellulose: 

NC finds its application in various sectors which are discussed briefly below, however its usage 

in pharmaceutical industry is of particular interest given the scope of this thesis and hence its 

usage as pharmaceutical excipient is discussed in detail. 

 

2.6.1 As pharmaceutical excipient: 

Nanocellulose is not only a good biocompatible and biodegradable material but also has 

relatively low toxicity levels making it an ideal choice for medical applications especially 

dosage forms and pharmaceutical drug delivery systems. As mentioned above, current thesis is 

focused on exploring usage of NC as pharmaceutical excipient, the existing work on NC by 

other researchers was reviewed in detail. Below Table 2.3 lists the different formulations derived 

using NC extracted from different sources. 

TABLE 2.3: Formulations derived using NC 

 

 

Source of NC Formulation  Preparation method adopted by researcher 

MCC [139] Composite Solution casting method: NC suspension, glycerol and agar 

mixed vigorously, stirred on a hot plate at 95◦C, cast it in a 

petri dish and dried at 45◦C  in an oven  
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2.6.2 Construction – cement; pre-stressed and pre-cast concrete:  

Usage of cellulose nanomaterial and micro-cellulose fibrils in certain proportion has been 

reported to increase the toughness of otherwise brittle material like concrete [145]. With slight 

change in processing procedure the addition of ~3% micro- and nanofibrils in combination can 

increase the fracture energy by >50% as compared to the unreinforced material. 

 

2.6.3 Packaging – filler: 

Given cellulose nanomaterial tend to increase the fiber bond strength, it results in strong 

reinforcement effect on paper materials with lesser usage of cellulose pulp through the thickness. 

As a result packaging weight is lighter which in turn reduces fuel cost and consumption during 

transportation [146]. 

 

 

 

Rice husk 

[140] 

Hydrogels Chemical crosslinking method: Gelatin, CNC suspension, 

and glutaraldehyde stirred on a hot plate at 55 °C  for 1 hour, 

cast in a petri dish and dried at 45 °C   in an oven 

kraft pulp 

[141] 

Composite Casting process PVA and NFC suspension stirred at 120°C 

for 2 h followed by sonication for 2 min and dried at room 

temperature for 7 days. 

Balsa Tree 

[142] 

Composites Castor bean cake powder, glycerin, microfibrillated cellulose 

mixed in a mortar, composite mixture pressed for 20 min at 

150 oC using 8 tons pressure by hydraulic press  

Bacterial 

cellulose 

[143] 

Nasal 

formulation 

Molecular dispersions of HPMC  and nano-cellulose 

prepared in water using laboratory blender  for 5 mins 

homogenization 

Pinecone 

biomass [144] 

Films Cellulose suspension filter using polyethersulfone 

membrane, peel the wet mass and pressed at less than 50 PSI 

for 15 min, dried for 24 h at room temperature, and then 

oven-dried overnight at 40°C 



Chapter 2                                                                                                       Review of Literature 

 

25 
 

2.6.4 Packaging – film: 

Cellulose nanomaterial, given their mechanical and optical properties, had improved the 

performance of reinforced plastics such as thermosetting resins, soy protein, starch-based 

matrices, poly(lactide) etc. [147]. 

 

2.6.5 Paper – filler: 

Given clay, the filler content in paper, is typically much cheaper as compared to wood pulp, 

paper manufacturers intend to increase its usage. When fibrillated cellulose nanomaterial are 

added in the production process, it allows to add more filler given its superior structural strength 

which reduces the consumption of wood pulp, thus reducing production costs. Also the energy 

required to dry the paper is considerably less given cellulose needed through the thickness is 

quite less. The resultant paper has better print quality, less porous and less translucent.  Material 

inputs as well as energy required during production stage drop considerably with this application 

and alternative it also supports the light weighing thus improving overall energy efficiency in 

transportation [148]. 

 

2.6.6 Personal care - hygiene and absorbent products: 

Cellulose nanomaterial are ideal biodegradable water retention filler in incontinence pads and 

diapers as its water absorbency capacity is quite high. It can also be used as hydrating agent and 

composite coating agents, in cosmetics (e.g., for eyelashes, hair, eye-brows, nails etc.) [148]. 

 

2.6.7 Paint: 

Viscosity of paints and coatings can be altered using nanocellulose. It has been reported that 

usage of cellulose nanomaterials as additive in water based polyurethane varnishes and paints, 

improves the durability of a coat of paint, protects from erosion due to UV radiation thus 

extending the life and reducing environmental burden [149]. 

 

2.6.8 Sensors – medical, environmental, and industrial: 

While CNC films absorb water, individual crystals do not dissolve or swell water. Implying its 

potential usage in humidity sensors or real-time contaminant detection. Elevated stress on 

structures like bridges can be monitored using cellulose nanomaterials. Altering cellulose 
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nanomaterials using double-walled carbon nano-tubes and graphite carbon plus nano-powder 

expands its usage for sensor applications [150]. 

 

2.7 Market study of nanocellulose: 

Nanocellulose market has been witnessed to have a significant growth in the recent years. It is 

predicted to reach a value of $250 million by 2019, signifying an increase of 19% CAGR 

between 2014 and 2019 [151]. Overall, the demand of nanocellulose shows a stable 

circumstance and the market will witness an increasing trend in the near future. Several 

applicant segments still supply an enormous potential market for NC. Table 2.4 illustrates the 

worldwide production of NC and its production capacity [152]. 

TABLE 2.4: Worldwide production of NC and its 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 NFC 

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 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 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 
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2.8 Selection of model drug: 

To confirm the hypothesis of current study it is imperative to utilize NC for production of tablets, 

pellets and liquisolid compact forms which necessitates selection of model drug to build the 

formulations. Various researchers have reported their work on solubility of glibenclamide [153-

156] however there is no report on its usage as model drug with NC. Given current thesis 

warrants comparison between NC formulation and marketed MCC, Glibenclamide was zeroed 

down as model drug. Glibenclamide (GLB) is an orally active hypoglycemic agent for the 

treatment of Type II non-insulin dependent diabetes mellitus (NIDDM) and can be classified as 

a BCS class II drug [157-160]. The detailed drug profile is given in Table 2.5. 

TABLE 2.5: Drug Profile –Glibenclamide 

Name of drug Glibenclamide BP [BCS Class II (Low Solubility, High 

Permeability), (weak acid drug)]   

CAS number , Synonym 10238-21-8 , Glyburide 

Structure, IUPAC Name C23H28ClN3O5S,                                                                                                                                                                            

5-chloro-N-[2-(4-

{[(cyclohexylcarbamoyl)amino]sulfonyl}phenyl)ethyl]-2-

methoxybenzamide 

 
  

 Description   White Crystalline Powder  

Molecular Weight  Average: 494.0  

Solubility  Practically insoluble in water, sparingly soluble in methylene 

chloride, slightly soluble in alcohol and methanol  

LogP  3.78 

pKa  4.32 (Water+ Methanol)  

Melting point  169°C to 174 °C  

ƛmax   231 in Phosphate Buffer, pH 7.5  

Biological half life   1.4-1.8 hrs (unchanged drug only); 10 hrs (metabolites included). 

Duration of effect is 12-24 hrs.   
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Mechanism of action  Glibenclamide bind to ATP-sensitive potassium channels on the 

pancreatic cell surface, reducing potassium conductance and 

causing depolarization of the membrane. Depolarization 

stimulates calcium ion influx through voltage-sensitive calcium 

channels, raising intracellular concentrations of calcium ions, 

which induces the secretion, or exocytosis, of insulin.  

Absorption   Within 1 hr. and peak plasma levels are reached in 2 to 4 hrs. Onset 

of action occurs within 1 hr.  

Volume of distribution  Steady state Vd=0.125 L/kg; Vd during elimination phase=0.155 

L/kg.  

Metabolism  Primarily hepatic (mainly cytochrome P450 3A4). The major 

metabolite is the 4-trans-hydroxy derivative. A second metabolite, 

the 3-cis-hydroxy derivative, also occurs. These metabolites do 

not contribute clinically significant hypoglycemic action in 

humans as they are only weakly active; however, retention of 4-

trans-hydroxyglyburide may prolong the hypoglycemic effect of 

the agent in those with severe renal impairment.  

Route of elimination  Glyburide is excreted as metabolites in the bile and urine, 

approximately 50% by each route. 78 ml/hr/kg in healthy adults. 

Clearance may be substantially decreased in those with severe 

renal impairment.  

Protein binding  Unchanged drug is ~99% bound to serum proteins; 4-trans-

hydroxyglyburide is greater than 97% bound to serum proteins.   

Toxicity  Oral rat LD50: > 20,000 mg/kg. Oral mouse LD50: 3250 mg/kg.  

Food Interactions  Avoid alcohol. Take 30-60 minutes before breakfast.  

Brand names   Daonil 5mg: Sanofi Aventis,Glyburide 5 mg: Cadila 

Pharnmaceuticals  
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2.9 Solid oral dosage form: 

Of the various solid oral dosage forms, the scope of this study limits to usage of NC for 

production of tablet, pellet and liquisolid compact. Details on production of the dosage forms 

using specific techniques is discussed at length in chapter 3. 

 

2.9.1 Tablet formulation using direct compression (DC) technique: 

DC is one of the simplest techniques for production of pharmaceutical tablet as its only 

requirement is the proper mixing and blending of active ingredient with appropriate excipients 

– diluent/filler, disintegrant, lubricant and glidant before compression. Other advantages of the 

technique are – reduced capital, labor and energy costs for manufacturing, avoidance of water 

for granulation of water sensitive drug substances, lower microbial contamination and reduced 

wear and tear of punches. Additionally formulations with minimum number of excipients – 

diluent/filler, disintegrant, lubricant and glidant - can be developed [161-166]. While lactose, 

dextrose, sorbitol, sucrose, mannitol, xylitol, starch, maltodextrin, MCC, calcium sulphate, 

dicalcium phosphate, tricalcium phosphate, calcium lactate trihydrate, aluminium hydroxide, 

calcium lactate pentahydrate are the common diluents used in DC, MCC is the most preferred 

given its characteristics listed below: 

 Good flowability ensuring uniform tablet weight 

 Readily mix with other ingredients without exhibiting segregation signs, ensuring 

homogeneous mixtures and build tablets with acceptable homogeneity 

 Suitable compression pressure ideal for producing tablets with high physical strength when 

applying low compression forces 

 High dilution potential which allows for mixing high amount of another ingredient while 

still obtaining tablets with acceptable quality 

 Stable chemically and physically as well as inert to moisture, heat, air, active ingredients or 

other excipients 

 Recognized consolidation mechanism during compression, complementing the properties of 

an active ingredient [167,168]. 

As per prior studies it’s reported that Avicel PH101, Avicel PH102 and PH 200 exhibits lower 

crushing strength, shorter disintegration time and small weight variation [169] and Avicel PH 
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102 exhibits a much better fluidity because of its more granular form [170]. Larger particles of 

microcrystalline cellulose (PH 102, PH 301, PH 302 and SMCC 90) has better flowability and 

lubricity but lower compressibility [171]. Celous KR 801 with more number of rod shaped 

particles than Avicel PH 101 yielded tablets with significantly higher tensile strength [172,173]. 

Novel microcrystalline cellulose PH-M Series shows decreased sensation of roughness and 

rapid disintegration by saliva when taken orally compared to conventional Avicel PH-102 [174]. 

Comparison of low crystallinity powdered cellulose (LCPC) with of different grades of Avicel, 

Emcocel, Solka Floc BW-40 and Solka Floc BW-100 revealed that powder and mechanical 

properties of the LCPC are quite different and can be recommended as a potential excipient for 

direct compression [175]. Coarse grade microcrystalline cellulose gives better results in terms 

of weight variation and content uniformity than the classic grade 102 [176]. 

2.9.2 Pellet formulation using extrusion spheronization technique: 

In this technique, API(s) and the excipients are dry mixed followed by addition of granulating 

liquid to procure the wet mass. After that wet mass is forced through small orifice (extrusion 

die) forming cylinders or strands the breadth corresponding to die diameter and length 

depending material properties and extruder type. The extrudates thus obtained are broken into 

small cylinders with length equaling the diameter post which pellets can be dried at room or 

elevated temperature [177-181]. Pellets produced by this method are capable of high drug 

loading, yield higher in relatively less time, narrow in size distribution with less friability, better 

sphericity and easy to operate on. While there are multiple excipient can be used in rapid-release 

extrusion/spheronization pellets of highly cohesive poorly water-soluble drugs, MCC is 

preferred given its - 

 Water insolubility 

 Able to absorb and retain large volume of water 

 Binding properties 

 Sufficiently large surface area for interaction with other ingredients in the powder mixture 

Existing work on MCC pellet formulation reveals that extrudates distortions occur for systems 

having relatively low shear viscosities at low flow rates confirming particle size of the 

microcrystalline cellulose is not important for the formation of satisfactory spheres in the 

spheronization stage [182]. Comparison between, (i) Avicel PH-101 (grade X), (ii) Avicel PH-



Chapter 2                                                                                                       Review of Literature 

 

31 
 

101 with variable percentage of sodium lauryl sulphate (grade Y), revealed that grade Y is 

superior to grade X in an aqueous extrusion – spheronization, producing smoother pellets in 

greater yield, also effectively delaying drug dissolution due to decreased porosity in the pellets 

formed and retardation of their break-up [183]. Micromeritics of the wet powder masses using 

different MCC grades revealed that elasticity of wet mass increase with increasing water content 

and decrease with increasing shear stresses [184]. 

2.9.3 Liquisolid method: 

Liquid can be reconstructed into free flowing, readily compressible and apparently dry powder 

by simple physical bending with selected excipients namely, the carrier and the coating material, 

using liquisolid technology. Liquid portion – apparently a liquid drug, a drug suspension or a 

drug solution – in appropriate non-volatile liquid vehicles is fused in the porous carrier material. 

Liquid layer forms on the particle surface upon saturation of the carrier (Avicel PH grade) with 

liquid which then is immediately adsorbed by the coating particles (explotab and aerosil 200) 

followed by addition of lubricants and disintegrants, resulting into dry, free flowing and 

compressible powder. Liquisolid compacts of poorly soluble drugs increases the drug absorption 

by enhancing surface area which increases aqueous solubility, wettability thereby improving 

bioavailability [185-189]. 
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CHAPTER 3 

Materials and Methods 

3.1 List of materials used for the study: 

 

TABLE 3.1: List of materials used for the study 

Material Category Source/ supplier 

Corn husk An agricultural waste local farmer 

Avicel® PH101 Direct compression vehicle Signet Pharma, Ahmedabad, India 

Sodium Hydroxide (NaOH) Alkaline Reagent Finar LTD, Ahmedabad, India 

Hydrochloric acid (HCl) Acidic Reagent Finar LTD, Ahmedabad, India 

Sulphuric acid (H
2
SO

4
) Acidic Reagent Finar LTD, Ahmedabad, India 

Nitric acid (HNO
3
) Acidic Reagent Finar LTD, Ahmedabad, India 

Sodium hypochlorite Bleaching Solution Finar LTD, Ahmedabad, India 

Distilled Water Process Solvent In house 

Glibenclamide API 
Cadila Pharmaceuticals Ltd., 

Ahmedabad, India 

NC Direct compression vehicle Indigenous production 

MCC Direct compression vehicle Indigenous production 

Avicel® PH200 Direct compression vehicle Signet Pharma, Ahmedabad, India 

PVP K 30 Binder J H Nanhang Life Sciences, China 

Starch Disintegrate ACME Chemicals, Mumbai,India 

Magnesium Stearete Lubricant ACME Chemicals, Mumbai,India 

Talc Glident ACME Chemicals, Mumbai,India 

Aerosil 200 Coating agent  

PEG 400   
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3.2 List of instruments used for the study: 

 
 

TABLE 3.2: List of instruments used for the study 

Instruments Model/ Make 

Digital Weighing Balance Shimadzu, model AX2000, Japan 

Tray Dryer Sapphire Machines, India 

Tap density tester Electrolab , India 

Roche Friabilator Electrolab , India 

Autoclave Karnavati, India 

High pressure homogenizer Microfluidics LM 20 

FTIR spectrophotometer Shimadzu 8400S, Japan 

Thermal Analyzer Mettler-Toledo AM, Greifensee, Switzerland 

Scanning electron microscope ESEM EDAX XL-30, Philips 

Transmission electron microscope Philips Tecnai T20 

X-ray Diffractometer Philips Xpert MPD 

UV-Visible Spectrophotometer Shimadzu-1700, Japan 

Rotary press tablet Punching Machine Karnavati, India 

Hardness Tester Monsanto 

Dissolution Apparatus  USP II Electrolab, India 

Differential  scanning calorimeter Perkin elmer, Baconsfield, UK 

Extruder Spheronizer Chronimach Ltd, Ahmedabad, India 

Sieve shaker International combustion Ltd., London 

Minitab® 17 M/s Minitab Inc., Philadelphia 

Design expert® Stat-Ease Inc., East Hennepin 
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3.3 Production of MCC from corn husk: 

In order to remove debris, 1 Kg corn husk was treated for 3 hours with boiling water and 

pulverized to powder which was then delignified with 500 ml of a 2 N sodium hydroxide 

solution at 80°C in a glass container for 2 hours. Post delignification powdered husk was divided 

into three batches, each of which was treated with 500 ml of 1 N sulfuric acid, hydrochloric acid 

and nitric acid respectively in an individual glass container in an autoclave at 90°C for 45 

minutes. The resultant residue was peroxided with a 1L of 3.5% w/v sodium hypochlorite at 55 

°C for 30 min and residual slurry was cleansed with distill water till it was neutral to litmus 

paper. The resultant cellulose was dried at 60°C for 6 hr in hot air oven. Schematic process flow 

chart for production of MCC is as shown in Fig. 3.1. Each batch was evaluated with respect to 

the yield, organoleptic property, powder flow property, particle size, crystallinity, thermal 

stability, limit test for ions and moisture content. Among all three acids, hydrochloric acid 

treated MCC had better appearance, good powder flow properties, good crystallinity with 

adequate particle size and satisfactory percent yield hence it was selected for production of NC. 

 
FIGURE 3.1: Schematic process flow chart for production of MCC 
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3.4 Evaluation of extracted MCC as a pharmaceutical excipient: 

 

3.4.1 Palatability properties: 

 Colour, odour, taste and physical appearance of the extracted MCC were observed. Solubility 

of MCC was determined in excess of distilled water, ethanol, acetone and dilute hydrochloric 

acid [190]. 

 Test for starch: 9.0 ml of purified water was added to 1g of MCC, the mixture of which was 

then boiled for 5 minutes followed by filtering and cooling. 1.0 ml of a 0.05 M of iodine 

solution was added to the filtrate. Absence of blue color implied absence of starch. [191].  

 Test for dextrin: 0.1g of the MCC was disseminated in 100ml of purified water followed by 

addition of a drop of iodine. However no signs of light red brown to purple color were 

observed implying dextrin were absent [191]. 

 Test for Lignin: 100 mg of obtained MCC was placed on a glass slide and moistened with a 

solution of hydrochloric acid and phloroglucinol. No brilliant red or pink color observed 

under microscope indicated to the absence of lignin [191]. 

 pH test: 2gm of the MCC was shaken with 100 ml of purified water 5 min. The pH of resultant 

supernatant liquid for each sample was determined using Corning pH meter [model 10 

England]. 

 

3.4.2 Fourier transform infrared spectroscopy (FTIR): 

Wavelength of the spectrum recorded for MCC, by FTIR employing KBr discs on a Perkin-

Elmer FTIR spectrometer, was found in the range of 400 cm −1 to 4000 cm −1.  

 

3.4.3 Thermal properties: 

Thermo gravimetric analysis (TGA) and differential scanning calorimetry (DSC) on a 

simultaneous thermal analyzer [Mettler-Toledo AM, Greifensee, Switzerland] were performed 

to investigate the thermal properties MCC. Wherein samples weighing 6 and 10 mg were heated 

from room temperature to 500°C at a rate of 5°C/min under the influence of nitrogen. 
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3.4.4 X-ray diffraction (XRD): 

To measure the crystallinity of MCC samples, the X-ray diffractometer (Philips Xpert Mpd) 

with monochromatic Cu Ka radiation source in steps can mode was used. 2θ angle ranged from 

5 to 80° at a scan rate of 1°/min with a resolution of 0.05°. Operating voltage was 30 KV and 

current 200 mA. Crystallinity index (CrI) was measured using equation (3.1) 

CrI = (I002−Iam)/I002*100                                                                                      Equation 3.1 

Where, I002 - maximum intensity of the diffraction from the 002 plane and Iam - intensity of 

scattered by the amorphous part of the sample [192]. 

             

3.4.5 Scanning electron microscopy (SEM): 

The surface characteristics of MCC were studied by SEM on a ESEM EDAX XL-30, Philips, 

Netherlands. The samples were mounted on double-sided carbon adhesive tape that has 

previously been secured on brass stubs and then subjected to gold coating by sputter coater, 

using process current of 10 mA for 4mins. The accelerating voltage was 30 kV. 

 

3.4.6 Physicochemical characteristics 

 

3.4.6.1 Carr’s index (CI): 

Bulk/tap density test apparatus (Electrolab EDT -1020) was utilized to measure the bulk density 

(BD) and tapped density (TD) of the sample. Carr’s index [193,194], one hundred times the 

ration of difference between tap density and bulk density to the tapped density, was calculated 

using equation (3.2).         

CI = [(𝐵𝐷 − 𝑇𝐷)/𝑇𝐷] ∗ 100                                               Equation 3.2 

 

3.4.6.2 Hausner ratio (HR): 

Hausner’s ratio, the ratio of bulk density to tapped density, was determined using equation (3.3). 

Below Table 3.3 mentioned standard values of carr’s index and hausner’s ratio. 

         HR = 𝐵𝐷/𝑇𝐷                                            Equation 3.3 

TABLE 3.3: Standards for carr’s index and hausner ratio 

Hausner ratio Carr’s index (%) Flow character 

1.00-1.11 10 Excellent 



Chapter 3                                                                                                   Materials and Methods 

 

37 
 

1.12 – 1.8 11-15 Good 

1.19 – 1.25 16-20 Fair 

1.26-1.34 21-25 Passable 

1.35-1.45 26-31 Poor 

1.46-1.59 32-37 Very poor 

>1.6 >38 Very very poor 

 

3.4.6.3 Angle of repose (AR): 

Angle of Repose: Defined as the angle between free surfaces of a pile of powder to the horizontal 

plane, angle of repose for the current study was measured using fixed cone method [194] 

wherein sample was meticulously poured through the funnel forming cone at the base until its 

apex touched the tip of the funnel Mean radius (r) and height (h) of the heap were measured 

basis which angle of repose (AR) calculated using equation (3.4) and the flowability of the 

sample was graded as shown below Table 3.4 

                      Equation 3.4 

TABLE 3.4: Standards for angle of repose 

Angle of repose (θ) Powder flow 

< 20 Excellent 

20-30 Good 

30-34 Passable 

>40 Very poor 

  

3.4.6.4 Moisture Content (MC): 

The moisture content was determined using the oven-drying method. Sample was placed in the 

petri dish and weighed (Ww). Than petri dish with sample was placed in an oven (Heratherm, 

Thermo Fisher Scientific Inc., Waltham, USA) at 105°C until a constant weight (Dw) was 

achieved. Dried sample containing petridish was cooled to the room temperature in a desiccator 

and then weighed [195]. The moisture content was calculated by utilizing equation (3.5) 

                         MC = (Ww − Dw)/Ww × 100                                                       Equation 3.5 

 

 

rh /tan 
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3.4.6.5 Particle size analysis: 

Using a light microscope fitted with graticle the particle size of fifty particle were resolved. 

However the average particle size of MCC was deduced statistically. 

 

3.4.6.6 Yield: 

Yield was calculated using equation (3.6) by weighing MCC (A) manufactured from raw 

material (B). 

