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INTRODUCTION 
APIs and excipients usually can create issues with performance 

in equivalence. A well-defi ned excipients and processes are required 
for manufacturing of a quality pharmaceutical product. As a result, 
selection of performance tests is required for understanding the 
excipients role in the relevant dosage form. Hence, performance and 
identifi cation of functional characteristics of excipients are signifi cant 
aspects for quality, development, manufacturing, and performance of 
dosage forms. Th us a complete understanding of excipients properties 
requires suitable selection of tests and performance [1].

DOE is a well-organized, statistical methodology that determines 
the importance of specifi c variable and how to optimize performance. 
To study the eff ect of individual factor and their interaction on 
response in DOE, the levels of factors changed simultaneously. Th e 
input factor can be concentration of excipients, load, methodology 
of formulation, temperature etc. Th e eff ect of variable on response is 
analyzed by comparing response and carrying repeated experiments 
at same level [1-4].

Th e development of DOE was fi rst implemented by Ronald 
Fischer in 1935in agriculture in which he described three principles 
of randomization, replication and blocking which is widely used in 
DOE. Th en Box and Wilson in 1950 bring the concept of response 
surface methodology in 1950 Genichi Taguchi introduced Taguchi 
method which popularized DOE in many industries [5,6]. 

Th ere is a vast literature and contributor in fi eld of DOE. Now 
a day’s development and optimization of formulation are carrying 
by using DOE. DOE is gaining importance and many studies 
approaches DOE in formulation. Th ese are some literature to 
illustrate the contributions that have been carried out in the fi eld of 
DOE. Furosemide nanosuspension and Clotrinazole nanoemulsion 
was developed and optimized by using DOE [7,8]. Novel 
glycosaminoglycan based injectable formulation was developed by 
using DOE [9]. A multidose Propofol nanoemulsion was formulated 
and further evaluated by using full factorial design [10]. Th ere are 
several approaches carried out in the fi eld of DOE [7-10].

What is Design of Experiments?

“DOE is a statistical tool which determine relationship between 
the factored aff ecting the process and output of that process. DOE 
is associated with planning, conducting and analyzing outcomes 
by evaluating precondition parameters which is represented as 
independent variable or input variable. Generally the outcomes 
is hypothesized that one or more input variable is aff ecting one or 
more independent variable or output variable. Th e response gets 
systematically changed according to the design matrix obtained from 
input variables [5-6]. 

In a DOE approach, formulation and process parameters that 
is exactly related to the Critical Quality Aspects (CQA) of the fi nal 
dosage form. It means that input parameters are responsible for 
the variations in the end product qualities. Th e combination and 
interaction of all input parameters (e.g. material attribute) and 
various process parameters which potential and critically aff ects fi nal 
product quality is termed as the design space [5-8].

Component of DOE (Figure 1) is a systematic representation that 
emphasized understanding of aspects of process that are analyzed 
by DOE. Factors can be either controllable or uncontrollable. Th e 
controllable factors are the parameters that can be modifi ed within 
the experiment. Uncontrollable factors are the parameters that 
cannot be changed within the experiment. Levels are a diff erent 
factors value that runs an experiment. Each runs of an experiment 
carry a combination of levels of the factors. Response is the outcome 
that has desired eff ect [11,12].

Objectives of the Design of Experiments [12-15]

To determine which variables are most prominent on the 
responses,

 To determine the responses that is almost near to the desired 
target values,
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 To set the experiment to facilitate the variability in the 
responses became small

 To determine or minimize uncontrollable variables on the 
responses.

Advantages of DOE over other Methods [11-13]

 Provide detailed experimental plan for doing experiment.

 More information per experiment with improved effi  ciency.

 Well-organised and easiest approach.

 Information consistency.

 Ability to examine interactions and more reliable prediction.

 Less batch failure.

 Validation approach with innovative process.

 Reduced testing and improved yields.

