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Abstract: - 

All pharmaceutical products are formulated to specific dosage forms for drugs to be effectively delivered to 

patients. The major advantages of using design of experiments (DOE) are to develop and optimize 

manufacturing processes and control, increase the accuracy of performance and reduce the number of required 

tests. DOE takes into account all input variables simultaneously, systematically, and efficiently. Each single 

input variable and multi-variables interaction can be evaluated and their effect(s) on each response variables can 

be identified. The aim of this research is to design a quality product and its manufacturing process to 

consistently deliver the intended performance of the product. The scientific approach may be used with 

identification of the desired dosage form a performance attributes through the target product profile. From this 

target product profile, an initial list of critical quality attributes was developed. A risk assessment was 

undertaken to identify the variables and unit operations which are most likely to impact the critical quality 

attributes. Once the significant parameters identification, they can be further studied (using design of 

experiments model) to achieve a higher level of process understanding. This was then used to focus 

development activities on potential high risk areas. 

Keywords: -Design of experiment model, Critical Quality Attributes, Critical Process Parameters, Process 

parameters 
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1.0 Introduction 

All pharmaceutical products are formulated to specific dosage forms for drugs to be effectively delivered to 

patients. Different dosage forms require different pharmaceutical technologies and usually present different 

technical challenges for formulation development. Because of the complex technical challenges scientists 

encounter during formulation development, it is important to use an effective methodology [1]. 

Design of experiments (DOE) and statistical analysis have been applied widely to formulation development and 

are useful in process optimization and process validation. The major advantage of using DOE to develop 

formulations for pharmaceutical products is that it allows all potential factors to be evaluated simultaneously, 

systematically and quickly. Using DOE, one can evaluate the effect of each formulation factor on each response 

and possibly the interaction effects between factors and identify the critical factors based on statistical analysis. 

[2-4]. 

 

Figure 1 Process of design space 

DOE is a structured, organized method for determining the relationships among factors affecting a process and 

its output. It has been suggested that DOE can offer returns that are four to eight times greater than the cost of 

running the experiments in a fraction of the time that it would take to run one-factor-at-a-time experiments. 

Application of DOE  

 Gain maximum information from a minimum number of experiments  

 Study effects individually by varying all operating parameters simultaneously  

 Take account of variability in experiments, operators, raw materials or processes themselves  

 Identify interactions among process parameters, unlike with one-factor-at-a-time experiments characterize 

acceptable ranges of key and critical process parameters contributing to identification of a design space, 

which helps to provide an “assurance of quality”.  

A design space may be constructed for a single unit operation, multiple unit operations, or for the entire process. 

[31]. 

Traditionally, process development experimentation focuses on changing one factor at a time. This approach is 

based on varying one independent factor while keeping other independent factors constant. This approach 

intrinsically cannot detect interactions between factors. But design space used for process development to 
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overcome a traditionally process problem. It is a multidimensional combination of input variables (e.g., material 

attributes) and process parameters that have been demonstrated to provide assurance of quality. The design 

space involves full understanding of the statistical relationships between the input variables (e.g. raw material 

and active pharmaceutical ingredient attributes), manufacturing process parameters and output response 

variables represented by critical quality attributes (CQAs) of finished drug product. 

Risk-assessment tools can be used to identify and rank potential parameters deemed to have an impact on 

product quality based on prior knowledge and initial experimental data. The initial list of all possible parameters 

can be quite extensive, but is likely to be narrowed, as process understanding is increased, to a smaller list of 

potential parameters. Narrowing the list has the advantage of reducing the number of experiments necessary in 

the modeling of a design space.  

The information and knowledge gained from pharmaceutical development studies and manufacturing 

experience provide scientific understanding to support the establishment of the design space, risk assessment, 

product specifications, and manufacturing controls. 

02 Methods and Material 

2.1 Material 

Ivermectin were purched from IPCA Laboratory, Indore. Colloidal anhydrous silica, Crosscarmalose sodium, 

Anhydrous lactose, Microcrystalline cellulose, Zinc stearate,Talc were purchase from local market. 

2.2 Methods 

2.2.1 Preformulation Study 

Preformulation is a group of studies that focus on the physicochemical properties of a new drug candidate that 

could affect the drug performance and the development of a dosage form. 

2.2.1.1  Physical Appearance 

A white to yellowish white, nonhygroscopic, crystalline powder. 

2.2.1.2  Melting Point   

The melting point of model drug was found to be within the range of 155-1570C. 