                                  Yield =  A/B × 100                                                                Equation 3.6 

 

3.5 Optimization of variables using design of experiment for production of 

NC: 

In order to meet consumers’ needs and the intended product performance, pharmaceutical 

development should define quality target product profile (QTPP). Identification and 

determination of potential critical quality attributes (CQAs) shall facilitate selection of 

appropriate manufacturing process, define control strategy, experimentation, risk assessment, 

material attributes and process parameters that can have an effect on product CQAs. This 

systematic approach can enable product development, continuous improvement and innovation 

throughout the product lifecycle [196-198]. 

 

FIGURE 3.2: Schematic process flow chart for production of NC 
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The most critical factors identified during risk assessment are acid concentration (X1) and time 

(X2) for AH treatment whereas pressure (X1) exerted and no of passes (X2) through HPH were 

further optimized by employing 32 factorial design (Design Expert 9.0.3.1 software, Stat-Ease, 

Inc., USA) for statistical analysis, generating model equations and constructing contour plots as 

well as 3D surface plots to obtain optimized particle size (R1) and % yield (R2) of NC. Resultant 

product was subjected to instrumental (FTIR, TGA, XRD, TEM and particle size) method of 

analysis and physicochemical (Powder flow) characterization confirmed that NC produced by 

AH had higher thermal stability, crystallinity index and yield with narrow particle size as well 

as excellent flow property when compared with HPH NC. Further, three different dosage forms 

namely tablets, pellets and liquisolid complex employing AH NC were prepared and evaluated. 

 

3.6 Evaluation of extracted NC as a pharmaceutical excipient: 

 

3.6.1 Palatability properties: 

Same as shown in section 3.4.1 

 

3.6.2 Fourier transform infrared spectroscopy (FTIR): 

Same as shown in section 3.4.2 

 

3.6.3 Thermal properties: 

Same as shown in section 3.4.3 

 

3.6.4 X-ray diffraction (XRD): 

Same as shown in section 3.4.4 

 

3.6.5 Particle size:  

The average particle size of the nano cellulose was determined using Zetasizer Nanoseries 

Nano-ZS, Malvern Instruments, Malvern, UK. In-built dynamic light scattering, DLS, and Laser 

Doppler Electrophoresis were used for the determinations of particle size. The samples were put 

in ‘folded capillary cells’ and results obtained for size was recorded. 
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3.6.6 Transmission electron microscopy (TEM): 

TEM was performed by dropping homogenized NC suspension onto a copper grid using pipette, 

draining excessive water using filter paper followed by staining copper grid with 2 wt% uranyl 

acetate and drawing the redundant liquid using filter paper. Post which the grid was air dried at 

room temperature and then analyzed with Philips Tecnai T20 electron microscope operating at 

200K KeV. The dimensions of the imaged NC were measured from imaging at lower 

magnification from 19,000x to 50,000x. 

 

3.6.7 Yield: 

Same as shown in section 3.4.6.6 

3.6.8 Physicochemical characterization: 

 

3.6.8.1 Carr’s index (CI): 

Same as shown in section 3.4.6.1 

 

3.6.8.2 Hausner ratio (HR): 

Same as shown in section 3.4.6.2 

 

3.6.8.3 Angle of repose (AR): 

Same as shown in section 3.4.6.3 

 

3.6.8.4 Moisture Content (MC): 

Same as shown in section 3.4.6.4 

 

3.7 Formulation of glibenclamide (GLB) tablet: 

All the accurately weighed ingredients for GLB tablets were mixed properly and passed through 

sieve number 60. GLB tablets (160 mg) were manufactured using rotary press (Rimek, 

Karnavati Engineering) by direct compression technique leveraging I-optimal design 

independently for both the excipients i.e. MCC PH200 and AH-NC and comparison of responses 

was carried out between them. MCC PH200 and AH-NC as diluents (X1), starch as disintegrant 

(X2) and PVP K30 as dry binder (X3) were selected as independent variable while carr’s index 
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(CI) (R1), angle of repose (AR) (R2), hardness (R3), friability (R4), disintegration time (DT) 

(R5), and T90 (R6) were selected as the dependent variables. Multiple regression analysis and 

contour plots, which were studied to understand the effect of variables on dependent factors. 

Below Table 3.5 lists the ingredients used for the preparation of glibenclamide tablet. 

 

TABLE 3.5: Composition of glibenclamide tablet 

Ingredients Concentration (mg) 

Glibenclamide 5 

Starch 6.4 to 12.8 

PVP K30 3.2 to 16 

MCC PH200 / AH-NC 121.4 to 140.6 

Magnesim stearate 3.20 

Talc 1.60 

 

3.8 Evaluation of glibenclamide tablets: 

 

3.8.1 UV- Spectrophotometric estimation of GLB: 

 Calibration curves were plotted in 7.4 pH phosphate buffer as solvents using UV-1800 

spectrophotometer (Shimadzu) at 231 nm [199].  

 Preparation of stock solutions: 100 mg accurately weighed quantity of GLB was transferred 

to 100 ml volumetric flask. It was dissolved and the volume was made up to the mark with 

7.4 pH phosphate buffer to get the final concentration of the stock-1 solution as 1000 μg/ml 

of drug. 1 ml of the stock-1 solution was further diluted to 10 ml with the same solvent to 

obtain stock-2 solution (100μg/ml). 

 Preparation of samples for the calibration plot: Appropriate aliquots of the stock-2 solution 

of GLB (0.3, 0.6, 0.9, 1.2, 1.5, 1.8 ml) were accurately pipetted out into 10ml volumetric 

flasks and were made up to the mark with the solvent to get the final concentration of the 

drug in the range 3 – 18 μg/ml. The drug-free solvent was used as blank. Scanning was 

performed in the range 200-400 nm to determine the λmax. The absorbance of all the 

prepared solutions was obtained at λmax. The procedure was repeated in triplicate and the 
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observations were recorded. Mean value of the absorbance (n=3) were plotted graphically 

against concentration to obtain the calibration curve. 

 

3.8.2 Fourier transform infrared spectroscopy (FTIR): 

Wavelength of the spectrum recorded for the drug, by FTIR employing KBr discs on a Perkin-

Elmer FTIR spectrometer, was found in the range of 4000 to 400 cm-1. 

 

3.8.3 Thermal analysis: 

TGA & DSC were performed on thermal analyzer [DSC - 60, Shimadzu, Tokyo, Japan] to 

investigate the thermal properties of the drug. Wherein sample each weighing 20 mg were 

heated from room temperature to 300oC at a rate of 10oC/min under the influence of nitrogen. 

 

3.8.4 Assessment of  dependent variables in the I-optimal design: 

3.8.4.1 Carr’s index (CI): 

Same as shown in section 3.4.6.1 

 

3.8.4.2 Angle of repose (AR): 

Same as shown in section 3.4.6.3 

 

3.8.4.3 Hardness: 

Defined as the force required to break a tablet in diametric compression test, hardness of the 

tablets in current study was measured for three tablets using Mosanto hardness tester. Mean and 

standard deviation for the same was calculated and reported in terms of kg/cm2 [200,201]. 

 

3.8.4.4 Friability: 

Roche friability tester was used to measure friability of the tablets wherein ten tablets (Fs) were 

placed in friabilator and operated at 25 rpm for 4 min [200,201]. Post which using 250 Um mesh 

fines were removed via sieving and the fraction above 250 Um mesh (Fa) was used to calculate 

the friability of tablets by employing equation (3.7) 

  Equation 3.7 

 

100/)(  FaFaFsFriability
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3.8.4.5 Disintegration time (DT):  

USP disintegration apparatus at 50 rpm was used to calculate the disintegration time. 

Disintegration medium used was 600 ml phosphate buffer (pH 7.4), temperature maintained at 

37+/- 2oC, placing one tablet in each of the six basket tubes of the apparatus followed by addition 

of one disc to each tube. Finally the time taken for complete disintegration of each table was 

noted [200,201]. 

 

3.8.4.6 In Vitro dissolution: 

Dissolution apparatus USP Type II (Paddle type) was used to measure the release of 

glibenclamide. Where in tablet along with sinkers was added to 900 ml 0.05M, pH 7.5 phosphate 

buffer as dissolution medium, stirred at 50 rpm maintained at 37+/-0.5 oC temperature. 5 ml of 

which was replaced with same volume of fresh dissolution media at defined time intervals. The 

dissolution tests (n=3) for all batches was performed and percentage drug release calculated 

spectrophotometrically (UV-1700, Shimadz Corp, Kyoto, Japan) at 231.5 nm using a standard 

calibration curve [201, 202]. 

 

3.8.5 Weight variation:  

To calculate weigh variation, weight of an individual tablet is compared to the average of the 

batch (20 tablets in this case). Batch passes the test when no more than 2 tablets fall outside the 

percentage limit [200,201].  

 

3.8.6 Drug Content: 

Ten tablets were randomly weighed and crushed in a porcelain mortar and equivalent to 5 mg 

of crushed tablet powder was dispersed in 100 ml of phosphate buffer (pH 7.4). 1mL of resultant 

solution diluted to 100mL with phosphate buffer (pH 7.4). The supernatant was filtered through 

a whatman filter paper with pores of 0.2 mm in diameter (Sartorius, Germany) and measured 

spectrophotometrically (UV-1700, Shimadzu Corp, Kyoto, Japan) at 231nm [201,202]. 

 

3.8.7 Stability Study: 
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The stability of the formulation were conducted at 25 ± 2°C and 60 ± 5% RH for 12 months as 

per ICH guidelines. The samples were evaluated at 0, 0.5, 1, 2, 3, 6 and 12 months for Carr’s 

index, angle of repose, hardness, friability, disintegration time, and T90. [203]. 

 

3.9 Formulation of Glibenclamide (GLB) pellets: 

GLB pellets were prepared using extruder spheronizer (Cronimach Ltd, India) by applying box 

behnken design. Ingredients listed in table 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, air dried and then filled in capsule (size 3) having 

equivalent to 5 mg drug. Independent variables selected for design were Starch  (X1) , PVP K30 

(X2) , RPM (X3) whereas dependent variables in design selected were carr’s index (CI) (R1), 

angle of repose (AR) (R2), % yield (R3), particle size (R4), % CDR at 45 min (DT) (R5). 

Optimized formulation obtained for AH-NC Pellets (160 mg) was compared with MCC PH200 

pellets. Below Table 3.6 lists the ingredients used for the preparation of glibenclamide pellet. 

TABLE 3.6: Composition of glibenclamide pellets 

Ingredients Concentration (mg) 

Glibenclamide 5 

Starch 6.4 to 12.8 

PVP K30 3.2 to 16 

MCC PH200 / AH-NC 126 to 146 

Magnesim stearate 3.20 

Talc 1.60 

 

3.10 Evaluation parameters of pellets: 

 

3.10.1 Carr’s index (CI): 

Same as shown in section 3.4.6.1 

 

3.10.2 Angle of repose (AR): 

Same as shown in section 3.4.6.3 
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3.10.3 Yield: 

The yield was calculated by dividing the measured weight of pellets by the total weight of all 

non-volatile components. The % yield of pellets was calculated using the following formula 

% Yield =  Weight of pellets ÷ (Weight of drug + Weight of polymer) × 100 

 

3.10.4 Particle size analysis and morphology study: 

Particle size distribution of the pellets was determined by sieve analysis using sieve shaker 

(International combustion Ltd., London & Berly). The dried spheres were subjected to 

mechanical agitation by a sieve shaker for 10 min. The average geometric mean diameter and 

the size distribution of the pellets were calculated from the pellets size distribution data. 

Morphological characteristics of pellets were observed by scanning electron microscopy (SEM). 

SEM images were recorded using a scanning electron microscope (ESEM EDAX XL-30, 

Philips) at the required magnification. 

 

3.10.5 In Vitro drug release study: 

Dissolution apparatus USP Type II (Paddle type) was used to measure the release of 

glibenclamide from pellets. Where in capsule containing pellets, equivalent to 5 mg 

glibenclamide along with sinkers was added to 900 ml 0.05M, pH 7.5 phosphate buffer as 

dissolution medium, stirred at 50 rpm at 37+/-0.5 oC temperature. 5 ml of which was replaced 

with same volume of fresh dissolution media at defined time intervals. The dissolution test (n=3) 

for all batches was performed and percentage drug release calculated spectrophotometrically 

(UV-1700, Shimadz Corp, Kyoto, Japan) at 231.5 nm using a standard calibration curve [201, 

202]. 

 

3.10.6 Stability Study: 

Accelerated stability studies of glibenclamide pellets were conducted at 25 ± 2°C and 60 ± 5% 

RH for 6 months as per ICH guidelines. At periodic time intervals (0, 1, 3 and 6 months), the 

samples were withdrawn and analyzed for carr’s index, angle of repose, particle size and % 

CDR at 45 min.  [203] 
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3.11 Formulation of Glibenclamide (GLB) liquisolid compact: 

To formulate liquisolid compacts, glibenclamide liquid medications were prepared by 

dispersing the drug in the liquid vehicle (PEG400), with 1:9 (10%) ratio of drug to solvent. 

Then, microcrystalline cellulose and or AHNC as the carrier powder was added to the liquid 

medication, and Aerosil 200 as the coating material (with a ratio of 1: 20) was added to the 

mixture under continuous mixing in a mortar. Following mixing process, the mixture was 

supplemented with 1 %w/w magnesium stearate and talc and was kept at room temperature for 

drying. The blend was then filled in capsule (size 3) and stored in a sealed glass bottle. 

Below are several mathematical model equations (3.8-3.10) to calculate the required quantities 

of carrier (Q) and coating (q) materials for obtaining an optimum flow and maximum efficacy 

of liquisolid compacts [204]. 

                                            Lf = ΦCA + ΦCO (1/R)                                                 Equation 3.8 

                                            Q = W/Lf                                                          Equation 3.9 

                                                   q = Q/R                                                       Equation 3.10 

 

Where, Φ CA = 0.16 is the flowable liquid-retention potential of the carrier 

Φ CO = 3.31 is the flowable liquid-retention potential of the coating material. 

W = weight of the liquid medication,  

Lf = liquid load factor,  

R = coating and carrier material ratio.  

The formulation table according the above calculations is shown in result and discussion section. 

 

3.12 Evaluation of liquisolid powder: 

3.12.1 Carr’s index (CI): 

Same as shown in section 3.4.6.1 

3.12.2 Hausner ratio (HR): 

Same as shown in section 3.4.6.2 

3.12.3 Angle of repose (AR): 

Same as shown in section 3.4.6.3 
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3.12.4 Drug content: 

Powder was weighed equivalent to 5 mg glibenclamide was dispersed in 100 ml of phosphate 

buffer (pH 7.4). 1ml of resultant solution diluted to 100ml with phosphate buffer (pH 7.4). The 

supernatant was filtered through a whatman filter paper with pores of 0.2 mm in diameter 

(Sartorius, Germany) and measured spectrophotometrically (UV-1700, Shimadzu Corp, Kyoto, 

Japan) at 231nm [201,202]. 

3.12.5 In vitro dissolution: 

Dissolution apparatus USP Type II (Paddle type) was used to measure the release of 

glibenclamide release from liquisolid powder blend containing AH-NC and/or MCC PH 200. 

Where in capsule containing liquisolid powder, equivalent to 5 mg glibenclamide along with 

sinkers was added to 900 ml 0.05, pH 7.5M phosphate buffer as dissolution medium, stirred at 

50 rpm at 37+/-0.5 oC temperature. 5 ml of which was replaced with same volume of fresh 

dissolution media at defined time intervals. The dissolution tests (n=3) for all batches was 

performed and percentage drug release calculated spectrophotometrically (UV-1700, Shimadzu 

Corp, Kyoto, Japan)  at 231.5 nm using a standard calibration curve [201, 202].  

To assess and compare dissolution profiles, the similarity factor (f2) was calculated for release 

profiles of liquisolid powder contain AH-NC and MCC PH200 were compared with pure drug 

[205], as defined (3.11). 

𝑓2 = 50. log {(1 + 1/𝑛 ∑ (𝑅𝑡 − 𝑇𝑡)} − 0.5 ∗ 100
𝑛

(𝑡−1)
                                    Equation 3.11 

 

Where, n is the number of time points at which % dissolved was determined, Rt is the dissolved 

percentage of one formulation at a given time point, and Tt is the dissolved percentage of the 

formulation to be compared at the same time point. If the drug dissolution from reference and 

test formulation is similar, the similarity factor will be in between 50 and 100.  
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CHAPTER 4 

Results and Discussions 

4.1 Evaluation of extracted MCC as pharmaceutical excipient: 

In order to confirm the first hypothesis, MCC was extracted using three different acids ((H2SO4), 

(HCl) and (HNO3)) and evaluated against Avicel PH 101 as pharmaceutical excipient. 

Following topic discusses its pharmaceutical properties as compared to Avicel PH 101 in detail. 

 

4.1.1 Palatability properties of microcrystalline cellulose: 

The result of palatability properties of CH-MCC (H2SO4, HCl, HNO3) resembles closely to 

Avicel PH101 [190-192] as shown in Table 4.1.  

TABLE 4.1: Palatability properties of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3)  

 Color Odor Taste Appearance pH 

Lignin / 

Starch / 

Dextrin 

Solubility 

Avicel 

PH101 
White Odorless Tasteless 

Crystalline 

powder 
6.2±0.12 Absence 

Insoluble 

in water, 

dilute acid 

and 

organic 

solvent 

CH-MCC 

(H2SO4) 
White Odorless Tasteless 

Crystalline 

powder 
5.7±1.24 Absence 

CH-MCC 

(HCl) 
White Odorless Tasteless 

Crystalline 

powder 
6.3±0.52 Absence 

CH-MCC 

(HNO3) 
Off white Odorless Tasteless 

Crystalline 

powder 
5.8±0.84 Absence 
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4.1.2 Fourier transform infrared spectroscopy (FTIR): 

Various functional groups present in the CH-MCC (H2SO4, HCl, HNO3) were determined by 

FTIR spectroscopic and compared with the standard spectra of Avicel PH101.  

FIGURE 4.1:  FTIR spectrum of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3) 

TABLE 4.2 Specific FTIR peak of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3) 

CH-MCC (H2SO4) 

Observed cm-1 

CH-MCC (HCl) 

Observed cm-1 

CH-MCC (HNO3) 

Observed cm-1 

Avicel PH101 

Observed cm-1 

Peak 

assignment 

3440 3450 3450 3450 O-H bending 

2898 2650 2800 2678 CH2 groups 

1640 1600 1600 1645 O-H stretching 

1427 1390 1375 1425 CH2 bending 

1161 1121 1100 1163 C-O-C stretching 

830 820 800 830 C-H stretching 

 

Basis Table 4.2 and Figure 4.1, it can be confirmed that the acid hydrolysis reaction performed 

to obtain CH-MCC (H2SO4, HCl, HNO3) from corn husk does not affect the finger print region 

of the cellulosic fragments and are concordant with standard peak of Avicel PH101 reported in 

the literature [5,206-209].  

Avicel PH101 
CH-MCC (HCl) 
CH-MCC (H

2
SO

4
) 

CH-MCC (HNO
3
) 
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4.1.3 Thermal properties: 

Fig. 4.2 and 4.3 and numerical data from thermo gravimetric analysis (TGA) experiments in 

Table 4.3 confirm that CH-MCC (H2SO4, HCl, HNO3) has similar degradation patterns and 

thermal properties as Avicel PH101. Furthermore, T 5% and T 50% represent the temperatures 

for 5% and 50% mass decomposition respectively, are high and similar for CH-MCC (H2SO4, 

HCl, HNO3) as compared to Avicel PH101. W500 (%) denotes char yield at 500°C and among 

the CH MCC samples CH MCC (HNO3) has higher residual char value implying higher 

nonvolatile carbonaceous material generated on pyrolysis [210]. 

 

FIGURE 4.2: TGA of Avicel PH101 and CH-MCC (H2SO4, HCl,HNO3)  

TABLE 4.3: Thermal properties of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3) 

 T 5%  (0C) T 50% (0C) W 500 (%) 

Avicel PH101 244.07 330.75 19.113 

CH-MCC (H2SO4) 300 328 6.36 

CH-MCC (HCl) 238.57 328.93 17.21 

CH-MCC (HNO3) 252.29 339.25 18.436 

 

Avicel PH101 
CH-MCC (HCl) 
CH-MCC (H

2
SO

4
) 

CH-MCC (HNO
3
) 
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There is fair resemblance between results of differential scanning calorimetry (DSC) and 

observations from thermo gravimetric analysis (TGA). Evident from Table 4.4, onset 

decomposition temperature as well as the midpoint and inflection point temperature data for CH 

MCC (H2SO4, HCl, HNO3) are analogous. High thermal stability and high degree of crystallinity 

attribute to the high onset temperatures which further can be explained as removal of non-

cellulosic material leading to transition and reorientation in a compact crystal structure. 

All defractograms confirm sharp endothermic peak of cellulose at 330-340 oC conforming the 

fusion of its crystalline part [210]. 

 

FIGURE 4.3: DSC of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3)   

TABLE 4.4: Transition temperature of Avicel PH101 and CH-MCC (H2SO4, HCl,HNO3)   

 Onset (0C) Mid point (0C) Inflection point (0C) 

Avicel PH101 300 325 350 

CH-MCC (H2SO4) 250 325 350 

CH-MCC (HCl) 252 330 360 

CH-MCC (HNO3) 250 325 350 

 

Avicel PH101 
CH-MCC (HCl) 
CH-MCC (H

2
SO

4
) 

CH-MCC (HNO
3
) 
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4.1.4 X-Ray Diffraction (XRD):  

 

FIGURE 4.4: XRD spectra of Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3) 

X-ray diffractometry is used to measure crystallinity of cellulose samples. Diffraction spectra 

of CH MCC (H2SO4, HCl, HNO3) and Avicel PH 101 are shown in Fig 4.4. exhibiting 

diffraction pattern of cellulose I, with diffraction peaks of 2θ angles at 15o, 14.32o and 22o which 

can be matched to 101, 10I and 002 reflections, respectively [211]. Short time exposure of raw 

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

extraction explains cellulose I pattern [212]. Crystallinity index offers a quantitative measure of 

the crystallinity in powders which can allude to the strength and stiffness of fibers [213]. 

Crystallinity indices of cellulose sample (73% for CH-MCC (H2SO4), 78.02% for CH-MCC 

(HCl) and 70.1% for CH-MCC (HNO3)) are quite close to that of Avicel PH101 i.e 83 %. 

[214,215]. High crystallinity implies an ordered compact molecular structure translating to 

dense particles while low crystallinity indicates a disordered structure resulting in a more 

amorphous powder. 

Avicel PH101 
CH-MCC (HCl) 
CH-MCC (H

2
SO

4
) 

CH-MCC (HNO
3
) 
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4.1.5 Scanning electron microscopy (SEM): 

 

 

 

 

 

(A)                                                                                   (B) 

 

 

 

 

 

 

         (C)                                                                                    (D)  

FIGURE 4.5: SEM of (A) CH-MCC (H2SO4) (B) CH-MCC (HCl) (C) CH-MCC (HNO3) and (D) Avicel PH101 

As shown in Fig. 4.5 the morphology of CH-MCC (H2SO4, HCl, HNO3) after acid, alkali and 

bleaching reveals  sharper edges, crystalline structure with individualized uniform fibers 

correlating with the spectroscopic evidence of removal of hemicellulose and lignin – the 

cementing material around the fiber bundles - which is comparable to Avicel PH101 [216-219]. 