 Lead closer to target requirements.

Context of Development of a Design

Implementation of DOE in pharmaceutical development 
will not only assist modernization of chemistry but also assist in 
manufacturing and control new drug and Abbreviated New Drug 
Applications (ANDAs) for estimation of pharmaceutical quality. 
Th e implementation of DOE for pharmaceutical development and 
production is a part of authentic and practical implementation 
of some core concepts and principles well-defi ned by the FDA’s 
pharmaceutical cGMP’s [14]. 

Development of the experimental design is based on three basic 
principle (Figure 2) i.e. randomization, replication and blocking. 
Th e application of DOE and other design techniques is now spread 
over in the industries process, also it is widely used in research and 
development work.

Experimental design is analyzed by using soft wares like Design-
Expert soft ware and Taguchi soft ware. Taguchi recommended highly 
fractionated factorial designs and statistical methods to explain the 
various problems [15-17].

Criteria for Statistical Design [12,13,15]

 Concern of Objectives

• Nature of predicted conclusions

• Description of concepts

• Determination of observable variables

 Factor Eff ects

• Purging of systematic error

• Identifi cation of relationships

• Consideration of entire experimental section

 Effi  ciency

• Multiple factors

• Screening experiments

• Fractional factorials

 Randomization

Determination of observable variables is greatly infl uenced by 
both the experimental design and the assortment of information on 
uncontrollable factors. When assessing factor eff ects it is important to 
explore the entire experimental region of interest. Th e combinations 
of factor levels used in a statistical design should be selected to fi ll 
out the experimental region. If a factor is only studied over a narrow 
portion of the experimental region, important eff ects may go 
undetected.

Randomization can help ensure that all levels of a factor have an 
equal chance of being aff ected by process. Randomization aff ords 
protection from bias by tending to average the bias eff ects over all 
levels of the factors in the experiment.

Types of Design [13-15]

Types of designs which are mainly used are as follows:

 Simplex design

 Full factorial design

 Response surface design

 Fractional factorial design

 Placket-burman design

 Box-Behnken design

 Mixture design

Methodology for DOE [11,12,17]

A well designed experiment for obtaining good outcomes 
requires selection and identifi cation of dependent and independent 
variable. Select a choice of experimental design that achieves the 
objective of the experiment. Th en identify the factors and levels to be 
investigated. Execute the design by using suitable soft ware. Analyze 
and interpret the DOE data obtained from the runs and computed 
with mathematical equation. Once we know about the variable factor 
that aff ect the response, changes in the objective or variable may 
pursue.Figure 2: Principals of experimental design.
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Box-Behnken Design [18-20]

Box-Behnken design is an experimental designs used for response 
surface methodology which consists of a set of points arranged at 
the midpoint of each edge and the replicated centre point of multi-
dimensional cube. For designing the experiment independent 
variables and dependent variables are selected and executed. A Box-
Behnken design with two factors does not exist. A Box-Behnken 
design requires three factors (input parameters) and three levels. 
Selected independent variable is placed at three levels values i.e. 
minimum, optimum and maximum coded as -1, 0, +1. A Box-
Behnken design is considered to be more skilled designed compare to 
other three level full factorial design. It cannot be applied to study the 
factors having more than three levels [12,16,22,23]. 

Th e polynomial equation produced by this experimental design 
is as follows:

Y1 = b0 + b1X1 + b2X2 + b3X3 + b12X1X2+ b13X1X3 + b23X2X3 
+b11X12 + b22X22 + b33X32 

WhereY1- dependent variable, 

b0- intercept, 

b1 to b33- regression coeffi  cients,

X1, X2 and X3- independent variables

Th e quadratic response surface of experimental design is analyzed 
by using Design-Expert soft ware, which gives considerable practical 
information and endorsed the utility of statistical design for carry 
out the experiments. Polynomial equations with main eff ect and 
interaction factors are determined by Design-Expert soft ware. 
Th erefore, optimum values of the variables are determined along with 
the obtained experimental data by using this soft ware [23,24]. 