2.2.1.3  IR Spectroscopy 

Identification of drug was carried out by its IR spectra, obtained by using Shimadzu IR Spectroscopy. 

Characteristic peak obtained at reported wave numbers are given in table 1. 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                     © 2023 IJCRT | Volume 11, Issue 9 September 2023 | ISSN: 2320-2882 

IJCRT2309253 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c145 
 

 

Fig 2  IR spectra of Ivermectin 

Table 1 IR spectral analysis of Ivermectin (pure drug) 

S.No. IR signal (cm-1) Remark 

1 3490         C-H  Stretching 

2 3320 O-H Stretching 

3 2930 C=O Stretching 

4 1605 C=C Stretching 

5 1435          C-O  Stretching 

 

2.2.1.4  Solubility Profile of Ivermectin 

Solubility may be defined as the spontaneous interaction of two or more substance to form a homogeneous 

molecular dispersion. The solubility of Ivermectin was tested in a various common solvent and the solubility 

profile of drug is given in Table 2 
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Table 2 Solubility Profile of Ivermectin 

S.No. Solvent Remark 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Distilled water 

Methanol 

Ethanol 

Methyl ethyl ketone 

Cyclohexane 

Acetone 

Chloroform 

Acetonitrile 

Ethyl Acetate 

Insoluble 

Soluble 

Soluble 

Soluble 

Insoluble 

Soluble 

Insoluble 

Soluble 

Soluble 

 

2.2.1.5 Partition Coefficient  

The partition coefficient value of model drug was found to be 6.0 and 8.8 

2.2.1.6 Quantitative Estimation of Ivermectin 

UV spectrophotometric method was used to estimate the drug concentration in 0.1 N HCl and phosphate buffer 

pH 6.8. 

2.2.1.7 Preparation of Phosphate Buffer pH 6.8 

Placed 50 ml of 0.2M potassium dihydrogen phosphate in 200 ml volumetric flask, added 37.1 ml of 0.2M 

sodium hydroxide and added sufficient water to make volume upto the mark. 

2.2.1.8 Determination of Absorption Maximum (λmax) 

 

   In 0.1 N HCl 

Absorption maximum was determined by dissolving 10 mg of model drug in 10 ml 0.1N HCL. From this stock 

solution, 0.3ml solution was added to the 10 ml volumetric flask and volume was made upto 10ml with  0.1 N 

HCl. The solution was scanned in the range of 200 - 400 nm in the UV-visible spectrophotometer (Shimadzu 

UV-1700). The λmax, was found to be 248 nm.   
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Fig 3 U.V spectra of Ivermectin in 0.1 N HCL 

 In phosphate buffer pH 6.8 

Absorption maximum was determined by dissolving 10mg of Ivermectin in 10ml of phosphate buffer pH 6.8. 

From this stock solution, 0.3ml solution was added to the 10ml volumetric flask and volume was made upto 

10ml with phosphate buffer. The solution was scanned in the range of 200-400 nm in the UV-visible 

spectrophotometer (Shimadzu UV-1700). The λmax, was found to be 245 nm. 

 

Fig 4: U.V spectra of ivermectin in phosphate buffer (pH 6.8) 
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2.2.1.9 Preparation of Calibration Curve in 0.1 N HCl 

Accurately weighed 10 mg of Ivermectin was added to 10 ml volumetric flask and volume was made upto 10 

ml with 0.1 N HCL. From this stock solution different dilutions were prepared in the concentration range of 10, 

20, 30, 40 and 50µg/ml in 10 ml volumetric flask and absorbance was taken at 248 nm. Calibration curve was 

prepared by observations recorded in Table. 

Table 3 Calibration curve of Ivermectin in 0.1 N HCl at 248 nm 

S. No. Concentration 

(µg/ml) 

Absorbance 

 

1 0 0.000 

2 10 0.388 

3 20 0.740 

4 30 1.115 

5 40 1.536 

6 50 1.912 

 

 

Fig 5 : Calibration curve of Ivermectin in 0.1 N HCL at 248 nm 
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2.2.1.10 Preparation of Calibration Curve in Phosphate buffer pH 6.8 

Accurately weighed 10 mg of Ivermectin was added to 10 ml volumetric flask and volume was made upto 10 

ml with Phosphate buffer pH 6.8. From this stock solution different dilutions were prepared in the concentration 

range of 10, 20, 30, 40 and 50 µg/ml in 10 ml volumetric flask and absorbance was taken at 245 nm. 