 

4.1.6 Physicochemical characteristics: 

The physicochemical properties of the CH-MCC (H2SO4, HCl, HNO3) and Avicel PH101 are 

presented in Table 4.5, confirming there is no significant difference between their bulk and tap 

densities.  
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TABLE 4.5: Physicochemical properties – Avicel PH101 and CH-MCC (H2SO4, HCl, HNO3)  

 
BD 

(gm/ml) 

TD 

(gm/ml) 

CI 

(%) 

HR 

 

AR 

(θ) 

MC 

(%) 

Particle 

size 

(µm) 

Yield 

(%) 

limit 

test for 

ions 

Avicel 

PH101 

0.38 ± 

0.03 

0.45 ± 

0.02 

14.88 

± 

8.21 

1.18 

± 

0.01 

33.45 

± 

1.31 

4.06 

± 

0.53 

50 - - 

CH-MCC 

(H2SO4) 

0.36 ± 

0.01 

0.45 ± 

0.02 

19.63 

± 

0.88 

1.24 

± 

0.03 

36.25 

± 

1.51 

4.33 

± 

0.70 

55 39.3 
SO4

-  

Present 

CH-MCC 

(HCl) 

0.40 ± 

0.04 

0.48 ± 

0.07 

16.86 

± 

3.59 

1.20 

± 

0.05 

34.43 

± 

4.90 

4.18 

± 

0.75 

51 42.33 
Cl- 

Absent 

CH-MCC 

(HNO3) 

0.38 ± 

0.03 

0.47 ± 

0.04 

18.60 

± 

0.84 

1.23 

± 

0.01 

35.92 

± 

1.52 

4.30 

± 

0.54 

53 40.33 
NO3

- 

Present 

 

Bulk density indicates the ability of a material to flow from a hopper into the die cavity of a 

rotary tablet compression machine and tap density indicates how well powder can be packed in 

a restricted space on repetitive tapping. Higher bulk and tapped densities generally imply better 

potential of the material to flow and re-arrange under compression. Thus it can be concluded 

that CH-MCC (H2SO4, HCl, HNO3) have better flow properties [220]. The Carr's 

compressibility and Hausner indices were estimated as the ratios of the difference between 

tapped and bulk densities. While Carr’s index indicates the quantity of powder that can be 

compressed, Hausner’s index measures/estimates cohesion between particles. Both of which are 

inversely proportional particle flow [193,221]. In the present study, indices for CH-MCC 

(H2SO4, HCl, HNO3) are approximately in the range 14.88 to 19.63 (fair-good flowability). 

But in case of hausner ratio, value of CH-MCC (H2SO4, HCl, HNO3) lie in between 1.18 to 1.24 

(fair-good flowability).Thus confirming that Hausner ratio values are consistent with those of 

carr’s index. The angle of repose, which is a qualitative measure of its internal and cohesive 

frictions, for CH-MCC (H2SO4, HCl, HNO3) lie in between 33 to 37 (fair-good flow), which is 

also consistent with the above results [194].  

The moisture contents observed for CH MCC (H2SO4, HCl, HNO3) fall inside the acceptable 

limits of 5%-7% [222]. 
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The yield of CH-MCC (H2SO4, HCl, HNO3) falls in the range of 39-42% w/w which is quite 

enough to simulate large-scale industrial production of MCC from corn husk. 

HCl treated corn husk sample is able to clear the limit test for ion while other two shows the 

presence of ion implying they fail the test. 

Concluding Note:  

CH-MCC (HCl) is accepted as it passes the limit test. The appearance was excellent with good 

powder properties, good crystallinity with adequate particle size and satisfactory % yield as 

compared to CH-MCC (HNO3) and CH-MCC (H2SO4). Therefore CH-MCC (HCl) is the final 

product that will be utilized for further production of nano cellulose (NC). 

 

4.2 Evaluation of extracted NC as pharmaceutical excipient: 

 

4.2.1 Identifying the Quality targeted product profile (QTPP) and Critical quality 

attributes (CQAs): 

Tables 4.6 and 4.7 lists the QTPPs and CQAs identified basis on pilot experiments. Post 

determining QTPPs and CQAs next step was to identify critical process parameters (CPPs) using 

risk estimation matrix (REM), which represents the potential risks associated with each process 

parameter that has a profound effect on CQAs. The relative risk that each product components 

present was ranked as high, medium, or low. Those attributes that could have a high impact on 

the product CQAs warranted further investigation whereas those attributes that had low impact 

on the product CQAs required no further investigation. The same relative risk ranking system 

was used throughout the pharmaceutical development as summarized in Table 4.8. 

TABLE 4.6: QTPPs of the NC produced by the AH and HPH  

QTPP Target Justification 

Direct compressible 

material 

Direct 

compressible 

Cellulose is one of the most commonly used excipient 

in the tablets and while direct compression is a simple, 

fast method, it is usable for active ingredients that are 

moisture sensitive. 
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Physical attributes: 

Color, Odor and 

Appearance 

Acceptable 

to consumer 

Color, odor and appearance are non-critical, as these do 

not link directly to patient efficacy and safety 

Powder rheology 

attributes 
Good flow 

Better flow properties streamline industrial operability 

of the powder 

Particle Size 
Smaller 

particles 

Smaller particles retain better powder rheology 

parameters simplifying direct tablet manufacture which 

avoids the long process of granulation. 

Yield 100% 
From production point of view yield is critical and 

hence should be 100%. 

 

TABLE 4.7: Critical quality attributes for the NC produced by the AH and HPH 

 

Quality attributes of the 

product 

Target Is it 

CQA 

Justification 

Physical attributes: 

Color, Odor and 

Appearance 

Acceptable to 

consumer 

 

No 

Since color, odor and appearance 

are not directly linked to patient 

efficacy and safety they are non-

critical to current study. 

Particle size 
<100 to 500 

nm 
Yes 

Considered highly critical as it 

directly reflects the homogeneity, 

flow and disintegration of dosage 

form. 

Yield 100% Yes 

From production point of view 

yield is critical and hence should 

be 100%. 

Angle of Repose 25-40 Yes Rheology attributes of the 

powder are defined by angle of 

repose, carr's index and hausner's 

ratio which in turn confirm the 

suitability of particles for direct 

compression. 

Carr’s Index 1-25 Yes 

Hausner ratio 1.00-1.34 Yes 
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TABLE 4.8: Overview of relative risk ranking system 

Low Largely acceptable risk. Further investigation not required. 

Medium Risk is accepted. Further investigation may be warranted in order to lower the risk 

High Risk is unacceptable. Further investigation highly warranted to reduce the risk. 

 

4.2.2 Risk assessment to identify variables affecting drug product quality: 

Overall risk assessment for the extraction of NC was performed to determine which process 

parameters have high impact risk on the product CQAs. Ishikawa fish-bone diagram as shown 

in Fig. 4.6 was created to establish the potential cause-effect relationship between the product 

and process variables employing Minitab 17 software (M/s Minitab Inc., Philadelphia, PA). The 

results of which are presented in Table 4.9. Each component with high impact risk to the product 

CQAs was further evaluated in subsequent risk assessments to determine which process 

variables need to be studied to lessen the risk. 

 

FIGURE 4.6: Ishikawa diagram for production of NC 
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TABLE 4.9: Initial risk assessment to identify variables affecting product quality 

Process variables Product CQAs for AH 

 Particle size Yield Powder flow Physical attributes 

Reaction time High High Medium Low 

Acid concentration High High Medium Low 

 Product CQAs for HPH 

 Particle size Yield Powder flow Physical attributes 

Pressure High High Medium Low 

Number of passes High High Medium Low 

Risk assessment study confirmed that the production of NC was affected by concentration of 

acid and reaction time for AH where as in case of HPH it was pressure and number of passes. 

4.2.3 Optimization of formulation using 32 Factorial Design: 

FDA and ICH guidelines stress the importance of systemic formulation approach. In the current 

study, effects of selected independent variables on dependent variables were assessed by 

employing a two factor, three level factorial design. The two independent variables such as 

reaction time (X1) and concentration of acid (X2) for AH whereas pressure (X1) and no of passes 

(X2) for HPH were selected on the basis of the preliminary studies. Particle size and yield were 

selected as dependent variables (Y1 and Y2) for both the method. Given below is the polynomial 

equation for 32 factorial design. 

Y0 = β0 + β 1 X1 + β 2 X2 + β 12 X1 X2 + β 11 X1
2 + β 22 X2 

where, Yo is the dependent variable; β o is the intercept; β 1 and β 2  are the regression coefficients 

computed from the observed experimental values of Y and X1, X2 are the coded levels of 

independent variables. Levels and constraints for independent and dependent variables were 

kept or controlled as seen in Table 4.10 and design for experiment with their observed responses 

can be seen in Table 4.11. 
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TABLE 4.10: Independent and dependent variables with their levels and constraints 

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 Number of Passes 5 10 15 

TABLE 4.11: Design of experiments and results of observed responses 

Acid Hydrolysis (AH) 

Batch X1 X2 Y1 Y2 

F1 30 0.5 1461 84 

F2 30 1 972.9 80 

F3 30 1.5 683.6 78 

F4 45 0.5 1267 82 

F5 45 1 872 83 

F6 45 1.5 544.8 77 

F7 60 0.5 1189 79 

F8 60 1 724.6 78 

F9 60 1.5 444.8 75 

High Pressure Homogenization (HPH) 

Batch X1 X2 Y1 Y2 

F1 22000 5 1587 87 

F2 22000 10 985.2 83 

F3 22000 15 828.3 84 

F4 24000 5 1318 81 

F5 24000 10 941.4 78 
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F6 24000 15 394 80 

F7 26000 5 1098 85 

F8 26000 10 888 76 

F9 26000 15 332 77 

4.2.4 Selection of model and ANOVA for AH and HPH: 

Various models, such as linear, two factor interactions (2FI), quadratic and cubic were fitted for 

three simultaneous responses using Design Expert® software version 7. Analysis of variance 

(ANOVA) test was used to draw conclusions. The multiple correlation coefficient (R2), adjusted 

multiple correlation coefficient (adjusted R2) and the predicted residual sum of square (PRESS) 

were used for selection of models. The lack of fit analysis as shown in Table 4.12 favored linear 

model as appropriate choice for AH method and linear/quadratic model for HPH method given 

their respective Y1 and Y2 responses.  

TABLE 4.12: Lack of fit analysis for model selection 

AH 

Y1 

Source P Value R² Adjusted R² Predicted R² PRESS  

Linear < 0.0001 0.9848 0.9797 0.9630 35151.97 Suggested 

2FI 0.7678 0.9851 0.9761 0.9172 78613.14  

Quadratic 0.0619 0.9977 0.9938 0.9800 18947.96  

Cubic 0.8767 0.9982 0.9856 0.6726 3.109E+05 Aliased 

Y2 

Linear 0.0120 0.7714 0.6951 0.6213 26.60 Suggested 

2FI 0.5894 0.7856 0.6570 0.4888 35.90  

Quadratic 0.3021 0.9035 0.7426 0.1918 56.76  

Cubic 0.8963 0.9225 0.3797 -13.1301 992.25 Aliased 

HPH 

Y1 

Linear 0.0002 0.9402 0.9203 0.8603 1.775E+05 Suggested 

2FI 0.9775 0.9402 0.9044 0.7183 3.579E+05  

Quadratic 0.8146 0.9479 0.8610 0.3847 7.818E+05  
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Cubic 0.2853 0.9958 0.9661 0.2269 9.823E+05 Aliased 

Y2 

Linear 0.0757 0.5769 0.4359 -0.0461 120.88  

2FI 0.4311 0.6310 0.4096 -1.1246 245.51  

Quadratic 0.1056 0.9175 0.7801 0.0234 112.86 Suggested 

Cubic 0.2700 0.9940 0.9519 -0.0953 126.56 Aliased 

Statistical analysis results confirmed that the independent variable X1 and X2 had significant 

effect on dependent variables (p < 0.05) as shown in Table 4.13. Summary of regression analysis 

for dependent variable Y1 and Y2 is as shown in Table 4.14 

TABLE 4.13: Analysis of variance for dependent variable 

ANOVA for dependent variables in AH 

Y1 Particle size 

Source Sum of Squares df Mean Square F-value Coefficient p-value 

Model 9.351E+05 2 4.676E+05 194.06  < 0.0001 

X1  96038.80 1 96038.80 39.86 -126.52 0.0007 

X2  8.391E+05 1 8.391E+05 348.26 -373.97 < 0.0001 

Residual 14456.39 6 2409.40    

Cor Total 9.496E+05 8     

Y2 Yield 

Model 54.17 2 27.08 10.12  0.0120 

X1  16.67 1 16.67 6.23 -1.67 0.0468 

X2  37.50 1 37.50 14.01 -2.50 0.0096 

Residual 16.06 6 2.68    

Cor Total 70.22 8     

ANOVA for dependent variables in HPH 

Y1 Particle size 

Model 1.195E+06 2 5.973E+05 47.19  0.0002 

X1  1.953E+05 1 1.953E+05 15.43 -180.42 0.0077 

X2  9.994E+05 1 9.994E+05 78.95 -408.12 0.0001 

Residual 75944.17 6 12657.36    
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Y2 Yield 

Model 106.03 5 21.21 6.68  0.0745 

X1 42.67 1 42.67 13.43 -2.67 0.0351 

X2 24.00 1 24.00 7.56 -2.00 0.0708 

X1X2 6.25 1 6.25 1.97 -1.25 0.2552 

X1² 10.89 1 10.89 3.43 2.33 0.1612 

X2² 22.22 1 22.22 7.00 3.33 0.0773 

Residual 9.53 3 3.18    

 

TABLE 4.14: Summary of regression analysis for dependent variable 

Regression analysis for AH 

Y1 

SD Mean %CV PRESS R² Adjusted R² Predicted R² Precision 

49.09 906.63 5.41 35151.97 0.987 0.979 0.963 35.32 

Y2 

1.64 79.56 2.06 26.6 0.7714 0.6951 0.6213 8.8235 

Regression analysis for HPH 

Y1 

112.5 930.21 12.09 1.78E+05 0.9402 0.9203 0.8603 18.1213 

Y2 

1.78 81.22 2.19 112.86 0.9175 0.7801 0.0234 6.4715 

 

Equations for dependent variables in Table 4.15 for AH and HPH confirmed that negative sign 

before a coefficient in polynomial equation indicates negative impact of acid concentration and 

reaction time on particle size and yield. 

TABLE 4.15: Polynomial equation of dependent variables for AH and HPH 

Acid Hydrolysis 

Y1 Full model equation: 844.46-126.51X1-373.96X2+8.3X12+18.05X1
2+75.2X2

2 

Reduced Model Equation: 844.46-126.51X1-373.96X2 

Y2 Full model equation: 81.44-1.66X1-2.5X2-0.5X12-1.66X1
2-1.16X2

2 

Reduced Model Equation: 81.44-1.66X1-2.5X2 
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High Pressure Homogenization 

Y1 Full model equation: 892.45-180.47X1-408.11X2-1.82X12+68.61X1
2-11.98X2

2 

Reduced Model Equation: 892.45-180.47X1-408.11X2 

Y2 Full model equation: 77.44-2.66X1-2X2-1.25X12+2.33X1
2+3.33X2

2 

Reduced Model Equation: 77.44-2.66X1-2X2 

 

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

was detected while lower number of passes and pressure delivered broader particle size and 

higher yield. The results were also plotted contour plots as shown in Fig. 4.7  

 

 

                (A) 
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                                                          (B) 

 

                                  (C) 
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                                                                                        (D) 

FIGURE 4.7: Influence of acid concentration and reaction time on A) particle size B) yield, Influence of number 

of passes and pressure on C) particle size D) yield 

4.2.5 Optimization data analysis and validation of optimization model: 

The overlay plot was constructed considering constraint for responses as shown in Fig. 4.8. To 

establish the validity of model check point batch was prepared as shown in Table 4.16, which 

confirms the good predictability of the model. The best batch was selected considering the 

required narrow particle size and higher yield. 

TABLE 4.16: Results of check point batch of AH and HPH 

 Dependent variables Theoretical value Practical value 

For AH 

X1=45 mins, X2=1.5 N 

Y1 526.264 544.8 

Y2 76.9712 77 

For HPH 

X1=22000 PSI, X2=10  

Y1 947.38 985.2 

Y2 82.67 83 
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                            (A)

 

                                      (B) 

FIGURE 4.8: Overlay plot for (A) AH and (B) HPH 



Chapter 4                                                                                                 Results and Discussions 

 

67 
 

4.2.6 Evaluation of optimized batch of NC as pharmaceutical excipient: 

 

4.2.6.1 Palatability properties of NC: 

The result of palatability properties of AH-NC and HPH-NC resembles closely to Avicel 

PH101 [190-192] as shown in Table 4.17.  

TABLE 4.17: Palatability properties of Avicel PH101 and AH-NC, HPH-NC  

 Color Odor Taste Appearance pH Solubility 

Avicel 

PH101 
White Odorless Tasteless 

Crystalline 

powder 
6.2±0.20 insoluble in 

water, dilute 

acid and 

organic 

solvent 

AH-NC White Odorless Tasteless 
Crystalline 

powder 
5.1±0.27 

HPH-NC White Odorless Tasteless 
Crystalline 

powder 
5.8±0.58 

 

4.2.6.2 Fourier transform infrared spectroscopy (FTIR): 

Spectrum of optimized batch of AH-NC, HPH-NC and Avicel PH101 of FT-IR is shown in Fig. 

4.9. Basis FTIR spectra it can be confirmed that all finger print peaks of isolated NC are in 

agreement with standard peaks of other celluloses as reported in the literature. NC manufactured 

using AH and HPH confirmed IR spectra similar to marketed cellulose Avicel PH101 

 

FIGURE 4.9: FTIR spectrum of Avicel PH101, AH-NC and HPH-NC 

Typically, the absorption bands around 3400, 1430, 1370 and 890 cm-1 are ascribed to cellulose 

[5]. The broad absorption at 3400-3600 cm-1 can be attributed to the stretching vibration of - 

OH groups [206] and the absorption at 2920 cm-1 to the C-H stretching vibration [207]. The 
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bending mode of water molecule due to strong interaction between water and cellulose explains 

the peak at 1645 cm-1 [208]. Rest of the adsorption peaks are mainly due to intermolecular 

hydrogen attraction with 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. Absence of aromatic C-H out-of-plane bending 

vibration in lignin at 828 cm-1 [209] confirms complete removal of lignin due to chemical 

pretreatment. 

 

4.2.6.3 Thermal properties: 

Thermo gravimetric analysis (TGA) and differential scanning calorimetry (DSC) were 

performed to ascertain the thermal stability of optimized batch of AH-NC and HPH-NC.  

 

FIGURE 4.10: TGA of Avicel PH101, AH-NC and HPH-NC 

Thermograms in Fig. 4.10 reveal similar degradation patterns among Avicel PH 101, AH-NC 

and HPH-NC. Also in context to T5%, T50% and W500% the TGA profiles of Avicel PH 101, AH-

NC and HPH-NC are similar as shown in table 4.18. T 5% and T 50% correspond to the 

temperatures at which decomposition of 5% and 50% mass happens respectively while W500 (%) 

indicates char yield. Evaporation of loose bound free water on the surface as well as removal of 

protective waxes and lignin layers from fiber explain initial weight loss. Lower residual char 
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value at 500°C for AH-NC and HPH-NC exhibit lower amounts of residual solids pointing to 

the absence of hemicellulose or lignin [210]. 

TABLE 4.18: Thermal properties for Avicel PH101, AH-NC and HPH-NC 

 T 5%  (0C) T 50% (0C) W 500 (%) 

Avicel PH101 244.07 330.75 19.113 

AH-NC 229.51 318.69 15.23 

HPH-NC 200.69 326.58 6.1 

 

 

FIGURE 4.11: DSC of Avicel PH101, AH-NC and HPH-NC  

As shown in Fig. 4.11, TGA observations and DSC results align fairly with each other. Onset 

decomposition temperature as well as the midpoint and inflection point temperature data for all 

the samples are analogous as seen in Table 4.19. High thermal stability and high degree of 

crystallinity attribute to the high onset temperatures which further can be explained as removal 

of non-cellulosic material leading to transition and reorientation of cellulose in a compact crystal 

structure. All the thermograms reveal sharp endothermic peak at 330-340 oC for cellulose 

confirming the fusion of its crystalline part which further can be ascribed to the high degree of 

crystallinity of the celluloses [210]. 
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TABLE 4.19: Transition temperature of Avicel PH101, AH-NC and HPH-NC 

 Onset (0C) Mid point (0C) Inflection point (0C) 

Avicel PH101 270 340 370 

AH-NC 290 330 350 

HPH-NC 290 340 350 

 

4.2.6.4 X-Ray Diffraction (XRD): 

 

FIGURE 4.12: XRD spectra of Avicel PH101, AH-NC and HPH-NC 

X-ray diffractometry is used to measure crystallinity of optimized batch of AH-NC and HPH-

NC. Diffraction spectra of AH-NC, HPH-NC and Avicel PH 101 are shown in Fig. 4.12 with 

diffraction peaks of 2θ angles at 15o, 14.32 oC and 22 oC which can be matched to 101, 10I and 

002 reflections, respectively [211] which confirms the presence of cellulose I in all samples 

produced from corn husk. Short time exposure of raw materials to low concentration of sodium 

hydroxide solution (8% NaOH) during cellulose extraction [212] explains cellulose I pattern 

[212].  Crystallinity index offers a quantitative measure of the crystallinity in powders which 

alludes to the strength and stiffness of fibers [213]. Crystallinity indices of cellulose samples 

(86.55% for Avicel PH101, 83.15% for AH-NC and 83.15% for HPH-NC) used in present study 

are similar to the ones reported in other studies for MCC [214,215]. High crystallinity implies 
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an ordered compact molecular structure translating to dense particles while low crystallinity 

indicates a disordered structure resulting in a more amorphous powder. 

 

4.2.6.5 Particle size:  

The average particle size of optimized batch of NC produced by AH and HPH was found to be 

985.2 nm and 544.8 nm respectively as shown in Fig. 4.13. The attainable particle size is 

dependent on the acid concentration and time for AH whereas number of passes and pressure 

for HPH [223-225]. 

 

(A)                                                                  (B) 

FIGURE 4.13: Particle size of (A) AH-NC (B) HPH-NC 

4.2.6.6 TEM: 

As shown in Fig. 4.14 needle shaped particles are observed for optimized batch of AH-NC and 

HPH-NC. It can be inferred that the extraction methods influence the morphology and size 

distribution of NC. AH and HPH are able to dissolve most of the amorphous region by 

effectively breaking down the strong hydrogen bonds of native fibers [223-225]. 

 

FIGURE 4.14: TEM image of (A) AH-NC (B) HPH-NC 
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4.2.7 Updated risk assessment of optimized batch: 

During process development CPPs having high risks were addressed. Defined Experimental 

studies were executed in order to ascertain additional scientific knowledge and understanding, 

allow appropriate controls to be developed and implemented, and to reduce the risk to an 

acceptable level. After detailed experimentation, the initial manufacturing process risk 

assessment was updated in-line with the current process understanding. Table 4.20 shows 

updated risk assessment to identify variables affecting drug product quality 

TABLE 4.20: Updated risk valuation of variables to product 

Process variables Product CQAs for AH 

 Particle size Yield Powder flow Physical attributes 

Reaction time Low Low Low Low 

Acid concentration Low Low Low Low 

 Product CQAs for HPH 

 Particle size Yield Powder flow Physical attributes 

Pressure Low Low Low Low 

Number of passes Low Low Low Low 

 

4.2.8 Powder flow : 

Investigation of powder flow properties of optimized batch confirmed that as compared to initial 

material NC stands out with far better flow properties which in turn reduces the amount of 

additives in final formulation thus easing the direct compression tableting. Table 4.21 

summarizes the improvements in powder rheological properties. 

TABLE 4.21: Improvements in the powder flow properties 

 CI HR AR MC 

Flow 

property 

[193,194] 

CH powder 22.42±0.27 1.26±0.69 35.4±0.18 6.37±1.24 Passable 

Avicel PH101 14.88 ± 8.21 1.18 ± 0.01 33.45 ± 1.31 4.06 ± 0.53 Good 

AH-NC 14±0.51 1.16±0.47 31.3±0.38 4.61±0.55 Good 

HPH-NC 18.3±0.36 1.22±0.29 32.24±0.81 4.84±1.02 Fair 
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4.2.9 Control strategy: 

The control strategy is “a planned set of controls, derived from current process understanding 

guaranteeing process performance and product quality. Factors and attributes related to process 

parameters, equipment operating conditions, in-process controls, finished product 

specifications, and the associated methods and frequency of monitoring and control can be 

included in the controls.” The control strategy is an integrated overview of how quality is 

assured based on current process knowledge. The control strategy for NC is result of extensive 

process understanding studies. These studies investigated the process parameters that were 

deemed high risk to the CQAs of the drug product during the initial risk assessment. Through 

these systematic studies, the CPPs were identified and the acceptable operating ranges were 

established. The control strategy may be further refined based on additional experience gained 

during the commercial lifecycle of the product. Table 4.22 summarizes the proven acceptable 

ranges for each critical process parameters in the production of NC.  