Design of experiments is concerned about factors, responses, 
a model, and runs. Design expert version 10 soft ware helps you to 
determine if and how a factor aff ects a response. Box-Behnken design 
is suitable for examine the quadratic response surface. It is suitable for 
the experimenter who wants to collect data and see response surface 

Identify factors

and responses

Compute design for 
maximum
information from 
runs.

Use design to set
factors:measure
response for each run.

Compute best fit of 
mathematical model 
to data from test runs.

Figure 3: Approach to Design of Experiment.  

Figure 4: Selection for response and factor.
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over a wide ranges of values from diff erent variables it can be easily 
fi nd a combination of factors that go with specifi ed target. To apply 
Box-Behnken design need to follow the following steps [12,13,25,26]:

1. First select three factors for example consider drug as (A) and 
polymers as (B) and (C).

2. Now open design expert version 10 soft ware.

Figure 5: Design layout for 17 run.

Figure 6: Counter profi ler with high and low limit.
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3. Select new design>response surface design.

4. Click on response surface design and select Box-Behnken and 
feed the name and values of factors.

5. Clicks on continue and then fi nish.

6. Feed the response obtain from the experiment in column 
response 1.

 Th is Box-Behnken statistical design gives 17 runs combination 
for three factors (A, B and C) and three levels (-1, 0 and +1) to 
construct a polynomial models for the optimization process.

A Response Surface Plot (Contour Profi ler) [12-13]

Response surface can also be seen by contour profi ler which is 
useful for examine response surface graphically. It is useful especially 
when there are multiple responses. 

1. With the outcome response contour profi ler is obtained by 
clicking on analysis and select the equation .

2. By clicking on fi t summary you can get quadratic equation.

3. Now click on Model graph > contour .

4. Click on 3D surface to view 3D presentation.

5. Now click on cube to see geometric structure of design with 
all the three eff ects on the plot.

Th e experimental points in Box-Behnken Design (Figure 8) are lie 
on the hypersphere which is equally distant from central point.

Application of Box-Behnken Design

Numerous studies have been by response surface methodology 
obtained from Box-Behnken Design in order to optimize the process 
conditions. Box-Behnken Design have been widely applied in many 
fi eld like food industry, biochemical processes, construction industry, 
chemical processes and pharmaceutical industry. 

Many researcher have been carried Box-Behnken Design in food 
industry which involves extraction of oil, pigments, polysaccharide 
etc by applying response surface methodology to optimize extraction 
process conditions [24].

Several studies have been done in the fi eld of biochemical 
processes by optimization of process parameters like temperature, 
pH, particle size, moisture percentage and incubation period [25].

Box-Behnken Design has applied in construction industry. In a 
study researcher applied Box-Behnken Design for mixture made with 
crushed brick and tiles aggregation to optimize the parameter like 
water cement ratio [26].

Box-Behnken Design found to be useful for optimization 
of chromatographic analysis. Box-Behnken Design carried on 
parameters like retention time, tailing factor, peak symmetry, relative 
retention time number of theoretical plates etc to study the interaction 
between them [27].

Several studies have been carried out in the formulation of 
pharmaceutical products. Solid lipid nanoparticles of chloramphenicol 
was developed and optimized using Box-Behnken Design in order to 
study the eff ect of dependent variable like entrapment effi  ciency, drug 
loading and turbidity [28].

Figure 7: 3D view with high and low limit.
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Figure 8: Geometric plot of Box-Behnken Design for Three.

CONCLUSION
DOE is an eff ective and inexpensive approach to determine the 

precise estimation of interaction between the factors. Nowadays it 
is widely used due to its advantage over conventional methods. We 
cannot examine this information with one way analysis or single 
variable. Box-Behnken design is a response surface methodology that 
helps in better understanding and optimization of response.
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