 

Table 4 Calibration curve of model drug in Phosphate Buffer pH 6.8 at 245 nm 

S.No. Concentration 

(µg/ml) 

Absorbance 

1 10 0.024 

2 20 0.044 

3 30 0.061 

4 40 0.078 

5 50 0.093 

6 60 0.11 

 

 

 

Fig: 6 Calibration curve of Ivermectin in Phosphate Buffer pH 6.8 at 245 nm 

 

 

y = 0.0337x + 0.0218
R² = 0.9993
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2.3 Process for tablet manufacturing 

2.3.1  DOE model for optimization of tablet manufacturing process 

The strategic approach was used for optimization of manufacturing process by using DOE and Risk assessment. 

This approach was described in following steps; 

2.3.1.1 Quality target profile  

The pharmaceutical target profile for model drug was a safe efficacious convenient dosage form, preferably a 

tablet, which will facilitate patient compliance. The tablet should be of an appropriate size, with a single tablet 

per dose. 

2.3.1.2  Cause and effect analysis  

Cause and effect diagram was prepared for tablet formulation of direct compression method and compiles a 

cause and effect (C&E), which was directly and indirectly impact on critical quality attributes of tablet, that 

maps out all potential parameters in a manufacturing process. The number of parameters could be very 

extensive. 

2.3.1.3 Risk Assessment by failure mode effects analysis (FMEA) 

FMEA provides for an evaluation of potential failure modes for processes and their likely effect on outcomes 

and/or product performance. Once failure modes were established, risk reduction can be used to eliminate, 

reduce, or control the potential failures. FMEA relies on product and process understanding. FMEA 

methodically breaks down the analysis of complex processes into manageable steps. 

Table 5 Establish a risk ranking system 

Score Severity Occurrence Detection 

1 No effect on 

out put 

Failure unlikely Flawless detection 

system 

2 Minor Remote failure Will detect failure 

3 Moderate Occasional failure Might detect failure 

4 Serious High failure Almost certain not to 

detect failure 

5 Hazardous Certain  failure Lack of detection 

control 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                     © 2023 IJCRT | Volume 11, Issue 9 September 2023 | ISSN: 2320-2882 

IJCRT2309253 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c151 
 

2.3.1.4 Identification of critical process parameters   

The critical process parameters were identified by using prior knowledge, risk assessment and experience of the 

formulation and the manufacturing techniques, conclusions will be drawn from the risk-based classification 

process to list the parameters to be investigated using a first-screening experimental design . The parameters 

were investigated using a 2-level screening design of experiments.  

2.4 Design of experiment  

Development of the manufacturing process focused on the unit operations posing greatest potential risk to drug 

product quality. Using prior knowledge, models, extrapolation and risk assessment processes, the material 

attributes and process parameters, which could have an impact upon final product quality, were identified.  

The number of parameters, in addition to the desired resolution of the design, impacts on the number of 

experiments required in determining the critical parameters. 

Tablet Manufacturing Process  

 Weighing and shifting 

Model drug and microcrystalline cellulose, zinc stearate, lactose, colloidal anhydrous silica, Croscarmellose 

sodium and talc were accurately weighed.  API was sifted through 44# mesh and excipients were sifted 

through 40# mesh. 

 Blending 

All the ingredients were loaded in descending order form top to bottom loading type. The samples were 

taken at a different time, speed and loading level at different locations of the V- Blender after mixing of the 

blend. All the variables (loading level, speed and time) were optimized with the help of quality attributes of 

mixing parameter.  

 Compression  

After optimization of blending parameters, all the variables of compression (compression speed, 

compression force, PPD, tooling, punch size) were optimized with the help of quality attributes of 

compression parameter.  
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Table 6 CPPs and CQAs parameter 

S.No Unit operation Critical Process Parameters Critical Quality Attributes 

 

1 Sizing  Mesh Size, 

Type Of Screen, 

Feed Rate, 

RPM 

Sieve analysis, 

Particle size distribution, 

Bulk/tapped density, 

2 Blending  Type and geometry of mixer, 

Order of addition, 

Mixer load level, 

Number of rotations (time and 

speed), 

Agitating bar (on/off pattern) 

Sieve analysis, 

Blend uniformity, 

Particle size distribution, 

Bulk/tapped density, 

Moisture content, 

Flow properties 

3 Compression  Compression speed and force,  

Feed frame type and speed, 

 Hopper design, height, and 

vibration , 

Tablet weight and thickness,   

Depth of fill, 

Punch penetration depth, 

Target weight, 

Weight uniformity, 

Content uniformity, 

Hardness, 

Thickness, 

Tablet porosity, 

Friability, 
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2.4.1 Evaluation of Quality Attributes of Mixing and Compression   