TABLE 4.22: Acceptable values for each critical process parameters 

AH 

Factor Range studied Set point for verification batch 

Reaction time 45-48 47.18 

Acid concentration 1.4-1.5 1.5 

HPH 

Pressure 22000-26000 22000 

No of passes 5-15 10 

 

Concluding Note: 

The current study validates the applicability of QbD for production of nanocellulose by 

processing cellulose procured from recycling corn husk. The chosen model aids in visualizing 

the influence of the CPPs in context to CQAs. In order to save on time of runs for the batches, 

use of reactants, electricity and skilled labor factorial design was leveraged. NC prepared by 

both methods exhibited analogous results in instrumental analysis (FTIR, DSC, TGA, XRD and 

TEM) and physicochemical characterization (Carr’s Index, Hausner’s Ratio, Particle size and 

% Yield). Batch F6 for AH and F2 for HPH were selected as best batch because particle size 

and yield were within the limits. Since NC can be produced by acid hydrolysis without 
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implementing modern equipment (such as high pressure homogenizer) it eliminates the possible 

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

effective and has superior flow properties (which compliments high speed tablet process), we 

favor hydrolysis of cellulose using a dilute acid for production of NC as preferred method of 

choice for large scale production between the two. 

 

4.3 Application of NC as an excipient in tablet dosage form using 

glibenclamide as model drug 

Given that attributes of diluents play critical role to increase bulk of formation and also to bind 

other inactive ingredients with the active pharmaceutical ingredients (API) they highly influence 

the quality of tablets. And with Glibenclamide (GLB) being a low dose API requires large 

fraction of diluent implying attributes of diluents such as MCC PH 200 and AH-NC are even 

more critical. The current study corroborates with the usage of AH-NC as better direct 

compressible vehicle for formulation design and product development as compared to MCC PH 

200 basis powder flow properties of both diluents. We are hopeful that this work will ignite 

more research and faith towards usage of natural excipients extracted from agricultural wastes 

in solid oral dosage forms. 

4.3.1 Calibration curve of GLB in 7.4 pH phosphate buffer: 

Calibration curves were plotted in 7.4 pH phosphate buffer at 231 nm in the concentration 

range of 3-15 μg/ml of glibenclamide. UV absorption spectrum of glibenclamide showed 

λmax at 231 nm [199, 226] as shown in Fig. 4.15 and data obtained for calibration curve is 

shown in Table 4.23. 

 

FIGURE 4.15: Scanning of glibenclamide in 7.4 pH phosphate buffer 
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TABLE 4.23: Calibration curve data of GLB in 7.4 pH phosphate buffer 

Concentration (μg/ml) Absorbance at 231nm (Mean ± SD)* 

0.0 0.000 

3.0 0.212 ± 0.008 

5 0.311 ± 0.013 

7 0.424 ± 0.006 

9 0.546 ± 0.010 

11 0.637 ± 0.013 

13 0.732 ± 0.011 

15 0.771 ± 0.010 

*Indicates average of three determinations 

 

FIGURE 4.16: Calibration curve of glibenclamide in 7.4 pH phosphate buffer 

A calibration curve was constructed by plotting absorbance vs. concentration in μg/ml as shown 

in Fig. 4.16 and regression equation was found to be y = 0.0522x + 0.0428 with regression 

coefficient 0.9863 

4.3.2 Fourier transformed infrared (FTIR) spectroscopy: 

Spectrum of GLB and physical mixture of GLB with excipients is shown in Fig. 4.17. GLB 

shows carbonyl stretching at 1712.67 cm-1. Symmetrical and asymmetrical sulfonyl stretching 

at 1161.07 and 1344.29 cm-1 respectively, and amide stretching at 3315.41 and 3365.55 cm-1. 

Comparison of functional group peaks of GLB and physical mixture revealed that there were no 
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major changes detected for characteristic peaks confirming the absence of interaction between 

drug and the excipients [227-231]. 

 

(A) 

 

(B) 

FIGURE 4.17: FTIR of (A) GLB and GLB + MCC PH200 and (B) GLB and GLB + AH-NC 
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4.3.3 Differential scanning calorimetry (DSC): 

DSC thermograms of GLB and physical mixture of GLB with other excipients are compared as 

shown in Fig. 4.18. GLB thermogram reveals sharp endothermic peak at 175.58oC. 

Characteristic peak of GLB in physical mixture containing MCC PH200 was detected at 175.22 

oC while for the mixture containing AH-NC it’s detected at 175.23 oC which confirms no major 

changes in characteristic peaks validating the compatibility between drug and excipients used 

in the formulation [228-232]. 

 

(A) 

 

(B) 
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           (C) 

FIGURE 4.18: DSC of (A) GLB (B) GLB + AH-NC and (C) GLB + MCC PH200  

4.3.4 Design of Experiment: 

To demonstrate the application and proof of performance of the prepared nanocellulose (NC) in 

the pharmaceutical formulation, design of experiment (DoE) was used. In the present 

investigation, I-optimal design was chosen, which is a subset of mixture design and was applied 

separately for both excipients i.e. MCC PH200 and AH-NC. Glibenclamide was chosen as a 

model drug for the preparation of tablets by direct compression. Independent variables identified 

were MCC PH200 or/ and AH- NC as diluent (X1), starch as disintegrant (X2) and PVP K30 as 

dry binder (X3) whereas dependent variables identified were carr’s index (CI)(R1), angle of 

repose (AR) (R2), hardness (R3), friability (R4), disintegration time (DT) (R5) and T90 

(R6).The ranges of the independent variables were chosen based on the results of the preliminary 

studies in our laboratory.  The design layout and observed responses for the I-optimal design 

using MCC PH 200 and AH-NC are shown in Table 4.24 and 4.25. Other evaluation parameters 

related to tablet are shown in Table 4.26. The total tablet weight was 160 mg in which the 

amount of glibenclamide, magnesium stearate and talc used per tablet were 5 mg, 2 and 1 % 

w/w respectively.  
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TABLE 4.24:  Layout and observed responses of GLB tablet using MCC PH200 

 

 

 

 

 

 

 

No 
X1 

(%) 

X2 

(%) 

X3 

(%) 
R1 (%)* R2 (ɵ) * 

R3 

(kg/cm2) * 

R4 

(%) 
R5 (Sec) ** 

 

R6 (Min)** 

1 6.35 2.00 85.52 13.31 ± 3.62 35.27 ± 1.44 4.90 ± 0.36 0.47 295.17 ± 1.94 26.72 ± 0.13 

2 8.00 5.79 80.08 12.29 ± 7.03 31.48 ± 5.33 3.53 ± 0.42 0.92 57.33 ± 4.63 22.72 ± 0.32 

3 4.61 5.63 83.63 9.06 ± 3.81 34.67 ± 4.53 4.77 ± 0.38 0.89 168.00 ± 1.26 26.68 ± 0.33 

4 4.00 2.00 87.87 13.42 ± 6.05 33.72 ± 0.88 4.83 ± 0.21 0.56 172.67 ± 1.75 41.44 ± 0.13 

5 6.18 6.01 81.68 8.52 ± 1.62 34.34 ± 1.38 4.73 ± 0.31 0.77 185.17 ± 1.47 17.16 ± 0.10 

6 6.35 7.65 79.87 9.48 ± 1.48 34.54 ± 3.66 4.40 ± 1.06 0.56 140.83 ± 1.47 20.22 ± 0.32 

7 6.18 6.01 81.68 8.00 ± 3.17 34.07 ± 4.45 4.87 ± 0.23 0.76 185.17 ± 1.41 15.43 ± 0.33 

8 8.00 2.29 83.58 17.84 ± 6.67 32.03 ± 0.81 3.30 ± 0.70 0.75 150.83 ± 2.07 21.33 ± 0.11 

9 4.00 3.98 85.89 10.84 ± 8.15 34.21 ± 5.27 4.27 ± 0.31 0.88 147.00 ± 2.07 40.78 ± 0.32 

10 4.61 5.63 83.63 9.06 ± 3.81 35.92 ± 1.52 4.80 ± 0.20 0.8 168.33 ± 1.90 21.47 ± 0.33 

11 4.61 5.63 83.63 9.06 ± 3.81 35.92 ± 1.52 4.67 ± 0.15 0.89 168.33 ± 1.63 20.33 ± 0.24 

12 4.00 10.0 79.87 16.50 ± 4.42 37.66 ± 2.14 4.53 ± 0.06 0.7 42.00 ± 2.66 32.33 ± 0.28 

13 4.00 7.95 81.92 11.83 ± 1.82 36.56 ± 1.02 4.33 ± 0.42 0.93 82.33 ± 2.42 36.8 ± 0.31 

14 6.35 2.00 85.52 13.83 ± 1.87 35.27 ± 1.44 4.47 ± 0.23 0.47 294.67 ± 2.66 23.23 ± 0.35 

15 8.00 4.06 81.81 14.33 ± 1.70 31.48 ± 5.33 3.63 ± 0.15 0.92 123.67 ± 2.42 36.25 ± 0.39 

16 6.35 7.65 79.87 9.42 ± 1.05 34.62 ± 0.92 4.60 ± 0.20 0.66 140.83 ± 1.72 39.06 ± 0.43 

Independent variables (0) Low (1) High 

X1 : % Starch 4 8 

X2: % PVP K30 2 10 

X3 : % MCC PH200 79.87 87.87 

∗Average of three determinations, ∗∗an average of six determinations. 
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TABLE 4.25:  Layout and observed responses of GLB tablet using AH-NC 

No 
X1 

(%) 

X2 

(%) 

X3 

(%) 
R1 (%)* R2 (ɵ) * 

R3 

(kg/cm2) * 

R4 

(%) 
R5 (Sec) ** 

T90 

R6 (Min)** 

1 6.35 2.00 85.52 5.25 ± 2.06 33.72 ± 0.88 5.23 ± 0.21 0.81 254.00 ±3.03 26.60 ± 0.33 

2 8.00 5.79 80.08 11.94 ±0.93 31.25 ± 0.77 3.20 ± 0.20 0.46 47.62 ± 1.68 43.84 ± 0.48 

3 4.61 5.63 83.63 6.41 ± 1.39 32.03 ± 0.81 5.00 ± 0.10 0.86 163.44 ±3.22 35.56 ± 0.33 

4 4.00 2.00 87.87 9.26 ± 2.86 31.05 ± 1.89 5.73 ± 0.31 1.09 169.17 ±1.47 27.77± 0.13 

5 6.18 6.01 81.68 5.81 ± 2.17 34.62 ± 0.92 4.20 ± 0.20 0.65 279.17 ±1.72 35.00 ± 0.10 

6 6.35 7.65 79.87 7.03 ± 0.34 32.27 ± 3.61 5.27 ± 0.31 0.61 131.75 ±1.08 43.53 ± 0.32 

7 6.18 6.01 81.68 10.11 ±4.06 33.45 ± 1.31 6.40 ± 0.87 0.65 175.00 ±0.63 35.00 ± 0.42 

8 8.00 2.29 83.58 7.89 ± 8.66 31.73 ± 3.60 3.13 ± 0.99 0.64 140.82 ±0.92 34.77 ± 0.11 

9 4.00 3.98 85.89 8.38 ± 3.96 30.52 ± 1.48 4.20 ± 0.20 0.99 263.00 ±1.79 28.00 ± 0.42 

10 4.61 5.63 83.63 7.46 ± 2.87 35.27 ± 1.44 5.00 ± 0.10 0.86 163.86 ±2.48 35.56 ± 0.33 

11 4.61 5.63 83.63 7.46 ± 2.87 35.30 ± 2.03 4.69 ± 0.20 0.86 163.86 ±2.48 35.56 ± 0.24 

12 4.00 10.0 79.87 6.39 ± 1.15 29.62 ± 2.18 4.68 ± 0.22 0.92 49.14 ± 1.45 30.96 ± 0.28 

13 4.00 7.95 81.92 7.32 ± 3.88 31.95 ± 3.30 4.67 ± 0.23 0.91 86.33 ± 2.25 24.24 ± 0.31 

14 6.35 2.00 85.52 5.25 ± 2.06 34.21 ± 5.27 4.67 ± 0.25 0.81 254.67 ±3.27 35.00 ± 0.35 

15 8.00 4.06 81.81 9.64 ±13.59 31.48 ± 5.33 4.66 ± 0.26 0.53 84.17 ± 2.79 34.21± 0.39 

16 6.35 7.65 79.87 7.74 ± 4.76 32.32 ± 1.26 4.65 ± 0.28 0.51 131.92 ±1.56 43.53± 0.43 

Independent variables (0) Low (1) High 

X1 : % Starch 4 8 

X2: % PVP K30 2 10 

X3 : % AH-NC 79.87 87.87 

∗Average of three determinations, ∗∗an average of six determinations. 
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TABLE 4.26:  Post compression evaluation of GLB tablets  

Glibenclamide Tablet using MCC PH 200 

No Wt variationa Diameter (mm)b Thickness (mm)b Drug content c 

1 160.49 ± 1.19 7.96 ± 0.13 3.10 ± 0.32 97.16 ± 0.82 

2 160.06 ± 1.54 7.90 ± 0.32 3.00 ± 0.47 98.31 ± 0.82 

3 159.99 ± 1.48 7.85 ± 0.33 2.90 ± 0.32 100.37±1.25 

4 160.30 ± 1.56 7.96 ± 0.13 3.00 ± 0.67 99.74 ± 1.25 

5 160.05 ± 1.86 7.97 ± 0.10 3.10 ± 0.32 98.65 ± 0.82 

6 160.23 ± 1.98 7.87 ± 0.32 3.00 ± 0.47 99.08 ± 1.00 

7 161.17 ± 2.04 7.86 ± 0.33 3.10 ± 0.32 97.92 ± 0.51 

8 161.20 ± 2.06 7.97 ± 0.11 3.10 ± 0.74 99.74 ± 0.23 

9 161.03 ± 2.37 7.87 ± 0.32 2.90 ± 0.57 99.60 ± 0.23 

10 161.16 ± 2.68 7.86 ± 0.33 2.90 ± 0.32 100.58±0.38 

11 161.29 ± 2.99 7.86 ± 0.24 3.02 ± 0.30 100.42±0.28 

12 161.42 ± 3.30 7.87 ± 0.28 2.93 ± 0.26 98.44 ± 0.89 

13 161.55 ± 3.62 7.87 ± 0.31 2.87 ± 0.31 92.52 ± 0.19 

14 161.69 ± 3.94 7.87 ± 0.35 2.90 ± 0.20 97.91 ± 0.11 

15 161.82 ± 4.26 7.87 ± 0.39 3.01 ± 0.53 98.63 ± 0.28 

16 161.95 ± 4.58 7.87 ± 0.43 3.02 ± 0.46 98.72 ± 0.99 

Glibenclamide Tablet using AH-NC 

1 161.45 ± 2.98 7.86 ± 0.33 3.10 ± 0.32 98.67 ± 1.25 

2 160.91 ± 2.72 7.70 ± 0.48 3.00 ± 0.47 98.09 ± 0.73 

3 163.17 ± 5.05 7.85 ± 0.33 3.20 ± 0.42 99.89 ± 1.32 

4 162.87 ± 3.92 7.96 ± 0.13 3.00 ± 0.67 98.47 ± 0.53 

5 161.11 ± 3.24 7.97 ± 0.10 3.00 ± 0.00 97.47 ± 0.90 

6 163.05 ± 4.95 7.87 ± 0.32 3.20 ± 0.63 100.13±0.45 

7 164.22 ± 2.89 7.76 ± 0.42 2.90 ± 0.57 98.23 ± 0.24 

8 160.65 ± 4.49 7.97 ± 0.11 3.10 ± 0.74 98.14 ± 0.13 

9 161.45 ± 4.84 7.77 ± 0.42 2.90 ± 0.57 98.18 ± 0.27 

10 161.43 ± 3.17 7.86 ± 0.33 3.00 ± 0.00 100.34±1.13 

11 161.93 ± 4.12 7.86 ± 0.24 3.02 ± 0.30 99.89 ± 1.34 
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12 161.91 ± 4.46 7.87 ± 0.28 2.89 ± 0.47 98.82 ± 0.62 

13 160.79 ± 4.50 7.87 ± 0.31 2.94 ± 0.41 98.50 ± 1.30 

14 161.88 ± 5.17 7.87 ± 0.35 2.93 ± 0.44 97.55 ± 0.30 

15 160.91 ± 4.81 7.87 ± 0.39 2.91 ± 0.49 97.77 ± 0.22 

16 163.39 ± 4.26 7.87 ± 0.43 2.90 ± 0.53 100.14±0.52 

a Average of twenty determinations, b Average of three determinations, c Average of ten 

determinations 

 

Descriptive statistics for the data set obtained from the results were as shown in Table 4.27. The 

results reveal that the difference between the minimum and the maximum value of the responses 

and the ratios between the maximum response and the minimum response are fair enough. 

Highest and lowest variation in the ratio was seen in disintegration time and angle of repose for 

both sets of tablets. 

TABLE 4.27:  Descriptive statistics for GLB tablets  

Descriptive statistics using polynomial equation and quadratic model for MCC PH200 

 
CI  

(R1) (% ) 

AR   

(R2) (ɵ ) 

Hardness  

(R3) (kg/cm2) 

Friability 

(R4) (%) 

DT      

(R5) (Sec) 

T90       

(R6) (min) 

Min 8 31.48 3.3 0.465106 42 15.43 

Max 17.84 37.66 4.9 0.930042 295.17 41.44 

Mean 11.67 34.48 4.41 0.7438 157.65 27.62 

SD 2.99 1.73 0.5016 0.1618 68.68 8.81 

Ratio 2.23 1.2 1.48 2 7.03 2.69 

Descriptive statistics using polynomial equation and quadratic model for AH-NC 

Min 5.24955 29.6212 3.13333 0.464276 47.6233 24.24 

Max 11.939 35.3015 6.4 1.08917 279.167 43.84 

Mean 7.71 32.55 4.77 0.7594 159.87 34.32 

SD 1.83 1.7 0.7754 0.1834 73.49 5.9 

Ratio 2.27 1.19 2.04 2.35 5.86 1.81 

 

Based on the numerical values of ratio, it was concluded that the selected dependent variables 

are influenced by the selected independent variables. Hence analysis of variance (ANOVA) was 



Chapter 4                                                                                                 Results and Discussions 

 

83 
 

carried out to establish the relationship between the three independent variables and the chosen 

dependent variables in the I-optimal design using Design Expert® software. 

4.3.4.1 CI (R1): 

Model F-values, 479.04 for MCC and 6.01 for AH-NC imply the model is significant. 

Furthermore, results of multiple regressions confirm correlation coefficient of 0.9979 for MCC 

PH 200 and 0.8662 for AH-NC which is fairly high and also affirms the prediction of Carr’s 

index to be within the design space with fair accuracy. Interaction terms are statistically 

significant in nature as shown in Table 4.28 

TABLE 4.28:  ANOVA and Coefficients in coded form for carr’s index 

ANOVA for tablet having MCC PH200 

Source SS df MS F-value p-value  

Model 133.12 5 26.62 479.04 < 0.0001 significant 

Linear Mixture 16.70 2 8.35 150.25 < 0.0001  

AB 67.79 1 67.79 1219.82 < 0.0001  

AC 24.16 1 24.16 434.79 < 0.0001  

BC 33.22 1 33.22 597.66 < 0.0001  

Residual 0.5558 10 0.0556    

Lack of Fit 0.2836 5 0.0567 1.04 0.4826 not significant 

Pure Error 0.2722 5 0.0544    

Cor Total 133.68 15     

ANOVA for tablet blend having AH NC 

Model 37.66 5 7.53 6.01 0.0080 significant 

Linear Mixture 4.98 2 2.49 1.99 0.1875  

AB 6.73 1 6.73 5.37 0.0429  

AC 23.42 1 23.42 18.69 0.0015  

BC 0.5546 1 0.5546 0.4426 0.5209  

Residual 12.53 10 1.25    

Lack of Fit 2.27 5 0.4535 0.2209 0.9385 not significant 

Pure Error 10.26 5 2.05    

Cor Total 50.19 15     
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 X1 X2 X3 X1X2 X1X3 X2X3 

Coefficients for tablet having MCC PH200 

CI 47.4699 16.4503 13.5083 -78.3826 -47.6764 -18.946 

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

Coefficients for tablet having AH-NC 

CI 29.7483 6.14168 8.95201 -24.7036 -46.9373 2.44815 

p-values 0.1875 0.1875 0.1875 0.0429 0.0015 0.5209 

 

 

(A) 

Carr’s Index (%) 

Carr’s Index (%) 
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                                                                             (B) 

FIGURE 4.19: Contour plot for CI (A) MCC PH200 (B) AH-NC 

Starch had the highest value of coefficient in the mathematical model, implying poor fluidity 

which can be attributed to presence of moisture and fine particles in it. Also there is non-linear 

relation between independent and dependent variables evident from the curved lines contour 

plot as shown in Fig. 4.19 

4.3.4.2 AR (R2): 

Model F-values, 34.99 for MCC and 5.18 for AH-NC imply the model is significant. 

Furthermore, results of multiple regressions confirm correlation coefficient of 0.972 for MCC 

PH 200 and 0.8493 for AH-NC which is fairly high and also affirms the prediction of angle of 

repose to be within the design space with fair accuracy. Interaction terms are statistically 

significant in nature as shown in Table 4.29 

 

 

Carr’s Index (%) 

Carr’s Index (%) 
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TABLE 4.29:  ANOVA and Coefficients in coded form for angle of repose 

ANOVA for tablet having MCC PH200 

Source SS df MS F-value p-value  

Model 42.32 5 8.46 34.99 < 0.0001 significant 

Linear Mixture 28.59 2 14.30 59.11 < 0.0001  

AB 2.27 1 2.27 9.40 0.0119  

AC 8.99 1 8.99 37.17 0.0001  

BC 0.5984 1 0.5984 2.47 0.1468  

Residual 2.42 10 0.2418    

Lack of Fit 1.34 5 0.2674 1.24 0.4107 not significant 

Pure Error 1.08 5 0.2163    

Cor Total 44.73 15     

ANOVA for tablet blend having AH NC 

Model 31.33 5 6.27 5.18 0.0132 significant 

Linear Mixture 1.50 2 0.7500 0.6200 0.5574  

AB 18.16 1 18.16 15.01 0.0031  

AC 20.90 1 20.90 17.28 0.0020  

BC 9.17 1 9.17 7.58 0.0204  

Residual 12.10 10 1.21    

Lack of Fit 4.23 5 0.8456 0.5373 0.7440 not significant 

Pure Error 7.87 5 1.57    

Cor Total 43.43 15     

 

 X1 X2 X3 X1X2 X1X3 X2X3 

Coefficients for tablet having MCC PH200 

AR 16.8085 37.7675 33.9237 14.3515 29.0784 -2.54291 

p-values < 0.0001 < 0.0001 < 0.0001 0.0119 0.0001 0.1468 

Coefficients for tablet having AH-NC 

AR 10.9593 29.6747 30.4561 40.5637 44.3385 9.95272 

p-values 0.5574 0.5574 0.5574 0.0031 0.0020 0.0204 
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(A) 

 

(B) 

FIGURE 4.20: Contour plot for AR (A) MCC PH200 (B) AH-NC  
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Starch showed an insignificant effect on the angle of repose due to low coefficient values i.e. 

16.81 and 10.95 for MCC PH 200 and AH-NC respectively. As shown in Fig. 4.20 the high 

amount of PVP K30, MCC PH200 and AH-NC showed decline in angle of repose.  