Table 7  Acceptance Criteria of Hausner ratio and Carr’s index 

  S.No. Hausner 

ratio 

Compressibility 

Index (%) 

Flow Property  

1 1.00-1.11 <10 Excellent 

2 1.12-1.18 11-15 Good 

3 1.19-1.25 16-20 Fair 

4 1.26-1.34 21-25 Passable 

5 1.35-1.45 26-31 Poor 

6 1.46-1.59 32-37 Very Poor 

7 >1.60 >38 Very Very  Poor 

Table 8 Acceptance Criteria of Angle of repose 

  S.No. Angle of 

repose 

(degree) 

Flow Property 

1 25-30 Excellent 

2 31-35 Good 

3 36-40 Fair 

4 41-45 Passable 

5 46-55 Poor 

6 56-65 Very Poor 

7 >66 Very Very Poor 

 

2.5 Weight variations 

20 tablets from each composition were weighed individually and average weight was calculated. Then the 

individual tablet weight was compared with the average tablet weight. The weight variation limits as per IP 

1996 are as follows:- 

 

http://www.ijcrt.org/


www.ijcrt.org                                                     © 2023 IJCRT | Volume 11, Issue 9 September 2023 | ISSN: 2320-2882 

IJCRT2309253 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c154 
 

 Table 9  Standards for weight variation 

S. No. Average weight of 

tablet (mg) 

Maximum % variation 

allowed (%) 

1 

2 

3 

80mg or less 

80 to 250 mg 

250 mg or more 

10 

7.5 

5 

 

 Drug content  

Five randomly tablets from each batch were taken and triturated. Powder equivalent to 10 mg of drug was 

weighed and transferred to10ml volumetric flask and methanol was added and then it was shaken for 5 

minutes and finally methanol was added to make up the volume upto 10ml and the solution was sonicated for 

5 minutes and filtered through a 0.45µm membrane filter paper. Finally, 50 µg/ml solution was prepared 

from the stock solution and samples were analyzed by UV spectroscopy. Corresponding concentration were 

calculated from the calibration curve. As per IP and FDA draft the acceptance criteria of drug content and 

%RSD are as follows:- 

Acceptance criteria 

 Drug content  =  Not less than 98.5 per cent and not more than 102.0 per cent 

 %RSD            =  Not more than 6% 

 Disintrigation test  

Six tablets of each formulation were used to determine disintegration time. Distilled water was used as 

disintegration medium and temperature was maintained at 37±2°C. 

03 Result and Discussion  

The Ivermectin was obtained as a gift sample from IPCA Laboratory , Indore (India).The physical appearance 

and melting point and IR spectra of drug were similar with that reported in mater formula record, which showed 

the purity of sample. 

Solubility of Ivermectin was determined in various solvents. The drug was found to be soluble in Methanol, 

Ethanol, Methyl ethyl ketone, Acetone, Acetonitrile, and Ethyl Acetate  and insoluble in distilled water.  

The partition coefficient of Ivermectin was determined in n-octanol: water system which is a measure of drug 

lipophilicity and an indication of its ability to cross biomembrane. The partition coefficient value of model drug 

was to be found 6.8, hence as per confirmation to mater formula record, which showed the purity of sample.  
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Absorption maximum of drug was determined by UV at 248 nm (Model- Shimadzu UV-1700, Japan) in 0.1N 

HCl and phosphate buffer pH 6.8 (Fig 3 and Fig 4) respectively. The Calibration curves of drug were prepared 

in 0.1 N HCL and phosphate buffer pH 6.8 in the concentration range of 10-50 µg/ml. A straight line with 

Regression coefficient (r2) = 0.999 value 0.1 N HCL and phosphate buffer pH 6.8 (r2) = 0.9983. (Fig 5 and Fig 

6) was obtained which indicates that drug follow Beer’s law within the specified concentration range. 

3.1 Formulation and Manufacturing Process development 

A good formulation also must be easy to manufacture and must produce good products consistently. Optimized 

formula was taken from industry, which was established and optimized by formulation and development 

department, after the formulation was optimized, more studies must be conducted to optimize the manufacturing 

process.  