4.3.4.3 Hardness of tablets (R3): 

Model F-values, 17.72 for MCC and 7.72 for AH-NC imply the model is significant. 

Furthermore, results of multiple regressions confirm correlation coefficient of 0.947 for MCC 

PH 200 and 0.8911 for AH-NC which is fairly high and also affirms the prediction of hardness 

value to be within the design space with fair accuracy. Interaction terms are statistically 

significant in nature as shown in Table 4.30 

TABLE 4.30:  ANOVA and Coefficients in coded form for hardness 

ANOVA for tablet having MCC PH200 

Source SS df MS F-value p-value  

Model 3.39 5 0.6784 17.72 0.0001 significant 

Linear Mixture 1.55 2 0.7768 20.29 0.0003  

AB 1.77 1 1.77 46.35 < 0.0001  

AC 1.53 1 1.53 39.96 < 0.0001  

BC 0.0168 1 0.0168 0.4379 0.5231  

Residual 0.3828 10 0.0383    

Lack of Fit 0.2513 5 0.0503 1.91 0.2473 not significant 

Pure Error 0.1315 5 0.0263    

Cor Total 3.77 15     

ANOVA for tablet blend having AH NC 

Model 7.16 5 1.43 7.72 0.0033 significant 

Linear Mixture 1.49 2 0.7436 4.01 0.0527  

AB 5.50 1 5.50 29.66 0.0003  

AC 4.20 1 4.20 22.62 0.0008  

BC 0.1283 1 0.1283 0.6915 0.4251  

Residual 1.86 10 0.1856    

Lack of Fit 0.8450 5 0.1690 0.8360 0.5755 not significant 

Pure Error 1.01 5 0.2021    
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Cor Total 9.02 15     

 

 X1 X2 X3 X1X2 X1X3 X2X3 

Coefficients for tablet having MCC PH200 

Hardness -3.74738 4.42348 4.68266 12.6804 11.9954 -0.425618 

p-values 0.0003 0.0003 0.0003 < 0.0001 < 0.0001 0.5231 

Coefficients for tablet having AH-NC 

Hardness -8.25355 4.63199 4.93067 22.332 19.8701 -1.1776 

p-values 0.0527 0.0527 0.0527 0.0003 0.0008 0.4251 

 

 

(A) 
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(B) 

FIGURE 4.21: Contour plot for hardness (A) MCC PH200 (B) AH-NC 

The coefficient associated with starch is -3.75 for MCC PH200 and -8.25 for AHNC. Evident 

from Fig. 4.21 if the amount of starch is increased in the powder blend it will reduce the hardness 

of the tablets. However PVP K30, MCC PH200 and AH-NC showed positive coefficients 

implying hardness of tablet can be increased if PVP K30 and/or MCC PH200/ AH-NC are 

increased in the powder blend. 

4.3.4.4 Friability of tablets (R4): 

Model F-values, 53.88 for MCC and 160.83 for AH-NC imply the model is significant. 

Furthermore, results of multiple regressions confirm correlation coefficient of 0.981 for MCC 

PH 200 and 0.9938 for AH-NC which is fairly high and also affirms the prediction of friability 

value to be within the design space with fair accuracy. Interaction terms are statistically 

significant in nature as shown in Table 4.31 
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TABLE 4.31: ANOVA and Coefficients in coded form for friability 

ANOVA for tablet having MCC PH200 

Source SS df MS F-value p-value  

Model 0.3785 5 0.0757 53.88 < 0.0001 significant 

Linear Mixture 0.0423 2 0.0211 15.04 0.0010  

AB 0.0932 1 0.0932 66.36 < 0.0001  

AC 0.1169 1 0.1169 83.23 < 0.0001  

BC 0.2093 1 0.2093 148.97 < 0.0001  

Residual 0.0140 10 0.0014    

Lack of Fit 0.0039 5 0.0008 0.3837 0.8417 not significant 

Pure Error 0.0102 5 0.0020    

Cor Total 0.3926 15     

ANOVA for tablet blend having AH NC 

Model 0.4983 5 0.0997 160.83 < 0.0001 significant 

Linear Mixture 0.4747 2 0.2373 383.00 < 0.0001  

AB 0.0120 1 0.0120 19.31 0.0013  

AC 0.0025 1 0.0025 4.02 0.0728  

BC 0.0049 1 0.0049 7.88 0.0186  

Residual 0.0062 10 0.0006    

Lack of Fit 0.0014 5 0.0003 0.2930 0.8980 not significant 

Pure Error 0.0048 5 0.0010    

Cor Total 0.5045 15     

 

 X1 X2 X3 X1X2 X1X3 X2X3 

Coefficients for tablet having MCC PH200 

Friability 2.57209 0.680256 0.556855 -2.90677 -3.3165 1.50394 

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

Coefficients for tablet having AH-NC 

Friability 0.49526 0.9097 1.08407 -1.04139 -0.48412 -0.22969 

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



Chapter 4                                                                                                 Results and Discussions 

 

92 
 

 

(A) 

 

(B) 

FIGURE 4.22: Contour plot for friability (A) MCC PH200 (B) AH-NC  
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As shown in Fig. 4.22 a steep change in the values of friability of the glibenclamide tablets. It 

may be concluded from the contour plot of friability of glibenclamide tablets that low 

concentration of PVP K30 is not favorable to keep the friability below 1%. PVP K30 played a 

vital role in managing the mechanical strength of the tablets.  

4.3.4.5 Disintegration time of tablets (R5): 

Model F-values, 221.25 for MCC and 6.67 for AH-NC imply the model is significant. 

Furthermore, results of multiple regressions confirm correlation coefficient of 0.9866 for MCC 

PH 200 and 0.8771 for AH-NC which is fairly high and also affirms the prediction of 

disintegration time to be within the design space with fair accuracy. Interaction terms are 

statistically significant in nature as shown in Table 4.32 

TABLE 4.32: ANOVA and Coefficients in coded form for disintegration time 

ANOVA for tablet having MCC PH200 

Source SS Df MS F-value p-value  

Model 70120.45 5 14024.09 221.25 < 0.0001 significant 

Linear Mixture 34111.21 2 17055.61 269.08 < 0.0001  

AB 28020.11 1 28020.11 442.06 < 0.0001  

AC 35861.24 1 35861.24 565.76 < 0.0001  

BC 9.77 1 9.77 0.1542 0.7028  

Residual 633.86 10 63.39    

Lack of Fit 633.66 5 126.73 3206.77 < 0.0001 significant 

Pure Error 0.1976 5 0.0395    

Cor Total 70754.31 15     

ANOVA for tablet blend having AH NC 

Model 62325.70 5 12465.14 6.67 0.0056 significant 

Linear Mixture 30979.37 2 15489.69 8.29 0.0075  

AB 27839.84 1 27839.84 14.90 0.0032  

AC 27684.79 1 27684.79 14.82 0.0032  

BC 1674.70 1 1674.70 0.8964 0.3661  

Residual 18683.25 10 1868.32    

Lack of Fit 13257.55 5 2651.51 2.44 0.1746 not significant 

Pure Error 5425.70 5 1085.14    
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Cor Total 81008.94 15     

 

 X1 X2 X3 X1X2 X1X3 X2X3 

Coefficients for tablet having MCC PH200 

DT -742.607 41.6313 177.117 1593.51 1836.66 10.2776 

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

Coefficients for tablet having AH-NC 

DT -733.137 34.7646 196.026 1588.38 1613.75 134.527 

p-values 0.0075 0.0075 0.0075 0.0032 0.0032 0.3661 

 

 

(A) 
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(B) 

FIGURE 4.23: Contour plot for DT (A) MCC PH200 (B) AH-NC  

The coefficient associated with starch -742.6 for MCC PH200 and -733.13 for AH- NC. Evident 

from Fig. 4.23 increase in amount of starch in the powder blend will imply reduce disintegration 

time of the tablets. 

4.3.4.6 T90 of tablets (R6) 

Model F-values, 2.05 for MCC and 4.81 for AH-NC imply the model is significant. 

Furthermore, results of multiple regressions confirm correlation coefficient of 0.9325 for MCC 

PH 200 and 0.8405 for AH-NC which is fairly high and also affirms the prediction of T90 value 

to be within the design space with fair accuracy. Interaction terms are statistically significant in 

nature as shown in Table 4.33 

TABLE 4.33: ANOVA and Coefficients in coded form for T90 

ANOVA for tablet having MCC PH200 

Source SS df MS F-value p-value  

Model 589.24 5 117.85 2.05 0.1564 not significant 

Linear Mixture 171.31 2 85.66 1.49 0.2715  
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AB 191.62 1 191.62 3.33 0.0979  

AC 298.58 1 298.58 5.19 0.0459  

BC 128.39 1 128.39 2.23 0.1660  

Residual 575.02 10 57.50    

Lack of Fit 367.04 5 73.41 1.76 0.2741 not significant 

Pure Error 207.98 5 41.60    

Cor Total 1164.26 15     

ANOVA for tablet blend having AH NC 

Model 368.69 5 73.74 4.81 0.0168 significant 

Linear Mixture 259.00 2 129.50 8.46 0.0071  

AB 57.13 1 57.13 3.73 0.0822  

AC 6.91 1 6.91 0.4512 0.5170  

BC 0.1500 1 0.1500 0.0098 0.9231  

Residual 153.14 10 15.31    

Lack of Fit 117.86 5 23.57 3.34 0.1058 not significant 

Pure Error 35.28 5 7.06    

Cor Total 521.83 15     

 

 X1 X2 X3 X1X2 X1X3 X2X3 

Coefficients for tablet having MCC PH200 

T90 91.6893 35.8989 44.1256 -131.778 -167.588 -37.2486 

p-values 0.2715 0.2715 0.2715 0.0979 0.0459 0.1660 

Coefficients for tablet having AH-NC 

T90 20.4789 29.811 28.5094 71.9557 25.4957 1.27329 

p-values 0.0071 0.0071 0.0071 0.0822 0.5170 0.9231 
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(A) 

 

(B) 

FIGURE 4.24: Contour plot for T90 (A) MCC PH200 (B) AH-NC  
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The time required for 90% of the drug released ranged from 15.43 to 41.44 min with a ratio 

between the maximum and minimum value T90 of 2.69. The selected three independent 

variables strongly influenced the T90.The mathematical equation clearly demonstrates that 

starch, PVP K30 and MCC PH200/ AH-NC have positive coefficients as shown in Fig. 4.24.  

 

4.3.5 Overlay plot for glibenclamide tablet: 

A good formulation is one that satisfies all the requirements of the dependent variables. The 

yellow region in the overlay plot is the desirable region. As shown in Fig. 4.25 two random 

points for MCC PH 200 and AH NC were selected to confirm the predictive ability of all 

mathematical points. 

 

(A) 
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(B) 

FIGURE 4.25: Overlay plot of tablet using (A) MCC PH200 (B) AH-NC 

A composition with 7.71% starch, 3.91% PVP K30 and 82.23 % MCC PH200 showed 

acceptable values of dependent variables (Carr’s index = 13.36, Angle of repose = 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 (Carr’s index = 7.11, Angle of repose = 32.4, hardness = 4.77, friability = 0.86, DT = 

129 sec, and T90 = 31 min). ANOVA and multiple regression analysis confirm 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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4.3.6 Comparison of responses of AH-NC tablet and MCC PH200 tablet: 

  

  

  

FIGURE 4.26: Comparison between MCC PH200 and AH-NC 
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One of the basic requirements for high-speed tablet press is good flow which can be estimated 

basis Carr’s Index and Angle of repose values. As shown in Fig. 4.26 Carr’s Index 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 and Angle of Repose 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 [193,194]. 

Implying AH-NC has relatively better flow properties. Moving to hardness of tablets, critical 

for maintenance of tablet shape during manufacture and transport, it depends on inter particle 

bonding. An average tablet’s hardness is 4 kg/cm cm2 [194] which when measured in case of 

AH-NC it was found to be 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) implying better hardness of AH-NC as compared to MCC 

PH200 which can be attributed to presence of small particles wherein strong particle-particle 

bond might have formed. Friability, disintegration time and T90 values were almost same in 

both the cases. Basis above results it can also be concluded that weight variation problems and 

content uniformity variation were absent in case of AH-NC. Hence among the two, AH-NC is 

certainly a better choice for large scale production of tablets. 

4.3.7 Stability Study: 

The stability of the formulation was assessed under different storage conditions as per ICH 

guidelines and the results obtained are as shown in Table 4.34. 

TABLE 4.34: Stability study data for glibenclamide tablet 

AH-NC tablet Batch F7 

Temp 

(0C)/ 

RH 

(%) 

Time 

(month) 
CI (%)* AR (ɵ) * 

Hardness 

(kg/cm2) * 

Friability 

(%) 
DT (Sec) ** T90 (Min)** 

25°C 

± 2°C/ 

60% 

RH ± 

5% 

RH 

0 10.11 ± 4.06 33.45 ± 1.31 6.40 ± 0.87 0.65 175.00 ± 0.63 35.00 ± 0.42 

0.5 10.13 ± 0.01 32.19 ± 1.32 6.42 ± 0.53 0.64 174.00 ± 0.66 36.00 ± 0.48 

1 10.14 ± 0.07 33.54 ± 1.33 5.12 ± 0.89 0.65 172.00 ± 0.69 34.00 ± 0.47 

2 11.02 ± 0.13 33.47 ± 1.34 6.41 ± 0.93 0.66 175.00 ± 0.65 35.00 ± 0.45 

3 11.16 ± 0.24 33.35 ± 1.35 6.40 ± 0.45 0.64 173.00 ± 0.67 34.00 ± 0.36 

6 10.74 ± 0.10 33.4± 1.36 6.41 ± 0.68 0.65 17100 ± 0.68 36.00 ± 0.27 
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12 10.45 ± 0.35 33.57 ± 1.37 6.3 ± 0.73 0.65 176.00 ± 0.24 33.00 ± 0.50 

MCC PH200 tablet Batch F7 

25°C 

± 2°C/ 

60% 

RH ± 

5% 

RH 

0 8.00 ± 3.17 34.07 ± 4.45 4.87 ± 0.23 0.76 185.17 ± 1.41 15.43 ± 0.33 

0.5 8.02 ± 0.05 34.07 ± 4.46 4.89 ± 0.11 0.74 185.20 ± 1.42 15.68 ± 0.69 

1 8.02 ± 0.08 34.07 ± 4.47 4.86 ± 0.25 0.75 185.16 ± 1.40 16.33 ± 0.35 

2 8.05 ± 0.04 34.07 ± 4.48 4.87 ± 0.17 0.76 185.21 ± 1.45 15.52 ± 0.40 

3 8.01 ± 0.05 34.07 ± 4.49 4.88 ± 0.34 0.76 184.11 ± 1.45 14.33 ± 0.37 

6 8.00 ± 0.02 34.07 ± 4.50 4.87 ± 0.30 0.73 183.65 ± 1.41 15.98 ± 0.52 

12 8.00 ± 0.03 34.07 ± 4.51 4.87 ± 0.31 0.76 182.25 ± 1.43 15.25 ± 0.39 

*Average of three determinations, **An average of six determinations 

 

The developed formulations were found to be stable for 12 months at 25 ± 2◦C/60 ± 5% RH. 

No change in the physical appearance of the formulation was observed during the stability 

studies. No significant change in the carr’s index, angle of repose, hardness, friability, 

disintegration time, and T90 were observed during the stability studies. Thus it can be concluded 

that glibenclamide tablet prepared using MCC PH200 and AH-NC were stable at accelerated as 

well as long term stability conditions (25 ± 2◦C/60 ± 5% RH) for 12 months [203]. 

 

4.4 Application of NC as an Excipient in Pellets Dosage Form 

To check the applicability of NC as an excipient in pellet dosage form few trial batches were 

prepared as per the procedure in experimental section by using box behnkan design. Independent 

variables selected for design were Starch  (X1) , PVP K30 (X2) , RPM (X3) with fixed amount 

of glibenclamide (3.125 %), talc (1%) and magnesium stearate (2 %) whereas dependent 

variables in design were Carr’s index (CI) (R1), angle of repose (AR) (R2), % yield (R3), 

particle size (R4), % CDR at 45 min (R5). The design layout and observed responses for the 

box benkan design are shown in Table 4.35.  
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TABLE 4.35:  Layout and observed responses of glibenclamide pellets 

AH-NC 

Batch X1 X2 X3 
CI         

R1 (%) 

AR 

R2 (ɵ) 

Yield 

R3 

(%) 

Particle 

size 

R4 (um) 

CDR at 45 

min 

R5 (%) 

1 6 6 1400 7.46±0.02 30.79±0.04 81.08 757.94±0.08 99±0.29 

2 4 6 1600 9.64±1.03 31.38±0.18 93.76 878.65±0.24 99.51±0.52 

3 6 10 1200 6.67±0.09 31.83±0.27 89.58 864.26±0.51 98.93±0.41 

4 6 10 1600 9.26±0.12 31.71±0.14 68.44 704.8±0.69 97.43±0.87 

5 8 10 1400 6.35±0.05 31.62±0.25 93 925.89±0.18 99.23±0.12 

6 4 2 1400 6.65±0.51 31.51±0.11 90.15 850.38±0.45 99.69±0.84 

7 8 6 1200 6.39±0.25 31.6±0.64 98.08 915±0.32 97.92±0.27 

8 6 2 1600 8.69±0.31 32.27±0.29 95.21 933.24±0.78 100.04±0.35 

9 8 6 1600 8.78±0.87 32.39±1.19 91.56 845.51±1.02 97.62±1.08 

10 4 10 1400 7.32±1.41 29.81±2.12 72.33 684.87±0.58 99.71±0.81 

11 6 2 1200 6.41±2.1 31.25±0.56 63.08 676.12±0.33 95.19±0.05 

12 8 2 1400 5.81±0.09 30.56±0.27 89.71 800.68±0.23 98.94±0.56 

13 6 6 1400 7.03±1.01 30.79±0.17 85.8 784.27±0.55 98.31±0.19 

14 4 6 1200 7.06±0.02 31.66±0.28 70.32 702.2±0.53 96.63±0.22 

15 6 6 1400 7.46±0.63 30.79±0.45 78.72 744.77±0.74 99±0.33 

MCC PH200 

6 4 2 1400 12.16±0.28 33±0.82 93.71 933.24±0.14 95.19±0.39 

Independent Variables -1.00 0.00 1.00 

X1 (%) 4 6 8 

X2 (%) 2 6 10 

X3 (%) 1200 1400 1600 

 

As shown in Table 4.35 the 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 [22]. The particle size of all batches was found within 702.2 to 933.24 um 

and % Yield of pellets varies from 63.08 to 98.08 %. Increase in the concentration of AH-NC/ 
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MCC PH200 decreases disintegration time, which further leads to decrease in percent drug 

release. However since starch itself is disintegrant, it accelerates the rate of disintegration 

thereby enhancing the drug release. Fig. 4.27 shows % drug release of F1 to F15 batches of 

pellets contains AH-NC. Optimized formulations containing NC showed 99.69% release within 

45 min whereas formulation containing MCC released 95.19%.  

 

FIGURE 4.27: %CDR of AH-NC pellets (F1-F15) batches 

SEM image of AH-NC pellets as shown in Fig. 4.28 indicated the spherical shape and compact 

surface of pellet. 

  

FIGURE 4.28: SEM of AH-NC pellets 
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4.4.1 Stability Study: 

The stability of the formulation was assessed as per ICH guidelines and the results obtained are 

as shown in Table 4.36. 

TABLE 4.36: Stability study data for glibenclamide pellet 

AH-NC pellets Batch F6 

Temp (0C)/ RH (%) 
Time 

(months) 

CI         

R1 (%) 

AR 

R2 (ɵ) 

Particle size  

R4 (um) 

CDR at 45 

min  

R5 (%) 

25°C ± 2°C/60% RH ± 

5% RH 

0 6.65±0.51 31.51±0.11 850.38±0.45 99.69±0.84 

1 6.67±0.30 30.63±0.64 850.38±0.31 98.71±0.36 

3 6.64±0.62 32.19±0.23 850.38±1.87 98.65±0.78 

6 6.66±0.54 31.58±0.19 850.38±0.56 98.31±0.87 

MCC PH200 pellets Batch F6 

Temp (0C)/ RH (%) 

25°C ± 2°C/60% RH ± 

5% RH 

0 12.16±0.28 33±0.82 933.24±0.14 95.19±0.39 

1 11.25±0.42 33±1.03 933.24±0.25 95.19±1.5 

3 12.32±0.30 33±0.17 933.24±0.48 95.19±0.19 

6 11.63±0.31 33±0.98 933.24±0.81 95.19±1.24 

 

The developed formulations were found to be stable for 6 months at 25 ± 2◦C/60 ± 5% RH. No 

change in the physical appearance of the formulation was observed during the stability studies. 

No significant change in the carr’s index (CI) (R1), angle of repose (AR) (R2), particle size 

(R4), % CDR at 45 min (R5) were observed during the stability studies. [203]. 

4.5 Use of nanocellulose as an efficient carrier material in the preparation 

of liquisolid of glibenclamide for filling in the hard gelatin capsule 

Liquisolid compact was prepared basis the procedure in the material method section. 

Composition of the three formulations and their evaluation parameters are shown in Table 4.37 

and 4.38 respectively. 
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TABLE 4.37: Formulation of liquisolid systems of glibenclamide 

No Drug conc. 

in liquid 

medication 

(%w/w) 

R Lf PEG 

400 

(mg) 

API: 

GLB 

(mg) 

Carrier 

(Q):          

AH-NC 

(mg) 

Carrier 

(Q):     

Avicel 

PH200 

(mg) 

Coating 

(q):  

Aerosil 

200 (mg) 

Lubricant

: Mg 

Stearate 

(mg) 

Unit 

dose 

(mg) 

F1 10 20 0.3

255 

45.07 5 - 104 5.2 1.6 160.8

7 

F2 10 20 0.3

255 

45.07 5 75 - 3.75 2 130.8

2 

F3 - - - - 5 - - - - 5 

 

TABLE 4.38: Evaluation of liquisolid system 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter F1 F2 F3 

Carr’s index 17.40 ± 0.56 16.94 ± 1.26 - 

Hausners ratio 1.21 ± 0.01 1.20 ± 0.32 - 

Angle of repose 37.77 ± 0.42 36.20 ± 1.06 - 

Drug content 94.19 ± 0.21 93.64 ± 0.70 98.24±0.64 

% Drug Release 

time (min) F1 F2 F3 

0 0.00 0.00 0.00 

5 62.65 65.42 31.15 

10 71.31 74.77 52.62 

20 82.04 83.08 65.42 

30 93.12 92.08 79.27 

40 93.46 92.77 86.88 

45 93.46 92.77 88.61 

60 93.46 92.77 88.61 
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FIGURE 4.29: % CDR of F1- F3 batch 

From the results it can be concluded that to adsorb 45 mg of the drug solution, the quantity of AH-

NC required would be less, implying the capsule required to fill the powder of batch F2 to be of 

small size. Cumulative percentage of drug released in Fig. 4.29 shows that in the first 20 min the 

drug release was 82, 83 and 65% respectively from the batches F1, F2, and F3.  

In order to express the rise in dissolution, the similarity factor f2 was calculated. The dissolution 

of batch F3 (pure drug) was considered as a reference dissolution profile. The batch F1 and F2 

were considered as test batches.  

The calculated similarity factor f2 was 40 in case of F1batch and 38 in case of F2 batch against 

the expected range of 50-100 as explained in material and method chapter. Thus it can be 

concluded that dissolution pattern of both batches are dissimilar when compared to F3. Also it 

may be concluded that the drug solution can be successfully adsorbed on Avicel PH 200 as well 

as AH-NC. The only disadvantage is that the powder required in case of Avicel PH 200 is 25% 

more in quantity as compared to AH-NC. 
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CHAPTER 5 

Summary and Conclusion 

5.1 Summary of the work: 

The aim of the presented work was 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. This chapter focuses on summarizing the overall work 

and the conclusions derived over the course of study.  