Table 10 Optimized formula for tablet formulation 

S.No. Ingredient Quantity   

Prescribed 

(%) 

Quantity 

/mg of tablet 

 

1. Ivermectin 37 150 

2. Microcrystalline cellulose  32 129.7 

3. Lactose 27 109.5 

4. Zinc stearte  1 4.05 

5. Colloidal silica 0.5 2.03 

6. Cross-carmalose sodium  2 8.1 

7. Talc  0.5 2.03 

 Total  100 405.4 

3.2 DOE model for optimization of tablet manufacturing process  

3.2.1 Quality target profile 

A quality target profile was prepared on the basis of prior knowledge and F&D limit . From this target profile, 

the initial Critical Quality Attributes were identified to define satisfactory quality of product. 
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Table 11 Quality Target Profile 

S.No Quality  Attribute Quality Target Profile 

 

1 Dosage form Tablet, max weight 400mg 

 

2 Potency 150 mg 

 

3 Identity Ivermectin 

 

4 Appearance Oval, white, smooth 

 

5 Assay 95-115 % 

 

6 Content uniformity 

(%RSD) 

NLT 98.5 % and NMT 102.0% 

(NMT6%) 

 

7 Blend uniformity( % RSD) NMT 5% 

 

8 Hardness 8-17 KP 

 

9 Friability NMT 1% 

 

10 Weight uniformity 405±5 % 

 

11 Thickness 4.0 ± 0.4 mm 

 

12 Disintrigation NMT 15 min 

 

13 Dissolution Not less than 85% in 30 min 

 

 

3.2.2 Cause and effect analysis  

Cause and effect diagram was prepared, after QTPP preparation. This was used to identify all potential 

variables, such as raw materials, blending, sifting, compression parameters, and environmental factors, which 

can have an impact on a particular CQAs.  
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Table 12 CPP and CQA during Unit Operation  

S.No Unit 

operation 

Critical Process parameter Critical Quality 

attributes 

1 Sizing  Mesh size, 

Type of screen, 

Feed rate,  

Rpm 

Sieve analysis, 

Particle size distribution, 

Bulk/tapped density, 

2 Blending  Type and geometry of mixer, 

Order of addition, 

Mixer load level, 

Number of rotations (time and 

speed), 

Agitating bar (on/off pattern) 

Sieve analysis, 

Blend uniformity, 

Particle size distribution, 

Bulk/tapped density, 

Moisture content, 

Flow properties, 

3 Compression  Compression speed and force , 

Feed frame type and speed, 

 Hopper design, height, and 

vibration,  

Tablet weight and thickness,   

Depth of fill,  

Punch penetration depth 

Target weight, 

Weight uniformity, 

Content uniformity, 

Hardness, 

Thickness, 

Tablet porosity, 

Friability 

3.2.3 Risk Assessment by failure mode effects analysis (FMEA) 

Failure mode effects analysis (FMEA) process was used to identify the failures modes and risks within a 

process or product and then eliminates or reduces them. FMEA was used for risk assessment of tablet 

manufacturing process and identified the critical process parameters of tablet, which was directly impact on 

critical quality attributes of tablets. An effective FMEA identifies corrective actions required to prevent the 

probable failures modes and assure the highest possible yield, quality and reliability.  

The risk priority rank (RPR) was calculated by multiplying the severity rating, occurrence probability rating and 

detection probability rating for all of the failure modes. 

3.2.3.1 Assessing risk 

Risk identification 

Assess severity 

Model Drug Hazardous Serious Major Minor 

Ivermectin Nil Nil Nil Nil 
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Assess probability of occurrence 

Model 

Drug 

Frequent   Probable    Occasional    Remote   Very 

unlikely    

Ivermectin Nil Nil Nil Nil Nil 

Assess probability of detection 

Model Drug Flawless 

detection 

system 

Will detect 

failure 

Might detect 

failure 

Lack of 

detection 

control 

Ivermectin Nil Nil Nil Nil 

 

                                      Table 13 Establish a risk ranking system 

Score Severity Occurrence Detection 

1 No effect on 

out put 

Failure unlikely Flawless detection 

system 

2 Minor Remote failure Will detect failure 

3 Moderate Occasional failure Might detect failure 

4 Serious High failure Almost certain not to 

detect failure 

5 Hazardous Certain  failure Lack of detection 

control 
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3.2.4 Identification of critical process parameters 

The critical process parameters were identified on the basis of recommendation of risk assessment of tablet 

manufacturing process.  

                

                                 Table 14 Identification of critical process parameters 

S.No Process step Critical process parameter 

1 Shifting   Screen size 

2 Blending   Blending time 

 Blending speed 

 Loading level 

3 Compression   Compression speed 

 Compression force 

 Punch penetration depth (PPD) 

 Tooling  

 Punch size 

 

3.2.5 Design of experiment 

Experiment was design by D-optimal design expert software for tablet manufacturing process, after 

identification of critical process parameters. Tablet was prepared by direct compression method. In this method 

shifting, blending, and compression are important process steps and specification of critical process parameters 

were shown in table 

1. All the ingredient API and excipients were accurately weighed and sifted through 44# and 40# mesh.   

2. Three CPPs of blending (blending time, speed and loading level) were selected and design the experiment 

by D-optimal design expert software. 

3. Four CPPs of compression (compression speed, compression force, PPD, punch size) were selected and 

design the experiment by D-optimal design expert software. 
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3.2.5.1 Tablet Manufacturing Process 

Table 15 Specification of critical process parameters 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.No Critical process parameter Target  

1 Screening  

 Screen size 

API – 44# 

Excipients – 40# 

2 Blending  

 Blending time 10-20 min 

 Blending speed 20-25 RPM 

 Loading level 40-70 % 

 Loading type Top to bottom 

 Order of addition Descending order  

 Humidity 45% 

3 Compression  

 Compression speed 200-800 

 Compression force 1-3 ton 

 Punch penetration depth 0.31-0.61 mm 

 Tooling  B tooling  

 Punch size 9 -11 mm 

 Turret speed 20 RPM 

 depth of fill(mm) 20 mm 

 Humidity  45% 
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Table 16 Numerical value of three factors in experiment design of blending by using D-optimal design 

software 6.9 

Std Run Factor 1 

A:Blending tin RPM 

Factor 2 

B:Blending sp 

RPM 

Factor 3 

C:Blending lev %  

RPM 

10 +1 20.0 25.0 70.0 

4 2 12.0 24.0 30.0 

9 3 15.0 20.0 40.0 

16 4 10.0 20.0 50.0 

1 5 10.0 25.0 55.0 

12 6 12.0 25.0 40.0 

6 7 15.0 20.0 40.0 

19 8 20.0 22.6 65.0 

8 9 20.0 23.5 65.0 

17 10 15.0 23.0 70.0 

18 11 10.0 22.0 55.0 

3 12 10.0 20.0 60.0 
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3.2.5.2 Evaluation of Quality Attributes of mixing and compression  

Table 17 Response of critical quality attributes of mixing and compression 

Run Response 

     Bulk    

  density 

  (gm/cm3) 

    Tapped    

    density 

    (gm/ cm3) 

Hausner 

ratio 

Carr’s 

index 

Angle of 

repose            

(deg) 

   BUA 

(%RSD) 

 

1 0.62 0.66 1.10 15.0 23 14.2 

2 0.65 0.70 1.20 18.8 27 8.66 

3 0.56 0.72 1.18 18.7 23 4.80 

4 0.65 0.70 1.32 21.2 22 9.24 

5 0.55 0.70 1.14 18.2 22 7.44 

6 0.62 0.72 1.27 15.1 20 4.22 

7 0.60 0.70 1.28 19.7 22 5.65 

8 0.50 0.70 1.20 16.1 26 9.51 

9 0.62 0.79 1.25 17.4 24 5.41 

10 0.68 0.72 1.21 20.8 28 4.73 

11 0.64 0.77 1.28 19.1 28 8.35 

12 0.50 0.72 1.22 17.6 23 8.00 

 

3.3 Selection of optimized blend batch 

The blends were selected on the basis of DOE result and graphs. As per IP and FDA draft, the quality attribute 

of mixing parameters were very close limit in the case of run 3, 6, 10 and 14.  

After selection of the blend (run 3, 6, 10 and 14), all the ingredient API and excipients were reweighed and 

sifted through 44# and 40# mesh and blended in V- blender at a selected blending time, speed and loading level. 

All other parameters like that’s type and geometry, loading type and order of addition were constant, according 

to previous experiments.  
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Table 18 Selected blends from DOE result 

S.No  Selected 

run 

Critical process parameters  

  Blending 

time 

(min) 

Blending 

speed 

(RPM) 

Loading 

level 

(%) 

1 3 15 20 55 

2 6 10 22.5 40 

3 10 15 20 40 

4 14 10 25 55 

 

3.4 Design space of compression  

The blend was selected after evaluating the quality attributes of mixing. Tablets were prepared of selected blend 

by direct compression method by using tablet compression machine (Cadmach Remek) and evaluate the quality 

attributes of tablet. The quality attributes of tablet parameters included thickness, breaking force, friability, 

weight variation, content uniformity, disintrigation test, dissolution and assay.  