 Production of MCC was done by processing corn husks (CH), an agro-waste, through 

acid-alkali treatment followed by bleaching 

 The microcrystalline cellulose powders obtained through three different acids i.e. CH-

MCC [H2SO4, HNO3, HCl] compared favorably with the Avicel®PH 101 (a commercial 

brand of microcrystalline cellulose) 

 The FTIR spectra revealed that all finger print peaks for CH-MCC [H2SO4, HNO3, 

HCl]  are concordant with standard peaks of Avicel®PH 101  

 The XRD and TGA analysis of CH-MCC [HCl] confirms better crystallinity index and 

thermal stability as compared to CH-MCC [H2SO4, HNO3] when compared with Avicel 

® PH 101. 

 SEM shows individualized and uniform fibers with crystalline and sharper edges. 

 CH-MCC (HNO3) and CH-MCC (H2SO4) cannot be accepted as it shows presence of 

NO3
- and SO4

- ions during limit test of ions. The appearance was poor with fair powder 

properties and percent yield was not satisfactory making it less cost efficient. 

 CH-MCC (HCl) is accepted as the final product that will be utilized for further 

production of nano cellulose as it passes the limit test. The appearance was excellent 

with good powder properties and crystallinity with adequate particle size and satisfactory 

% yield. 

 Manufacturing of Nanocellulose (NC) from corn husk was done by two methods, 

namely - Acid hydrolysis (AH) and High pressure homogenization (HPH) 

 QTPP, CQAs and CPP were identified by initial risk assessment. 
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 32 full factorial design was used for optimization study considering concentration of acid 

and time for AH whereas pressure and no of passes for HPH (CPP) as independent 

variables and particle size and yield as dependent variables (QTPP and CQA). 

 NC prepared by both methods displayed similar results in instrumental analysis (FTIR, 

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

Hausner’s ratio, Particle size and Yield).  

 Since in acid hydrolysis method NC can be produced without implementing modern 

equipment (such as high pressure homogenizer) it eliminates the possible metal 

contamination due to HPH, more eco-friendly, less labor intensive, less time consuming, 

cost effective and has superior flow properties (which compliments high speed tablet 

process), it is confirmed as the method of choice which could be exploited in product 

design of variety of tailor made customized dosage forms in pharmaceutical industry.  

 Application of AH-NC in tablet dosage form 

 Comparison of powder flow properties and post-compression characteristics was carried 

out between AHNC and MCC PH200 contains tablet.  

 I-optimal design was applied individually for both MCC PH200 as well as AH-NC. 

MCC PH200 as diluent (X1), AH-NC as diluent (X1), starch as disintegrant (X2), and 

PVP K30 as dry binder (X3) were selected as independent variables while Carr’s index 

(CI) (R1), angle of repose (AR) (R2), hardness (R3), friability (R4), disintegration time 

(DT) (R5), and T90 (R6) were selected as the dependent variables.  

 Fourier-Transform Infrared Spectroscopy (FTIR) and Differential Scanning Calorimetry 

(DSC) studies confirmed the compatibility of the drug with both excipients. CI was 

identified to be in the range of 8%–17.84% for MCC PH200 and 5.25%–11.94% for 

AH-NC. AR was in the range of 31.48–37.66 for MCC PH200 and 29.62–35.30 for 

AHNC. The values of friability, DT, and T90 were almost identical in both the cases. 

 In addition to better flow properties, absence of weight variation and content uniformity 

problems were observed in AH-NC as compared to MCC PH200. Implying AH-NC is 

more suitable for modern high-speed rotary tablet press as compared to MCC PH200. 

 Application of AH-NC in Pellets Dosage Form 

 GLB pellets were prepared using extruder spheronizer (Cronimach Ltd, India) by 

applying box behnken design. 
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 Independent variables selected for design were Starch  (X1) , PVP K30 (X2) , RPM (X3) 

whereas dependent variables in design were Carr’s index (CI) (R1), angle of repose (AR) 

(R2), % yield (R3), particle size (R4), % CDR at 45 min (DT) (R5).  

 AH-NC was added to it to make up the volume of 160 mg 

 From the optimization study batch 6 was selected as best batch and then same 

composition batch was prepared for MCC PH 200 and comparison between them was 

carried out 

 Pellets showed excellent flow property and good sphericity. 

 SEM study shows that the pellets were spherical. 

 Pellets remained stable during stability study. 

 Application of AH-NC in liquisolid dosage form 

 Glibenclamide liquisolid compacts were prepared by using propylene glycol as the non-

volatile liquid vehicle. AH-NC and/or Avicel PH 200 were used as the carrier and 

Aerosil 200 as coating material. The flow properties of Glibenclamide liquisolid 

compacts showed acceptable flowability.  

 Smaller size and large surface area of AH-NC particles facilitate the drug solution 

adsorption process which is confirmed by the similarity factor f2. 

5.2 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. 

 NC produced by acid hydrolysis without implementing modern equipment (such as high 

pressure homogenizer) it eliminates the possible metal contamination due to HPH, is eco-

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

properties (which compliments high speed tablet process) 

 Powder flow properties endorse the use of AH-NC prepared from agricultural waste as an 

effective directly 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.  
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 This project has the potential to provide direction and enable India its homegrown 

production of NC. 

5.3 Conclusion: 

The current study demonstrates the applicability of QbD for production of NC with desired 

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

objective of the present investigation was to develop solid oral dosage form using novel 

excipient NC extracted from corn husk and compare its properties with marketed cellulose. 

Three different dosage forms; tablet, pellets and liquisolid powder were prepared. Powder flow 

properties confirm the usage of AH-NC prepared from agricultural waste as an effective directly 

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.  Hardly any 

researcher has reported the application of nanocellulose in dosage forms and therefore the 

findings of this study are of immense importance to pharmaceutical industries. Finally, it can be 

concluded that nanocellulose is a highly effective excipient when used in preparation of tablets, 

pellets and capsules. 

 

5.4 Recommendation for future research: 

Further extension of the work can be taken up as spray drying of the optimum blend of starch, 

PVP and nanocellulose to develop a co-processed directly compressible excipients. Batch 7 of 

AH-NC appears to be a good starting point for the development of new co-processed excipient. 

To the best of our knowledge, such material using NC in co-processed is not currently available 

in the market.  

 



  References 
 

112 
 

List of References 

1. D Trache, MH Hussin, MKM Haafiz, VK Thakur, 2017, Recent progress in cellulose 

nanocrystals: sources and production, Nanoscale, 9(5), 1763-1786, ISSN: 2040-3372. 

2. 5th India Maize Summit 2018, FICCI, New Delhi, http://ficci.in/spdocument/22966/India-

Maize-Summit.pdf  [Accessed 10 August 2019].  

3. USDA & PwC Analysis and FES Grain and Feed Annual, World Markets and Trade, Jan 

2017. 

4. Reddy N, Yang Y, 2005, Properties and potential applications of natural cellulose fibers 

from cornhusks, Green Chemistry, 7(4), 190-195, ISSN: 1463-9262. 

5. Haafiz MKM, Hassan A et.al, 2014, Isolation and characterization of cellulose 

nanowhiskers from oil palm biomass microcrystalline cellulose, Carbohydrate Polymer, 

103, 119-125, ISSN: 0144-8617. 

6. Ng HM, Sin LT et.al, 2015, Extraction of cellulose nanocrystals from plant sources for 

application as reinforcing agent in polymers, Composites Part B: Engineering, 75, 176-200, 

ISSN: 1359-8368. 

7. Karim M, Mohamed NB, Julien B, 2013, Nanofibrillated Cellulose Surface Modification: 

A Review, Materials, 6(5), 1745-1766, ISSN: 1996-1944. 

8. Liu DY, Yuan XW et. al., 2010, Characterization of solution cast cellulose nanofibre 

reinforced poly (lactic acid), eXPRESS Polymer Letters, 4 (1), 26–31. 

9. Wang Z, Carlsson DO et.al, 2015, Surface Modified Nanocellulose Fibers Yield 

Conducting Polymer-Based Flexible Super capacitors with Enhanced Capacitances, ACS 

Nano, 9(7), 7563-7571, ISSN: 1936-0851 

10. Abdul K, Davoudpour Y et.al, 2016, A review on nanocellulosic fibers as new material for 

sustainable packaging: Process and applications, Renewable and Sustainable Energy 

Reviews, 64, 823-836, ISSN: 1364-0321. 

11. Zimmermann T, Pohler E, Geiger T, 2004, Cellulose fibrils for polymer reinforcement, 

Advanced Engineering Materials, 6(9), 754–761, ISSN: 1527-2648. 

http://ficci.in/spdocument/22966/India-Maize-Summit.pdf
http://ficci.in/spdocument/22966/India-Maize-Summit.pdf


  References 
 

113 
 

12. Lu J, Wang T, Drzal LT, 2008, Preparation and properties of microfibrillated cellulose 

polyvinyl alcohol composite materials, Composites: Part A, 39(5), 738–746, ISSN: 1359-

835X. 

13. Nakagaito AN, Fujimura A et.al, 2009, Production of microfibrillated cellulose (MFC)-

reinforced polylactic acid (PLA) nanocomposites from sheets obtained by a papermaking-

like process, Composites Science and Technology, 69, 1293–1297, ISSN: 0266-3538. 

14. Gabr MH, Elrahman MA et.al, 2010, Effect of microfibrillated cellulose on mechanical 

properties of plain-woven CFRP reinforced epoxy, Composite Structures, 92 (9), 1999–

2006, ISSN: 0263-8223 

15. Amidon GE, Secreast PM, Mudie D (2009) Particle, Powder, and Compact characterization 

in Developing Solid Oral Dosage Forms, Pharmaceutical Theory and Practice, Elsevier 

Inc., USA, pp. 163-186 

16. Armstrong NA (2006) Tablet Manufacture by Direct Compression, in Encyclopedia of 

Pharmaceutical Technology , pp. 3673-3683 

17. Chinga-Carrasco G, 2011, Cellulose fibers, nanofibrils and microfibrils: the morphological 

sequence of MFC components from a plant physiology and fibre technology point of view, 

Nanoscale Res Lett 6, 417, ISSN: 1556-276X.  

18. Sjöström E (1981) Wood Chemistry: Fundamentals and Applications. Academic Press, 

New York.  

19. Klemm D, Philipp B, Heinze T, Heinze U, Wagenknecht W (1998) Comprehensive 

Cellulose Chemistry: Fundamentals and Analytical Methods Volume 1. Wiley-VCH 

Verlag GmbH, Weinheimhttp.  

20. Shmulsky R, Jones PD (2019) Forest Products and Wood Science. John Wiley &Sons.  

21. Fengel D, Wegener G (1983) Wood: Chemistry, Ultrastructure, Reactions. Berlin - New 

York: Walter de Gruyter.  

22. Wertz JL, Bédué O, Mercier JP (2010) Cellulose Science and Technology. EPFLPress, pp. 

21. 

23. Ene’zian GM, 1972, Direct compression of tablets using microcrystalline cellulose, Pharm 

Acta Helv, 47 (6): 321–363, ISSN: 0031-6865 

24. Lerk CF, Bolhuis GK, 1973, Comparative evaluation of excipients for direct compression 

I. Pharm Weekbl, 108, 469–481, ISSN: 1573-739X 



  References 
 

114 
 

25. Lerk CF, Bolhuis GK, de Boer AH, 1974, Comparative evaluation of excipients for direct 

compression II, Pharm Weekbl, 109, 945–955, ISSN: 1573-739X. 

26. Lamberson RF, Raynor GE, 1976, Tableting properties of microcrystalline cellulose, 

Manuf Chem Aerosol News, 47(6): 55–61. 

27. Lerk CF, Bolhuis GK, de Boer AH, 1979, Effect of microcrystalline cellulose on liquid 

penetration in and disintegration of directly compressed tablets, J Pharm Sci, 68(2), 205–

211, ISSN: 0022-3549. 

28. Chilamkurti RN, Rhodes CT, Schwartz JB, 1982, Some studies on compression properties 

of tablet matrices using a computerized instrumented press, Drug Dev Ind Pharm, 8(1), 63–

86, ISSN: 0363-9045. 

29. Wallace JW, Capozzi JT, Shangraw RF, 1983, Performance of pharmaceutical 

filler/binders as related to methods of powder characterization, Pharm Technol, 7(9): 94–

104, ISSN: 1543-2521 

30. Omray A, Omray P, 1986, Evaluation of microcrystalline cellulose as a glidant, Indian J 

Pharm Sci, 48, 20–22, ISSN: 0250-474X. 

31. Achor M., Oyeniyi YJ, Yahaya A, 2014,  Extraction and characterization of 

microcrystalline cellulose obtained from the back of the fruit of Lageriana siceraria (water 

gourd), J App Pharm Sci, 4 (01), 057-060, ISSN: 2231-3354. 

32. Haafiz MKM, Eichhorn SJ, Hassan A, Jawaid M, 2013, Isolation and characterization of 

microcrystalline cellulose from oil palm biomass residue, Carbohydrate Polymers, 93, 628– 

634, ISSN: 0144-8617. 

33. Oyeniyi YJ, Itiola OA, 2012, The Physicochemical Characteristic of Microcrystalline 

Cellulose, derived From Sawdust, Agricultural Waste Products, Int J Pharm Pharm Sci, 

4(1), 197-200, ISSN: 0975-1491. 

34. Azubuike CP, Okhamafe AO, 2012, Physicochemical, spectroscopic and thermal properties 

of microcrystalline cellulose derived from corn cobs, International Journal of Recycling of 

Organic Waste in Agriculture, 1(9), ISSN: 2251-7715. 

35. Frank O, Adelakun TA, Augustine O, 2009, Processing pharmaceutical grade 

microcrystalline cellulose from groundnut husk: Extraction methods and characterization, 

International Journal of Green Pharmacy, 3(2), 97-104, ISSN: 0973-8258. 



  References 
 

115 
 

36. Umeh ONC, Nworah AC, Ofoefule SI, 2014, Physicochemical Properties of 

Microcrystalline Cellulose Derived from Indian Bamboo (Bambusa vulgaris), Int. J. Pharm. 

Sci. Rev. Res., 29(2), 5-9, ISSN: 0976 – 044X. 

37. Silviya E, Unnikrishnan G, Soney V, James T, 2010, Cellulose microfibres produced from 

banana plant wastes: Isolation and characterization, Carbohydrate Polymers, 80(3), 852–

859, ISSN: 0144-8617 

38. T. Abitbol, A. Rivkin, et al.,2016, Nanocellulose, a tiny fiber with huge applications, 

Current Opinion in Biotechnology, 39, 76-82, ISSN: 0958-1669. 

39. AD Ning Lin, 2014, Nanocellulose in biomedicine: Current status and future prospect, 

European Polymer Journal, 59: 302-306, ISSN: 0014-3057. 

40. Lim YM, Gwon, HJ, Jeun, JP, Nho YC, 2010, Preparation of cellulose-based nanofibers 

using electrospinning, INTECH Open Access Publisher, ISSN: 0192-303X. 

41. Doshi J, Reneker DH, 1995, Electrospinning process and applications of electrospun fibers, 

Journal of Electrostatics, 35, 151-160, ISSN: 0304-3886. 

42. Frey MW, 2008, Electrospinning cellulose and cellulose derivatives, Polymer Reviews, 48, 

378–391, ISSN: 1558-3724. 

43. Mariano MN, El Kissi, A Dufresne, 2014, Cellulose nanocrystals and related 

nanocomposites: Review of some properties and challenges, J. Polym. Sci. Part B: Polym. 

Phys., 52, 791–806, ISSN: 1099-0488. 

44. HM. Ng, LT Sin, TT Tee, ST Bee, D Hui, CY Low, A. Rahmat, 2015, Extraction of 

cellulose nanocrystals from plant sources for application as reinforcing agent in polymers, 

Composites Part B, 75, 176-200, ISSN: 1359-8368. 

45. D. Trache, MH Hussin, CTH Chuin, S Sabar, MN Fazita, OF Taiwo, T Hassan, MM Haafiz, 

2016, Microcrystalline cellulose: Isolation, characterization and bio-composites application 

– A review, Int. J. Biol. Macromol, 93, 789–804, ISSN: 0141-8130. 

46. VK Thakur (2015) Nanocellulose Polymer Nanocomposites: Fundamentals and 

Applications. John Wiley & Sons. 

47. D. Klemm, F. Kramer, S. Moritz, T. Lindström, M. Ankerfors, D. Gray, A. Dorris, 2011, 

Nanocellulose: A new family of nature based materials, Angew. Chem., Int. Ed., 50 (24), 

5438–5466, ISSN: 1433-7851. 



  References 
 

116 
 

48. RJ Moon, A Martini, J Nairn, J Simonsen, J Youngblood, 2011, Cellulose nanomaterials 

review: structure, properties and nanocomposites, Chem. Soc. Rev., 40, 3941–3994, ISSN: 

1460-4744. 

49. NF Vasconcelos, JPA Feitosa, FMP Gama, JPS Morais, FK Andrade, MSM Desouza, M. 

de Freitas, 2017, Bacterial cellulose nanocrystals produced under different hydrolysis 

conditions: properties and morphological features, Carbohydr. Polym., 155, 425– 431, 

ISSN: 0144-8617.  

50. M Jonoobi, R Oladi, Y Davoudpour, K Oksman, A Dufresne, Y Hamzeh, R Davoodi, 2015, 

Different preparation methods and properties of nanostructured cellulose from various 

natural resources and residues: a review, Cellulose, 22, 935–969, ISSN: 0969-0239. 

51. F Bettaieb, R Khiari, A Dufresne, MF Mhenni, MN Belgacem, 2015, Mechanical and 

thermal properties of Posidonia oceanica cellulose nanocrystal reinforced polymer, 

Carbohydr. Polym, 123, 99–104, ISSN: 0144-8617. 

52. SC Espinosa, T Kuhnt, EJ Foster, C. Weder, 2013, Isolation of thermally stable 

nanocrystals by phosphoric acid hydrolysis, Biomacromolecules, 14, 1223–1230, ISSN: 

1525-7797. 

53. H Yu, Z Qin, B Liang, N Liu, Z Zhou, L. Chen,201, Facile extraction of thermally stable 

cellulose nanocrystals with a high yield of 93% through hydrochloric acid hydrolysis under 

hydrothermal conditions, J. Mater. Chem. A, 1, 3938–3944, ISSN: 1364-5501. 

54. KNM Amin, PK Annamalai, IC Morrow, D Martin, 2015, Production of cellulose 

nanocrystals via a scalable mechanical method, RSC Adv., 5, 57133–57140, ISSN: 2046-

2069. 

55. W Li, J Yue, S Liu, 2012, Preparation of nanocrystalline cellulose via ultrasound and its 

reinforcement capability for poly (vinyl alcohol) composites, Ultrason. Sonochem., 19, 

479–485, ISSN: 1350-4177. 

56. H Charreau, ML Foresti, A Vázquez, 2013, Nanocellulose patent trends: A comprehensive 

review on patents on cellulose nanocrystals, microfibrillated and bacterial cellulose, Recent 

Pat. Nanotechnol., 7, 56–80, ISSN: 2212-4020. 

57. Müller R, Jacobs C, Kayser O, 2001, Nanosuspensions as particulate drug formulations in 

therapy: rationale for development and what we can expect for the future. Adv. Drug 

Delivery Rev., 47 (1), 3–19, ISSN: 1872-8294. 



  References 
 

117 
 

58. Kalia S, Boufi, S, Celli A, Kango S, 2014, Nanofibrillated cellulose: surface modification 

and potential applications, Colloid. Polym. Sci., 292 (1), 5–31, ISSN: 1435-1536. 

59. Dufresne A. (2012) Nano-cellulose: from Nature to High Performance Tailored Materials. 

De Gruyter, Berlin, Boston. 

60. Missoum K, Belgacem MN, Bras J, 2013, Nanofibrillated cellulose surface modification: 

a review, Materials, 6, 1745–1766, ISSN: 1996-1944. 

61. Abdul KH, Davoudpour Y et al., 2014, Production and modification of nanofibrillated 

cellulose using various mechanical processes: a review, Carbohydr. Polym., 99, 649–665, 

ISSN: 0144-8617. 

62. Lavoine N, Desloges I et al., 2012, Microfibrillated cellulose–its barrier properties and 

applications in cellulosic materials: a review, Carbohydr. Polym., 90 (2), 735–764, ISSN: 

0144-8617. 

63. Ferrer A, Filpponen I et al., 2012, Valorization of residual empty palm fruit bunch fibers 

(EPFBF) by microfluidization: production of nanofibrillated cellulose and EPFBF 

nanopaper, Bioresour. Technol., 125, 249–255, ISSN: 0960-8524. 

64. Chen P, Yu H et al, 2013, Concentration effects on the isolation and dynamic rheological 

behavior of cellulose nanofibers via ultrasonic processing, Cellulose, 20 (1), 149–157, 

ISSN: 0969-0239. 

65. T. Saito, A. Isogai, 2006, Introduction of aldehyde groups on surfaces of native cellulose 

fibres by TEMPO-mediated oxidation, Colloids Surf.,289, 219–225, ISSN: 0166-6622. 

66. A Vazquez, ML Foresti, JI Moran, VP Cyras (2015) Handbook of Polymer Nanocomposites: 

Processing, Performance and Application, Springer, pp. 81–118,  

67. A. Dufresne (2013) Nanocellulose: from nature to high performance tailored materials, 

Erscheinungsort nicht ermittelbar, Walter de Gruyter GmbH Co. KG 

68. ZY Qin, G Tong et al, 2011, Dual counterion systems of carboxylated nanocellulose films 

with tunable mechanical, hydrophilic and gas barrier properties, Bio Resources, 6, 1136–

1146, ISSN: 1930-2126. 

69. X Cao, B Ding et al, 2012, Cellulose nanowhiskers extracted from TEMPO-oxidized jute 

fibres, Carbohydr. Polym., 90, 1075–1080, ISSN: 0144-8617. 

70. Y Okita, T Saito, A. Isogai, 2010, Entire surface oxidation of various cellulose microfibrils 

by TEMPO-mediated oxidation, Biomacromolecules, 6, 1696–1700, ISSN: 1525-7797. 



  References 
 

118 
 

71. B Sun, Q Hou, Z Liu,Y Ni, 2015, Sodium periodate oxidation of cellulose nanocrystal and 

its application as a paper wet strength additive, Cellulose, 22, 1135– 1146, ISSN: 0969-

0239. 

72. M Visanko, H Liimatainen et al., 2014, Amphiphilic cellulose nanocrystals from acid free 

oxidative treatment: Physicochemical characteristics and use as an Oil-Water stabilizer, 

Biomacromolecules, 15, 2769–2775, ISSN: 1525-7797. 

73. M Cheng, Z Qin et al., 2014, Efficient extraction of carboxylated spherical cellulose 

nanocrystals with narrow distribution through hydrolysis of lyocell fibers by using 

ammonium persulfate as an oxidant, J. Mater. Chem. A, 2, 251–258, ISSN: 1364-5501. 

74. AC Leung, S Hrapovic et al., 2011, Characteristics and properties of carboxylated cellulose 

nanocrystals prepared from a novel one step procedure, Small, 7, 302–305, ISSN: 1613-

6810. 

75. X Chen, X Deng et al., 2012, Controlled enzymolysis preparation of nanocrystalline 

cellulose from pretreated cotton fibres, BioResources, 7, 4237–4248, ISSN: 1930-2126. 

76. J Zhang, B Zhang et al., 2010, Effect of phosphoric acid pretreatment on enzymatic 

hydrolysis of microcrystalline cellulose, Biotechnol. Adv., 28, 613–619, ISSN: 0734-9750. 

77. IK Abushammala, MP Laborie, 2015, Ionic liquid mediated technology to produce 

cellulose nanocrystals directly from wood, Carbohydr. Polym., 134, 609–616, ISSN: 0144-

8617. 