Table 19 Specifications of compression machine 

S. No. Compression machine parameter Specification 

1 Machine model no. CMD4 D-20/MT 

2 Type of tooling B 

3 Output tablet\min(Min/Max) 350/670 

4 Max. dia. of tablet(mm) 25 

5 Max. depth of fill(mm) 20 

6 Upper punch penetration(mm) 1/4”, 7/32”, 3/16”, 5/32”,1/8” 

7 Max. thickness of tablet(mm) 8 

8 Turret speed(rpm)Min/Max 20 RPM 

9 Production capacity(pcs\hr) 15,600/hr 

10 Motor(HP) 2 

11 Humidity 45% 

12 Temperature 23-24oC 
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Following parameters were used for design space:- 

Factor 1- Compression force = 1-3 ton 

Factor 2- Compression speed = 200-800 

Factor 3- Punch penetration depth= 0.31-0.61 inch 

Factor 3- Punch size=9mm, 10mm, 11mm 

Response 1- Thickness = mm 

Response 2 – Hardness = KP 

Response 3- Friability = % 

Response 4- Assay = % 

Response 5- Average weight = mg 

Response 6- Content uniformity = %RSD 

Response 7- Disintegration time = min 

Response 8- Dissolution = Q 

 

Table 20 Numerical value of four factors in experiment design of compression by using D-optimal design 

software  
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 Table 21 Response of critical quality attributes of tablet 

Run  Response  

Hardness 

     (KP)  

Friability 

(%) 

Average 

weight 

(mg) 

Thickness 

(mm) 

Assay 

(%)  

CU 

(%RSD) 

DT 

(sec) 

Disso 

(Q) 

1 10.0 0.19 408.1 4.05 97.5 3.40 22.0 98.7 

2 14.0 0.52 403.6 3.80 98.3 4.50 47.0 87.5 

3 4.50 0.60 398.2 3.97 93.5 4.90 13.0 96.7 

4 4.90 0.49 415.5 3.44 96.4 2.90 15.0 98.5 

5 9.09 0.51 409.4 4.50 91.3 5.70 25.0 98.6 

6 10.1 0.23 406.3 4.55 99.4 6.40 23.0 98.2 

7 13.1 0.28 400.7 4.51 98.4 4.30 43.0 96.5 

8 11.4 0.45 389.3 4.59 95.4 7.80 30.0 99.6 

9 10.0 0.18 406.5 4.55 94.9 5.60 22.0 98.0 

10 15.6 0.52 402.5 4.65 97.8 3.50 46.0 93.4 

11 17.3 1.53 404.3 3.70 99.3 5.80 119 84.2 

12 13.1 0.54 407.7 3.90 96.5 4.60 43.0 96.4 

3.6 Selection of optimized batch at a compression step 

The critical process parameters of tablet were selected on the basis of DOE result and graphs. As per IP and 

FDA draft, the quality attribute of tablet parameters were very close limit in the case of run 1, 2, 12, 17, 19 and 

20.  

The blend was compressed, after selection of the critical process parameters of tablet (run 1, 2, 12, 17, 19 and 

20) 
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Table 22 Selected compression parameter from DOE result 

S.No  Selected 

run no. 

Critical process parameters  

Compression 

force  

(ton) 

Compression 

speed 

(speed) 

PPD 

(inch) 

Punch 

size 

(mm) 

1 1 1 200 0.31 10 

2 2 2 200 0.46 10 

3 12 2 800 0.46 10 

4 17 1 800 0.61 11 

5 19 2 500 0.53 10 

6 20 2 500 0.31 10 

3.7 Evaluation of critical quality attributes of tablet parameters 

The quality attribute of tablet parameters were evaluated after compression of blend at an each selected 

compression run. The quality attributes of tablet parameters included thickness, hardness, friability, weight 

variation, content uniformity, disintrigation test, dissolution and assay. As per IP and FDA draft, the quality 

attribute of tablet parameters were very close limit in the case run 20.  