78. J Mao, B Heck et al., 2015, Cellulose nanocrystals’ production in near theoretical yields by 

1-butyl-3-mrthylimidazolium hydrogen sulfate mediated hydrolysis, Carbohydr. Polym., 

117, 443–451, ISSN: 0144-8617. 

79. Z Man, N Muhammad et al., 2011, Preparation of cellulose nanocrystals using an Ionic 

liquid, J. Polym. Environ., 19, 726–731, ISSN: 1572-8919. 

80. Mao A, MP Laborie, 2013, Preparation of cellulose nanowhiskers with a mildly acidic 

aqueous ionic liquid: reaction efficiency and whiskers attributes, Cellulose, 20, 1829–1840, 

ISSN: 0969-0239. 

81. J Miao, Y Yu, 2016, One pot preparation of hydrophobic cellulose nanocrystals in an Ionic 

liquid, Cellulose, 23, 1209–1219, ISSN: 0969-0239. 

82. LP Novo, J Bras et al.,2016, A study of the production of cellulose nanocrystals through 

subcritical water hydrolysis, Ind. Crops Prod., 93, 88–95, ISSN: 0926-6690. 



  References 
 

119 
 

83. LP Novo, J Bras et al., 2015, Subcritical water: A method for green production of cellulose 

nanocrystals, ACS Sustainable Chem. Eng., 3, 2839–2846, ISSN: 2168-0485. 

84. L Brinchi, F Cotana et al., 2013, Production of nanocrystalline cellulose from 

lignocellulosic biomass: Technology and applications, Carbohydr. Polym., 94, 154–169, 

ISSN: 0144-8617. 

85. Nagarajan KJ, Balaji AN, Ramanujam NR, 2019, Extraction of cellulose nanofibers from 

cocos nucifera var aurantiaca peduncle by ball milling combined with chemical treatment, 

Carbohydrate Polymers, 212: 312-322, ISSN: 0144-8617. 

86. Supian MAF, Amin KNM, Jamari SS, Mohamad S, 2019, Production of cellulose nanofiber 

(CNF) from empty fruit bunch (EFB) via mechanical method, Journal of Environmental 

Chemical Engineering, ISSN: 2213-3437. 

87. Melikoglu AY, Bilek SE, Cesur S, 2019, Optimum alkaline treatment parameters for the 

extraction of cellulose and production of cellulose nanocrystals from apple pomace, 

Carbohydrate Polymers, 215, 330-337, ISSN: 0144-8617. 

88. Ticiane T, Luana AS, 2017, Cellulose nanocrystals from acacia bark–Influence of solvent 

extraction, International Journal of Biological Macromolecules, 101, 553-561, ISSN: 1879-

0003. 

89. Campano C, Miranda R et al., 2017, Direct production of Cellulose Nanocrystals from old 

newspapers and recycled newsprints, Carbohydrate Polymers, 173, 489-496, ISSN: 0144-

8617. 

90. Md Sakinul, Nhol Kao et al.,2018, Potential aspect of rice husk biomass in Australia for 

nanocrystalline cellulose production, Chinese Journal of Chemical Engineering, 26(3), 

465-476, ISSN: 1004-9541. 

91. AP Travalini, E Prestes et al., Extraction and Characterization of Nanocrystalline Cellulose 

from Cassava Bagasse, J Polym Environ, ISSN: 1566-2543. 

92. FB Oliveiraa, JB Maria et al., 2016, Production of cellulose nanocrystals from sugarcane 

bagasse fibersand pith, Industrial Crops and Products, 93, 48-57, ISSN: 0926-6690. 

93. S Donga, Michael J, 2016, Analysis of the sulfuric acid hydrolysis of wood pulp for 

cellulose nanocrystal production: A central composite design study, Industrial Crops and 

Products, 93, 76-87, ISSN: 0926-6690. 

94. Noor AN, Othman S et al., 2017, Oil Palm Frond Waste for the Production of Cellulose 

Nanocrystals, Journal of Physical Science,28(2), 115–126, ISSN: 1675-3402. 



  References 
 

120 
 

95. M Mohamed, W Salle et.al., 2015, Physicochemical properties of “green” nanocrystalline 

cellulose isolated from recycled newspaper, RSC Advances, 5, 29842-29849, ISSN: 2046-

2069. 

96. Liu Y, Wang H et.al, 2014, A novel approach for the preparation of nanocrystalline 

cellulose by using phosphotungstic acid, Carbohydrate Polymer, 110, 415-422, ISSN: 

0144-8617. 

97. S Mueller, C Weder et al., 2014, Isolation of cellulose nanocrystals from pseudostems of 

banana plants, RSC Advances, 4, 907–915, ISSN: 2046-2069. 

98. Nascimento DM, Almeida JS et.al, 2014, A novel green approach for the preparation of 

cellulose nanowhiskers from white coir, Carbohydrate Polymer, 110, 456–463, ISSN: 

0144-8617 

99. RM dos Santos, WPF Neto et.al., 2013, Cellulose nanocrystals from pineapple leaf, a new 

approach for the reuse of this agro-waste, Industrial Crops and Products, 50, 707-714, 

ISSN: 0926-6690 

100. JP Moraisa, MF Rosab et al.,2013, Extraction and characterization of nanocellulose 

structures from raw cotton linter, Carbohydrate Polymers, 91, 229– 235, ISSN: 0144-8617. 

101. A Mandal, D Chakrabarty, 2011, Isolation of nanocellulose from waste sugarcane bagasse 

(SCB) and its characterization, Carbohydrate Polymers, 86, 1291– 1299, ISSN: 0144-8617. 

102. L Ravindran, MS Sreekala et al., 2019, Novel processing parameters for the extraction of 

cellulose nanofibres (CNF) from environmentally benign pineapple leaf fibres (PALF): 

Structure-property relationships, International Journal of Biological Macromolecules, 131, 

858–870, ISSN: 1879-0003. 

103. Sirviö JA, Visanko M et al.,2015, Deep eutectic solvent system based on choline chloride-

urea as a pre-treatment for nanofibrillation of wood cellulose, Green Chemistry, 17(6), 

3401-3406, ISSN: 1463-9262. 

104. L Chen, J Zhu et al., 2016, Highly Thermal-stable and Functional Cellulose Nanocrystals 

and Nanofibrils Produced Using Fully Recyclable Organic Acids, Green Chemistry, 18, 

3835- 3843, ISSN: 1463-9262. 

105. M Mariano, R Cercená et al., 2016, Thermal characterization of cellulose nanocrystals 

isolated from sisal fibers using acid hydrolysis, Industrial Crops and Products, 94, 454–

462, ISSN: 0926-6690.  



  References 
 

121 
 

106. Du HS, Liu C et.al, 2016, Preparation and characterization of thermally stable cellulose 

nanocrystals via a sustainable approach of FeCl3- catalyzed formic acid hydrolysis, 

Cellulose, 23 (4), 2389-2407, ISSN: 0969-0239. 

107. HY Yu, DZ Zhang et.al, 2016, New Approach for single-step extraction of carboxylated 

cellulose nanocrystals for their use as adsorbents and flocculants, ACS Sustainable 

Chemistry & Engineering, 4 (5), 2632-2643, ISSN: 2168-0485. 

108. Y Wanga, X Wei et al.,2017, Homogeneous isolation of nanocellulose from eucalyptus 

pulp by high pressure homogenization, Industrial Crops & Products, 104, 237–241, ISSN: 

0926-6690. 

109. Y Li, Y Liu et.al., 2016, Clean synthesis of primary to tertiary carboxamides by csoh 

catalyzed aminolysis of nitriles in water, Green Chemistry, 18, 4865-4870, ISSN: 1463-

9262 

110. Chaker A, Alila S, et.al., 2012, Key role of the hemicellulose content and the cell 

morphology on the nanofibrillation effectiveness of cellulose pulps, Cellulose, 20, 2863–

2875, ISSN: 0969-0239. 

111. SR Anderson, D Esposito, 2014, Enzymatic preparation of nanocrystalline and 

microcrystalline cellulose. TAPPI J. 13 (5), 35–42, ISSN: 0734-1415. 

112.  Y Xu, J Salmi et. Al., 2013, Feasibility of nanocrystalline cellulose production by 

endoglucanase treatment of natural bast fibers, Ind. Crops Prod., 51, 381–384, ISSN: 0926-

6690 

113. P. Satyamurthy, P. Jain et al.,2011, Preparation and characterization of cellulose 

nanowhiskers from cotton fibres by controlled microbial hydrolysis, Carbohydr. Polym., 

83 (1), 122–129, ISSN: 0144-8617. 

114. J Lazko, T Sénéchal et al., 2016, Acid-free extraction of cellulose type I nanocrystals using 

Brønsted acid-type ionic liquids,  Nanocomposites, 2 (2), 65–75, ISSN: 1980-5373. 

115. LP Novo, J Bras et al., 2016, Study of the production of cellulose nanocrystals through 

subcritical water hydrolysis, Ind. Crops Prod., 93, 88–95, ISSN: 0926-6690. 

116. LP Novo, J Bras et al., 2015,  Subcritical Water: A Method for Green Production of 

Cellulose Nanocrystals, ACS Sustainable Chem. Eng., 3 (11), 2839–2846, ISSN: 2168-

0485. 



  References 
 

122 
 

117. J Lazko, T Sénéchal et al., 2014, Well defined thermostable cellulose nanocrystals via two-

step ionic liquid swelling-hydrolysis extraction, Cellulose, 21 (6), 4195–4207, ISSN: 0969-

0239. 

118. R Rohaizu, W Wanrosli, 2017, Sono-assisted TEMPO oxidation of oil palm lignocellulosic 

biomass for isolation of nanocrystalline cellulose, Ultrason. Sonochem, 34, 631–639, ISSN: 

1350-4177. 

119. SBA Hamid, SK Zain et al., 2016, Synergic effect of tungstophosphoric acid and sonication 

for rapid synthesis of crystalline nanocellulose, Carbohydr. Polym., 138, 349–355, ISSN: 

0144-8617. 

120. Y Tang, X Shen et.al., 2015, Extraction of cellulose nano-crystals from old corrugated 

container fiber using phosphoric acid and enzymatic hydrolysis followed by sonication, 

Carbohydr. Polym., 125, 360–366, ISSN: 0144-8617. 

121. Liu C, Li B, et al., 2016, Properties of nanocellulose isolated from corncob residue using 

sulfuric acid, formic acid, oxidative and mechanical methods. Carbohydrate Polymers, 

151,716-724, ISSN: 0144-8617. 

122. Sami B, Achraf C, 2016, Easy production of cellulose nanofibrils from corn stalk by a 

conventional high speed blender, Industrial Crops and Products,93, 39-47, ISSN: 0926-

6690. 

123. Soni B, Hassan EB, et.al., 2015, Chemical isolation and characterization of different 

cellulose nanofibers from cotton stalks, Carbohydrate Polymers, 10,134:581-9. ISSN: 

0144-8617. 

124. Z Lu, L Fan et al., 2013, Preparation, characterization and optimization of nanocellulose 

whiskers by simultaneously ultrasonic wave and microwave assisted, Bioresour. Technol., 

146, 82–88, ISSN: 0960-8524. 

125. Acharya SK, Mishra P et al., 2011, Effect of surface treatment on the mechanical on the 

mechanical properties of bagasse fiber reinforced polymer composite, Bioresource, 6, 

3155–3165, ISSN: 1930-2126. 

126. Belbekhouche S, Bras J et al., 2011, Water sorption behavior and gas barrier properties of 

cellulose whiskers and microfibrils films, Carbohydr Polym, 83, 1740–1748, ISSN: 0144-

8617. 



  References 
 

123 
 

127. Swain SK, Dash S et al., 2013, Cellulose nanobiocomposites with reinforcement of boron 

nitride: study of thermal, oxygen barrier and chemical resistant properties, Carbohydr 

Polym, 95, 728–732, ISSN: 0144-8617. 

128. Espino-Pe´rez E, Bras J et al.,2013, Influence of chemical surface modification of cellulose 

nanowhiskers on thermal, mechanical, and barrier properties of poly(lactide) based 

bionanocomposites, Euro Pol J, 49, 3144–3154, ISSN: 0014-3057. 

129. Floros M, Hojabri L et al., 2012, Enhancement of thermal stability, strength and 

extensibility of lipid-based polyurethanes with cellulose-based nanofibers, Polym Degrad 

Stab, 97, 1970–1978, ISSN: 0141-3910. 

130. Mesquita JP, Donnici CL, et al., 2012, Biobased nanocomposites obtained through covalent 

linkage between chitosan and cellulose nanocrystals, Carbohydr Polym, 90(1), 210–217, 

ISSN: 0144-8617. 

131. Minelli M, Baschetti MG et al., 2010, Investigation of mass transport properties of 

microfibrillated cellulose (MFC) films, J Membr Sci, 358, 67–75, ISSN: 0376-7388. 

132. Savadekar NR, Mhaske ST, 2012, Synthesis of nano cellulose fibers and effect on 

thermoplastics starch-based films, Carbohydr Polym, 89, 146–151, ISSN: 0144-8617. 

133. Siqueira G, Abdillahi H et al., 2010, High reinforcing capability cellulose nanocrystals 

extracted from Syngonanthus nitens (Capim Dourado), Cellulose, 17, 289–298, ISSN: 

0969-0239. 

134. Sehaqui H, Allais M et al., 2011, Wood cellulose biocomposites with fibrous structures at 

micro and nanoscale, Compos Sci Technol, 71, 382–387, ISSN: 0266-3538. 

135. Sun JX, Sun XF et al., 2004, Isolation and characterization of cellulose from sugarcane 

bagasse, Polym Degrad Stab, 84, 331–339, ISSN: 0141-3910. 

136. Siqueira G, Bras J et al., 2008, Cellulose whiskers versus microfibrils: influence of the 

nature of the nanoparticle and its surface functionalization on the thermal and mechanical 

properties of nanocomposites, Biomacromol, 10, 425–432, ISSN: 1525-7797. 

137. Ning Lin. Cellulose nanocrystals: surface modification and advanced materials. Chemical 

and Process Engineering. University Grenoble Alpes, 2014. English 

138. Pereda M, Dufresne A et al., 2014, Polyelectrolyte films based on chitosan/olive oil and 

reinforced with cellulose nanocrystals, Carbohyd Polym, 101, 1018-26, ISSN: 0144-8617. 



  References 
 

124 
 

139. S Shankar, JW Rhim, 2016, Preparation of nanocellulose from micro-crystalline cellulose: 

the effect on the performance and properties of agar-based composite films, Carbohydrate 

Polymers, 135, 18–26, ISSN: 0144-8617. 

140. S Ahmad, M Amin, 2015, Cellulose nanocrystals extracted from rice husks as a reinforcing 

material in gelatin hydrogels for use in controlled drug delivery systems, Industrial Crops 

and Products,93,227-234, ISSN: 0926-6690. 

141. Bayram P, Ayhan T et al., 2017, Matrix impact on the mechanical, thermal and electrical 

properties of microfluidized nanofibrillated cellulose composites, J Polym Eng, 37 (9), 

2017-022, ISSN: 0334-6447. 

142. MMN Kumode, GIM Bolzon, et al., 2017, Microfibrillated Nanocellulose from Balsa Tree 

as Potential Reinforcement in the Preparation of ´Green´ Composites with Castor Seed 

Cake, Journal of Cleaner Production,149, 1157-1163,ISSN: 0959-6526. 

143. PM Young, D Traini et al., 2017, Novel nano-cellulose excipient for generating non- 

Newtonian droplets for targeted nasal drug delivery, Drug Development and Industrial 

Pharmacy, 43(10),1729-1733,ISSN: 1520-5762. 

144. Rambabu N, et al., 2015, Production of nanocellulose fibers from pinecone biomass: 

Evaluation and optimization of chemical and mechanical treatment conditions on 

mechanical properties of nanocellulose films, Ind. Crops Prod., 83, 746-754 ISSN: 0926-

6690. 

145. Ardanuy M, Claramunt J, et al., 2012, Nanofibrillated cellulose (NFC) as a potential 

reinforcement for high performance cement mortar composites, Bio Resources 7(3), 3883-

3894, ISSN: 1930-2126. 

146. FMI, The Global Market for Nanocellulose to 2017, Future Markets Inc. Technology 

Report No. 60, Second Edition, 2012, p. 38. 

147. Yu, L., et al. (2006) Prog. Polym. Sci. 31(6), 576, ISSN: 0079-6700.  

148. Larsson, K., Berglund, L.A., Ankerfors, M., et al. (2012) J. Appl. Polym. Sci. 125(3), 2460, 

ISSN: 1097-4628. 

149. VTT, Innovation and Competitiveness from Nanocellulose,” VTT Technical Research 

Centre of Finland, Espoo, Finland, 2011. Available [Online] 

http://www.vtt.fi/news/2011/01192011nano. jsp?lang=en>[21May2014]. 



  References 
 

125 
 

150. Wang M, Anoshkin IV et al., 2013, Modifying native nanocellulose aerogels with carbon 

nanotubes for mechanoresponsive conductivity and pressure sensing Adv. Mater, 

25(17):2428-32, ISSN: 1521-4095. 

151. K Nelson, T Retsina et al., 2016, American process: Production of low cost nanocellulose 

for renewable advanced materials applications, Materials Research for Manufacturing 

152. Nanocellulose Future Markets: www.futuremarketsinc.com 

153. N Seedher, M Kanojia, 2009, Co-solvent solubilization of some poorly-soluble antidiabetic 

drugs, Pharmaceutical Development and Technology, 14 (2), 185–192, ISSN: 1097-9867. 

154. Y Bachhav, V Patravale, 2009, SMEDDS of glyburide: formulation, in vitro evaluation, 

and stability studies, AAPS Pharm Sci Tech, 10 (2), 482–487, ISSN: 1530-9932. 

155. S Singh, P Verma, B Razdan (2010) Glibenclamide-loaded self-nanoemulsifying drug 

delivery system: development and characterization, Drug Development and Industrial 

Pharmacy, 36 (8), 933–945, ISSN: 1520-5762. 

156. S Singh, K Srinivasan et al., 2011, Investigation of preparation parameters of 

nanosuspension by top-down media milling to improve the dissolution of poorly water-

soluble glyburide, European Journal of Pharmaceutics and Biopharmaceutics, 78 (3), 441–

446, ISSN: 0939-6411.  

157. Analytical Profile of Drug substances, Glibenclamide, 1981), 10 , pp 337-355. 

158. M Lindenberg, S Kopp et al., 2004, Classification of orally administered drugs on the 

World Health Organization model list of essential medicines according to the 

biopharmaceutics classification system, European Journal of Pharmaceutics and 

Biopharmaceutics, 58, 265–278, ISSN: 0939-6411. 

159. S Otoom, M Hasan et al., 2001, the bioavailability of glyburide (glibenclamide) under 

fasting and feeding conditions: a comparative study, International Journal of 

Pharmaceutical Medicine, 15, 117–120, ISSN: 1364-9027. 

160. JG Hardman, LE Limbird (2001) Insulin, Oral Hypoglycemic Agents, and the 

Pharmacology of the Endocrine Pancreas, 10 ed., McGraw Hill. 

161. Shangraw RF (1989) Compressed Tablets by Direct Compression Granulation 

Pharmaceutical Dosage Forms: Tablets, Vol-1, 2nd ed, Marcel Dekker, USA, pp. 195-246 

162. Shangraw RF (1989) Direct Compression Tableting, Encyclopedia of Pharmaceutical 

Technology, Vol-4, 2nd ed., Marcel Dekker, USA, pp. 85-160. 

http://www.futuremarketsinc.com/


  References 
 

126 
 

163. Shangraw RF, Demarest DA, 1993, Survey of current practices in the formulation and 

manufacture of tablets and capsules, Pharm. Technol., 17, 32- 44, ISSN: 1543-2521. 

164. Armstrong NA, 1997, Selection of excipients for direct compression tablet formulation, 

Pharm. Technol. Eur., 9, 24-30, ISSN: 0164-6826. 

165. Robertson MI, 1999, Regulatory Issues with Excipients, Int. J. Pharm., 187, 273-276, ISSN: 

0378-5173. 

166. Silverstein I, 2002,  Excipient GMP Quality Standards One is Enough, Pharm. Technol., 

25, 46-52, ISSN: 1543-2521. 

167. Shangraw RF, Dermarest D, 1993, A survey of current industrial practices in the 

formulation and manufacture of tablets and capsules, Pharm Tech, 17(1), 32-44, ISSN: 

1543-2521. 

168. Amidon GE, Secreast PM et al., (2009) Compact characterization, Developing Solid Oral 

Dosage Forms: Pharmaceutical Theory and Practice, Elsevier Inc.: USA. 

169. Lahdenpaa E,  Niskanen Met al., Crushing strength, disintegration time and weight 

variation of tablets compressed from three avicel PH grades and their mixtures, Eur. J. 

Pharm. Biopharm., 43, 315-322, ISSN: 1873-3441. 

170. Bolhuis GK, Lerk CF, 1973, Comparative Evaluation of Excipients for Direct Compression 

Part 1, Pharma. Week, 108, 469-481, ISSN: 2249-9245. 

171. Hwang R, Peck GR, 2001, A systematic evaluation of the compression and tablets 

characteristics of various types of microcrystalline cellulose, Pharm. Technol., 24, 112-132, 

ISSN: 1543-2521. 

172. Obae K, Iijima H, 1999, Morphological effect of microcrystalline cellulose particles on 

tablet tensile strength, Int. J. Pharm., 182, 155-164, ISSN: 0378-5173. 

173. Pesonen T, Paronen P, 1986, Evaluation of a new cellulose material as binding agent for 

direct compression of tablets, Drug Dev. Ind. Pharm., 12, 2091- 2111, ISSN: 1520-5762. 

174. Ishikawa T, Mukai B et al.,2001, Preparation of Rapidly Disintegrating Tablet Using New 

Types of Microcrystalline Cellulose (PH-M Series) and Low Substituted-

Hydroxypropylcellulose or Spherical Sugar Granules by Direct Compression Method, 

Chem. Pharm. Bull, 49, 134 –139, ISSN: 1347-5223. 

175. Kothari SH, Umar V et al., 2002, Comparative evaluations of powder and mechanical 

properties of low crystallinity celluloses, microcrystalline celluloses, and powdered 

celluloses, Int. J. Pharm., 232, 69-80, ISSN: 0378-5173. 



  References 
 

127 
 

176. Hasegawa M, 2002, Direct Compression Microcrystalline Cellulose Grade 12 versus 

Classic Grade 102, Pharm. Technol., 25, 50-60, ISSN: 1543-2521. 

177. Schröder, Kleinebudde, 1995, Influence of formulation parameters on dissolution of 

propyphenasone pellets, European Journal of Pharmaceutics and Biopharmaceutics. 41, 

382-387, ISSN: 0939-6411. 

178. Conine, Hadley, 1970, Preparation of small solid pharmaceutical spheres, Drug Cosmet 

Ind, 106, 38-41, ISSN: 0012-6527. 

179. Wlosnewski, P Sriamornsak, et al.,2010, Effect of drying technique and disintegrant on 

physical properties and drug release behavior of microcrystalline cellulose-based pellets 

prepared by extrusion/spheronization, chemical engineering research and design, 88, 100-

109, ISSN: 0263-8762. 

180. Bashaiwoldu, Podczeck et al., 2004, A study on the effect of drying techniques on the 

mechanical properties of pellets and compacted pellets, European Journal of 

Pharmaceutical Science, 21, 119-129, ISSN: 0928-0987 

181. Gomez-Carracedo et al., 2007, Microstructural and drug release properties of oven dried 

and of slowly or fast frozen freeze-dried MCC-Carbopol pellets, European Journal of 

Pharmaceutics and Biopharmaceutics, 67, 236-245, ISSN: 0939-6411. 