Table 23 Response of critical quality attributes of tablet   

Run  Response 

 Hardness 

     (KP)  

Friability 

(%) 

Average 

weight 

(mg) 

Thickness 

(mm) 

Assay 

(%)  

CU 

(%RSD) 

DT 

(sec) 

Disso 

(Q) 

1 11.2 0.25 410.3 3.96 92.3 4.2 19 98.3 

2 13.8 0.67 403.2 3.83 89.6 4.6 42 85.6 

12 12.3 0.48 398.4 3.90 93.5 4.3 49 98.8 

17 8.9 0.23 401.2 4.02 98.4 3.5 25 97.5 

19 14.9 0.54 408.5 4.10  96.4 1.67 89 90.2 

20 11.9 0.34 401.3 4.04 97.5 3.1 45 97.7 
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3.8 Trial Batch Run  

Trial batch was run, after optimization of blending and compression parameters.  

All the ingredient API and excipients were accurately weighed and sifted through 44# and 40# mesh. The 

ingredients were blended at a optimized speed (20 RPM), time (15 min), 55% loading level and other blending 

parameters like that’s type and geometry, loading type and order of addition were constant according to 

pervious experiment. After blending of the materials evaluated the critical quality attributes of mixing and 

results were shown in table. 

After blending of the ingredients, compressed the tablets at an optimized compression force (2 ton), 

compression speed (500), PPD (0.31 inch), punch size (10 mm) and other compression parameters like that’s 

Turret speed, depth of fill, humidity, temperature, tolling were constant. After compression of blend, the quality 

attribute of tablet parameters were evaluated and results were shown in table. 

Table 24 Optimized critical process parameters 

S.No  Unit 

operation 

Critical process 

parameter 

Optimized 

result  

 

1 Blending  Blending speed 20 RPM 

Blending time 15 min 

Loading level 55 % 

2 Compression  Compression 

force  

2 ton 

Compression 

speed 

500 

PPD 0.31 inch 

Punch size 10 mm 
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3.9 Evaluation of critical quality attributes of blending and compression 

Table 25  Evaluation of critical quality attributes of blending and compression 

S.No Critical quality attributes  

 

Response  

1 BLENDING   

1.1 Bulk density (gm/ cm3) 0.63 

1.2 Tapped density (gm/ cm3) 0.72 

1.3 Carr’s index 12.5 

1.4 Hausner ratio 1.14 

1.5 Angle of repose (deg.) 25 

1.6 BUA (%RSD) 3.54 

2 COMPRESSION   

2.1 Hardness (KP) 11.4 

2.2 Friability (%) 0.24 

2.3 Thickness (mm) 3.98 

2.4 Average weight (mg) 402.1 

2.5 Content uniformity (%RSD) 2.40 

2.6 Assay (%) 96.8 

2.7 Disintrigation (sec)  39 

2.8 Dissolution (Q) 97.6 
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4.0 Summary and Conclusion 

Design of experiments (DOE) and statistical analysis have been widely applied to formulation development and 

useful in process optimization. The effect of each process parameters on each response were identified and 

evaluated by using risk assessment and DOE model. A formula was taken from industry, which was optimized 

by formulation and development department and applied risk assessment and DOE model for optimization of 

the manufacturing process parameters. Failure mode effects analysis (FMEA) process is a way to identify the 

failures modes and risks within a process and then eliminates or reduces them. 

Experiments were designed by D-optimal design expert software for tablet manufacturing process, after 

identification of CPPs. Tablet was prepared by direct compression method. 

All the ingredients were accurately weighed and sifted. Nineteen experiments were design for blending 

optimization, by D-optimal design expert software. All ingredients were loaded in descending order from top to 

bottom loading type in 50 L V- blender and they were mixed at different time interval, speed and loading level, 

according to nineteen experiments. Sampling was done by sampling thieves from 10 point sampling location in 

V blender and evaluated CQAs of mixing. The quality attribute of mixing parameters were very close limit in 

the case of run 3, 6, 10 and 14 as per IP and FDA draft. All the ingredients were reweighed, sifted and blended 

in V- blender at a selected blending time, speed, loading level and evaluated CQAs of mixing. The quality 

attribute of mixing parameters were very close limit in the case run 3. This blend was used for tablet 

preparation. The results were found under the limit and these optimized parameters were used for further 

manufacturing of commercial tablet batches. 

From the above observations, it can be concluded that the risk assessment and DOE model can be applied for 

the optimization of critical process parameters with the help of critical quality attributes.Statistical optimization 

experimentation and analysis provides strong assurances to comply regulatory agencies regarding superior 

product quality. 
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