182. Chohan RK, Newton JM, 1996, Analysis of extrusion of some wet powder masses used in 

extrusion/spheronisation, Int J Pharm,131, 201–207, ISSN: 0378-5173 

183. Levis S, Deasy P, 2001, Pharmaceutical applications of size reduced grades of surfactant 

co-processed microcrystalline cellulose, Int J Phar, 230, 25–33, ISSN: 0378-5173  

184. Luukkonen P, Newton J et al., 2001, Use of a capillary rheometer to evaluate the rheological 

properties of microcrystalline cellulose and silicified microcrystalline cellulose wet masses, 

Int J Pharm, 216, 147–157, ISSN: 0378-5173. 

185. Spireas S (2002) Liquisolid systems and methods of preparing same, U.S. Patent 

6423339B1. 

186. Sanjeev G, Ravindra J,2009, Liquisolid Technique for Enhancement of Dissolution 

Properties of Bromhexine Hydrochloride. Research J. Pharm. and Tech., 382-386, ISSN: 

0974-3618. 

187. Y Javadzadeh, MR Siahi-Shadbad  et al., 2005, Enhancement of dissolution rate of 

Piroxicam using liquisolid compacts, IL Farmaco, 60, 361–365, ISSN: 0014-827X 



  References 
 

128 
 

188. Sanjeev RG, Ravindra J, 2010, Formulation and characterization of Atorvastatin Calcium 

liquisolid compacts, Asian J Pharm, 5 (2), 50-60, ISSN: 2455-2674. 

189. Hitendra SM, Manoj RD, et al., 2011, Enhanced Dissolution Rate of Glipizide by a 

Liquisolid Technique, International Journal of Pharmaceutical Sciences and 

Nanotechnology, 3(4), 1205-1211, ISSN: 0974-3278. 

190. British Pharmacopoeia Vol. I and II (2004) Her Majesty’s Stationery Office, University 

Press, Cambridge. 

191. CK Kokate, AP Purohit, SB Gokhale (2008)Pharmacognosy,14th Edition, Nirali Prakashan, 

Pathway to screen photochemical nature of nature drug, pp. 2-6. 

192. Segal L, Creely JJ et al., 1959, An empirical method for estimating the degree of 

crystallinity of native cellulose using the x-ray diffractometer. Text Res J, 29:786-94. 

193. Carr RL, 1965, Evaluating flow properties of solids. Chem Eng, 72, 163-8. 

194. The United State Pharmacopoeia (USP), National Formulary (2012) M. D. Asian, Ed., USP 

35/NF 30, Powder flow:1174 ,United State Pharmacopeial Convention, Rockville, Md, 

USA, 801-804 

195. Albert SR, Herbert AL, Robert FS (2013) In: The Theory And Practice Of Industrial 

Pharmacy, Drying, Cbs Publishers & Distributors Pvt. Ltd., New Delhi,pp. 47-65 

196. Nagar M, Panwar KS, et al., (2010). Quality by design: A systematic approach to 

pharmaceutical development. Der Pharm Lett.,2(2):111-130. 

197. Journals H, Article R, et al., (2015). Pharmaceutical Quality-by-Design ( QbD ): Basic 

Principles,1, 1-19. 

198. Sood S, Jain K, et al., 2014, Optimization of curcumin nanoemulsion for intranasal delivery 

using design of experiment and its toxicity assessment. Colloids Surfaces B Biointerfaces, 

113, 330-337.  

199. Neelkant P, Roshan I et al., 2016, Ultraviolet-visible spectrophotometric method for 

estimation of the glibenclamide in presence of liposomal/proliposomal turbidity, Indian 

Journal of Chemical Technology, 23, 318-322 

200. Lachman L, Libermann HA, Kanig JL (1991) The Theory and Practice of Industrial 

Pharmacy. 3rd ed. Bombay: Varghese Publisher House, Philadelphia (USA), pp. 297-303. 

201. Indian Pharmacopoeia  Volume 1 (2007) Pharmaceutical Methods, The Indian 

Pharmacopoeia Commission Ghaziabad , pp.177-183, 



  References 
 

129 
 

202. S Dastmalchi, A Garjani, et al., 2005, Enhancing dissolution, serum concentrations and 

hypoglycaemic effect of glibenclamide using solvent deposition technique.J .Pharm 

.Pharmaceut .Sci.,8(2),175-181 

203. ICH Harmonised Tripartite Guideline, Stability Testing of New Drug Substances and 

Products, Q1A (R2).  

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/ 

Q1A_R2/Step4/Q1A_R2__Guideline.pdf 

204. Spireas SS, Jarowski CI, Rohera BD, 1992, Powdered Solution Technology: Principles and 

Mechanism. Pharm Res, 9, 1351-8 

205. Costa P, 2001, An alternative method to the evaluation of similarity factor in dissolution 

testing. Int J Pharm, 220: 77-83.  

206. Liu Z, Li X, Xie W, 2017, Carrageenan as a dry strength additive for papermaking. Plos 

One, 12, 13-26. 

207. Xie W, Song Z, Liu Z, Qian X, 2016, Surface modification of PCC with guar gum using 

organic titanium ionic crosslinking agent and its application as papermaking filler. 

Carbohydrate Polymers, 150, 114-20. 

208. Rosa SML, Rehman et al., 2012, Chlorine-free extraction of cellulose from rice husk and 

whisker isolation. Carbohydrate Polymers, 87, 1131-8. 

209. Jiang F, Hsieh YL, 2015, Cellulose nanocrystal isolation from tomato peels and assembled 

nanofibers. Carbohydrate Polymers, 122, 60-8. 

210. Sain M, Panthapulakkal S,2006, Bioprocess preparation of wheat straw fibres and their 

characterisation. Ind Crops Products, 23, 1-8. 

211. Isogai I (1994) Allomorphs of cellulose and other polysaccharides. Gilbert RD. ed 

(Cincinnati) Cellulosic polymers, blends and composites, Hanser/Gardner Publications. 

212. Ryshkewitch E,1953, Compression strength of porous sintered alumina and zirconia. J Am 

Ceramic Soc, 36,65-8. 

213. Wang L, Han G, Zhang Y, 2007, Comparative study of composition, structure and 

properties of Apocynum venetum fibers under different pretreatments. Carbohydrate 

Polymers, 69,391-7. 

214. El-Sakhawy M, Hassan ML, 2007, Physical and mechanical properties of microcrystalline 

cellulose prepared from agricutural residues. Carbohydr Polym, 67, 1-10. 

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/


  References 
 

130 
 

215. Suesat J, Suwanruji P, 2011, Preparation and properties of microcrystalline cellulose from 

corn residues. Adv Mater Res, 1781-4. 

216. Alemdar, A, Sain, M, 2008, Isolation and characterization of nanofibres from agricultural 

residues-wheat straw and soy hulls. Bioresource Technology,  99, 1664–1671. 

217. Johar N, Ahmad I, Dufresne A, 2012, Extraction, preparation and characterization of 

cellulose fibres and nanocrystals from rice husk. Industrial Crops and Products, 37, 93–99. 

218. De Menezes AJ, Siqueira G et al., 2009, .Extrusion and characterization of functionalized 

cellulose whiskers reinforced polyethylene nanocomposites. Polymer, 50, 4552–4563. 

219. Lee SY, Mohan DJ et al., 2009, Nanocellulose reinforced PVA composite films: Effects of 

acid treatment and filler loading. Fibers and Polymers,10, 77–82. 

220. Peck GE, Baley GJ (1989) Tablet formulation and design. In: Lieberman HA, Lechman L, 

Schwarz JB (eds) Pharmaceutical dosage forms. Marcel Dekker, New York, pp. 75–130 

221. Wells JI (1988) Pharmaceutical preformulation: the physicochemical properties of drug 

substances, 1st edn. John Wiley and Sons, New York 

222. RC Rowe, PJ Sheskey, SC Owen. (2006) Handbook of Pharmaceutical Excipients. 

Pharmaceutical Press and American Pharmacists Association. 

223. Johar N, Ahmad I, Dufresne A, 2012, Extraction, preparation and characterization of 

cellulose fibres and nanocrystals from rice husk,  Industrial Crops Products, 37, 93-9. 

224. Espino E, Cakir M, et al., 2014, Isolation and characterization of cellulose nanocrystals 

from industrial by-products of agave tequilana and barley. Industrial Crops Products, 62, 

552-9. 

225. Kallel F, Bettaieb F et al., 2016, Isolation and structural characterization of cellulose 

nanocrystals extracted from garlic straw residues, Industrial Crops Products, 87, 287-96. 

226. https://www.accessdata.fda.gov/scripts/cder/dissolution/dsp_SearchResults.cfm 

227. Balagani PK, Irisappan SC, Korlakunta NJ, 2013, Formulation development and evaluation 

of glibenclamide loaded eudragit RLPO microparticles, Int Curr Pharm J, 2, 196-201. 

228. Kumar BS, Saraswathi R et al., 2014, Development and characterization of lecithin 

stabilized glibenclamide nanocrystals for enhanced solubility and drug delivery, Drug 

Deliv, 21, 173-84. 

229. Guan J, Han J et al.,2014, Increased dissolution rate and oral bioavailability of hydrophobic 

drug glyburide tablets produced using supercritical CO2 silica dispersion technology, Eur 

J Pharm Biopharm, 86, 376-82. 

https://www.accessdata.fda.gov/scripts/cder/dissolution/dsp_SearchResults.cfm


  References 
 

131 
 

230. Jeevana JB, Mounika M, 2019, Assessment of self-extracted cellulose from oryza sativa 

for design of controlled drug delivery system of dalfampridine, Asian J Pharm Clin Res 12, 

338-45. 

231. Mura P, Furlanetto S et al., 2005, Optimization of glibenclamide tablet composition through 

the combined use of differential scanning calorimetry and D-optimal mixture experimental 

design, J Pharm Biomed Anal, 37, 65-71. 

232. Mohammed A, Mohd A et al., 2016, Application of box-behnken design for preparation of 

glibenclamide loaded lipid based nanoparticles: Optimization, in vitro skin permeation, 

drug release and in vivo pharmacokinetic study, J Mol Liq, 219, 897-908. 

 



Appendices 

132 
 

Appendix A 

 



  List of Publications and Patent 
 

133 
 

Publications from the present research work: 

 Vora RS, Shah YD, 2019, Investigation of critical material attributes of nanocellulose in 

tablets, Asian journal of pharmaceutical and clinical research, 12(7), 256-265. 

 Vora RS, Shah, YD, 2019, Investigation of quality target process parameters (QTPP) and 

critical material attributes (CMA) of nanocellulose as a potential excipient, International 

journal of applied pharmaceutics, 11(4), 386-395. 

 Vora RS, Shah YD, 2017, Extraction, Characterization of micro crystalline cellulose obtained 

from corn husk using different acid alkali treatment method, Indo american journal of 

pharmaceutical sciences, 4(8), 2399-2408. 

 Vora RS, Shah, YD, 2015, Production of micro crystalline cellulose from corn husk and its 

evaluation as pharmaceutical excipient.  International journal of research and scientific 

innovation, 2(11), 69-74. 

 

Papers Presented: 
 

 Vora R. et al., 2018, Production of nanocellulose (NC) –a novel excipient extracted from corn 

husk an agricultural waste” Presented in International Conference on Herbal Medicines: 

Research and Commerce–Global Perspectives, L.M.C.P, Ahmedabad, India 

 Vora, R. et al., 2017, Formulation& Evaluation of Glibenclamide Tablet Using Nano 

Cellulose Extracted from Corn Husk” Presented in 69th IPC, Chandigarh, India. 

 

Patent filed: 

Title: Pharmaceutical Formulation of Glibenclamide 

Patent Reference No: E-2/2470/2018/MUM 

Patent Application No: IN 201821012286  

Application date: 31/03/2018 

 



 

 

Original Article 

INVESTIGATION OF QUALITY TARGET PROCESS PARAMETERS (QTPP) AND CRITICAL 
MATERIAL ATTRIBUTES (CMA) OF NANOCELLULOSE AS A POTENTIAL EXCIPIENT 

 

ROSHNI VORA1,2, YAMINI SHAH2 

1Gujarat Technological University, Chandkheda, Ahmedabad, Gujarat, India, 2

Received: 18 Apr 2019, Revised and Accepted: 01 Jun 2019 

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). 

 



Vora et al. 
Int J App Pharm, Vol 11, Issue 4, 2019, 386-395 

391 

 

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.  

ACKNOWLEDGMENT 

The authors express their gratitude to the L. M. College of Pharmacy, 
Ahmedabad, Gujarat, India for approval of financial assistance under 
SSIP scheme (Ref No: 154/(14)/2018) and Trident Equipments for 
allowing us to use their facilities and equipment to carry out this 
project. 

AUTHORS CONTRIBUTIONS 

Roshni Vora designed the experiments, carried out the processes for 
production of NC and composed the manuscript. Yamini Shah helped 
throughout the risk assessment, necessary theoretical background of 
the QbD methodology and supervised the whole process. 

CONFLICTS OF INTERESTS 

The authors declare no conflict of interest 

REFERENCES 

1. Haafiz MKM, Hassan A, Zakaria Z, Inuwa IM. Isolation and 
characterization of cellulose nanowhiskers from oil palm 
biomass microcrystalline cellulose. Carbohydrate Polym 
2014;103:119-25. 

2. Ng HM, Sin LT, Tee TT, Bee ST, Hui D, Low CY, et al. Extraction 
of cellulose nanocrystals from plant sources for application as 
reinforcing agent in polymers. Composites Part B: Engineering 
2015;75:176-200.  

3. Karim M, Mohamed NB, Julien B. Nanofibrillated cellulose 
surface modification: a review. Materials 2013;6:1745-66. 

4. Liu DY, Yuan XW, Bhattacharyya D, Easteal AJ. Characterisation 
of solution cast cellulose nanofibre reinforced poly (lactic acid). 
eXPRESS Polym Lett 2010;4:26–31. 

5. Wang Z, Carlsson DO, Tammela P, Hua K, Zhang P, Nyholm L, et 
al. Surface modified nanocellulose fibers yield conducting 
polymer-based flexible supercapacitors with enhanced 
capacitances. ACS Nano 2015;9:7563-71.  

6. Abdul K, Davoudpour Y, Chaturbhuj KS, Hossain Md, Adnan A, 
Dungani R, et al. A review on nanocellulosic fibres as new 
material for sustainable packaging: process and applications. 
Renewable Sustainable Energy Rev 2016;64:823-36. 

7. Robert M, Ashlie M, John N, John S, Jeff Y. Cellulose 
nanomaterials review: structure, properties and 
nanocomposites. Chem Soc Rev 2011;40:3941-94. 

8. Jiang G, Zhang J, Qiao J, Jiang Y, Zarrin H, Chen Z, Hong F. 
Bacterial nanocellulose/Nafion composite membranes for low 
temperature polymer electrolyte fuel cells. J Power Sources 
2014;273:697-706. 

9. Goczo H, Szabo Revesz P, Farkas B, Hasznos Nezdei M, 
Serwanis SF, Pintye Hodi K, et al. Development of spherical 
crystals of acetylsalicylic acid for direct tablet-making. Chem 
Pharm Bull 2000;48:1877-81.  

10. Kaialy W, Larhrib H, Chikwanha B, Shojaee S, Nokhodchi A. An 
approach to engineer paracetamol crystals by antisolvent 
crystallization technique in presence of various additives for 
direct compression. Int J Pharm 2014;464:53-64.  

11. Nokhodchi A, Maghsoodi M. Preparation of spherical crystal 
agglomerates of naproxen containing disintegrant for direct 
tablet making by spherical crystallization technique. AAPS 
PharmSciTech 2008;9:54-9. 

12. US Food and Drug Administration. Guidance for Industry: Q8 
(R2) Pharmaceutical Development; Center for Drug Evaluation 
and Research: Silver Spring, MD, USA; 2009. 

13. US Food and Drug Administration. Guidance for Industry: Q9 
Quality Risk Management; US Food and Drug Administration: 
Silver Spring, MD, USA; 2006. 

14. Kovacs A, Berko S, Csanyi E, Csoka I. Development of 
nanostructured lipid carriers containing salicyclic acid for 
dermal use based on the quality by design method. Eur J Pharm 
Sci 2017;99:246-57. 

15. Kirrstetter R. GMP aspects in practice: the new ICH guidelines 
concerning quality: ICH Q8, Q9 and Q10. Pharm Ind 
2005;67:213-6. 

16. Vanitha C, Satyanarayana SV, Bhaskar RK. Quality by design 
approach to stability-indicating reverse-phase high-
performance liquid chromatography method development, 
optimization, and validation for the estimation of simeprevir in 
bulk drug. Asian J Pharm Clin Res 2019;12:93-100.  

17. Hales D, Vlase L, Porav SA, Bodoki A, Barbu Tudoran L, Achim 
M. A quality by design (QBD) study on enoxaparin sodium 
loaded polymeric microspheres for colon-specific delivery. Eur 
J Pharm Sci 2017;100:249–61. 

18. Iurian S, Bogdan C, Tomuta I, Szabo Revesz P, Chvatal A, 
Leucuta SE, et al. Development of oral lyophilisates containing 
meloxicam nanocrystals using QBD approach. Eur J Pharm Sci 
2017;104:356-65.  

19. Adam S, Suzzi D, Radeke C, Khinast JG. An integrated quality by 
design (QBD) approach towards design space definition of a 
blending unit operation by discrete element method (DEM) 
simulation. Eur J Pharm Sci 2011;42:106-15. 

20. Wang JL, Kan SL, Chen T, Liu JP. Application of quality by design 
(QBD) to formulation and processing of naproxen pellets by 
extrusion-spheronization. Pharm Dev Technol 2015;20:246-56. 

21. Pallagi E, Ambrus R, Szabo Revesz P, Csoka I. Adaptation of the 
quality by design concept in early pharmaceutical development 
of an intranasal nanosized formulation. Int J Pharm 
2015;491:384-92. 

22. Karimi K, Pallagi E, Szabo Revesz P, Csoka I, Ambrus R. 
Development of a microparticle based dry powder inhalation 
formulation of ciprofloxacin hydrochloride applying the quality 
by design approach. Drug Des Dev Ther 2016;10:3331-43. 

23. Jornil J, Jensen KG, Larsen F, Linnet K. Risk assessment of 
accidental nortriptyline poisoning: the importance of 
cytochrome p450 for nortriptyline elimination investigated 
using a population-based pharmacokinetic simulator. Eur J 
Pharm Sci 2011;44:265-72.  

24. Beirao-da-Costa S, Duarte C, Moldao Martins M, Beirao-da-Costa 
ML. Physical characterization of rice starch spherical aggregates 
produced by spray-drying. J Food Eng 2011;104:36-42.  

25. Paradkar AR, Pawar AP, Chordiya JK, Patil VB, Ketkar AR. 
Spherical crystallization of celecoxib. Drug Dev Ind Pharm 
2002;28:1213-20.  

26. Box GE, Hunter JS, Hunter WG. Statistics for experimenters: 
design, innovation, and discovery. 2nd ed. John Wiley and Sons, 
Inc.: Hoboken, NJ, USA; 2005. 

27. Nelson ML, O'Connor RT. Relation of certain infrared bands to 
cellulose crystallinity and crystal lattice type II. A new infrared 
ratio for estimation of crystallinity in cellulose I and II. J Appl 
Polym Sci 1964;8:1325-41. 

28. Segal L, Creely JJ, Martin AE Jr, Conrad CM. An empirical 
method for estimating the degree of crystallinity of native 
cellulose using the x-ray diffractometer. Text Res J 
1959;29:786-94. 

29. Xue Y, Fuyi H, Chunxia Xu, Shuai J, Liqian H, Lifang L, et al. 
Effects of preparation methods on the morphology and 
properties of nanocellulose (NC) extracted from corn husk. 
Industrial Crops Products 2017;109:241-7. 

30. Carr RL. Evaluating flow properties of solids. Chem Eng 
1965;72:163-8. 

31. Amrita S, Vaibhav R, Varsha K. Formulation development and 
evaluation of fast dissolving tablet of ramipril. Int J Pharm 
Pharm Sci 2015;7:127-31. 

32. Kannissery P, Jomon NB, Elambilan NB. Effect of non-volatile 
solvent and excipient ratio on flow and consolidation 

http://adsabs.harvard.edu/cgi-bin/author_form?author=Zarrin,+H&fullauthor=Zarrin,%20Hadis&charset=UTF-8&db_key=PHY�
http://adsabs.harvard.edu/cgi-bin/author_form?author=Chen,+Z&fullauthor=Chen,%20Zhongwei&charset=UTF-8&db_key=PHY�
http://adsabs.harvard.edu/cgi-bin/author_form?author=Hong,+F&fullauthor=Hong,%20Feng&charset=UTF-8&db_key=PHY�


Vora et al. 
Int J App Pharm, Vol 11, Issue 4, 2019, 386-395 

395 

properties of powder blend for liquisolid compacts. Int J Pharm 
Pharm Sci 2015;7:150-5. 

33. Haafiz MKM, Hassan A, Zakaria Z, Inuwa IM. Isolation and 
characterization of cellulose nanowhiskers from oil palm 
biomass microcrystalline cellulose. Carbohydrate Polymers 
2014;103:119-25. 

34. Liu Z, Li X, Xie W. Carrageenan as a dry strength additive for 
papermaking. Plos One 2017;12:13-26. 

35. Xie W, Song Z, Liu Z, Qian X. Surface modification of PCC with 
guar gum using organic titanium ionic crosslinking agent and 
its application as papermaking filler. Carbohydrate Polymers 
2016;150:114-20. 

36. Rosa SML, Rehman N, Miranda MIG, Nachtigall SMB, Bica CID. 
Chlorine-free extraction of cellulose from rice husk and 
whisker isolation. Carbohydrate Polymers 2012;87:1131-8. 

37. Jiang F, Hsieh YL. Cellulose nanocrystal isolation from tomato peels 
and assembled nanofibers. Carbohydrate Polymers 2015;122:60-8. 

38. Sain M, Panthapulakkal S. Bioprocess preparation of wheat straw 
fibres and their characterisation. Ind Crops Products 2006;23:1-8. 

39. Isogai I. Allomorphs of cellulose and other polysaccharides. 
Gilbert RD. ed (Cincinnati) Cellulosic polymers, blends and 
composites. Hanser/Gardner Publications; 1994. 

40. Ryshkewitch E. Compression strength of porous sintered 
alumina and zirconia. J Am Ceramic Soc 1953;36:65-8. 

41. Wang L, Han G, Zhang Y. Comparative study of composition, 
structure and properties of Apocynum venetum fibers under 
different pretreatments. Carbohydrate Polymers 2007;69:391-7. 

42. El-Sakhawy M, Hassan ML. Physical and mechanical properties 
of microcrystalline cellulose prepared from agricutural 
residues. Carbohydr Polym 2007;67:1-10. 

43. Suesat J, Suwanruji P. Preparation and properties of 
microcrystalline cellulose from corn residues. Adv Mater Res 
2011;1781-4. 

44. Johar N, Ahmad I, Dufresne A. Extraction, preparation and 
characterization of cellulose fibres and nanocrystals from rice 
husk. Industrial Crops Products 2012;37:93-9. 

45. Espino E, Cakir M, Domenek S, Roman Gutierrez AD, Belgacem 
N, Bras J. Isolation and characterization of cellulose 
nanocrystals from industrial by-products of agave tequilana 
and barley. Industrial Crops Products 2014;62:552-9. 

46. Kallel F, Bettaieb F, Khiari R, Garcia A, Bras J, Chaabouni SE. 
Isolation and structural characterization of cellulose 
nanocrystals extracted from garlic straw residues. Industrial 
Crops Products 2016;87:287-96. 

 



Vol 12, Issue7, 2019
Online - 2455-3891 

Print - 0974-2441

INVESTIGATION OF CRITICAL MATERIAL ATTRIBUTES OF NANOCELLULOSE IN TABLETS

ROSHNI VORA1,2*, YAMINI SHAH2

1Gujarat Technological University, Chandkheda, Ahmedabad, Gujarat, India.  2Department of Pharmaceutics and Pharmaceutical 
Technology, L.M.College of Pharmacy, Ahmedabad, Gujarat, India. Email: mehtaroshni1989@gmail.com

Received: 24 April 2019, Revised and Accepted: 29 May 2019

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 
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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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