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The formulation chemist works with a plethora of cosmetic raw materials. Through education, 
experience and knowledge of cosmetic chemistry, one selects a more manageable list of ingredients 
to use. From this refined palette a prototype formulation can be put together and evaluated against 
the objectives of the project. 

 
And then, it is back to the drawing board. Where, through a process of trial and error, adding a little 
more of this and reducing some of that, a finished formulation gradually begins to emerge. 

 
Going back and forth changing and then re-testing just one parameter at a time, which still seems to 
be the norm for our industry, is not the most productive approach.  In fact, this "shotgun" approach 
increases the probability of missing the best possible fin ished product. This is because there is 
insufficient learning acquired on how ingredients and/or processes interact to affect product 
attributes. Golden opportunities are lost because possible synergies are overlooked. Many 
unnecessary batches are prepared. To further exacerbate the situation, there are imposed pressures 
of time, cost, aesthetics and performance benchmarks that must all be met simultaneously. 

 
I have found that a more reliable and expedient method of optimizing a formulation is by design of 
experiments (DOE) or simply called experimental design. This discipline allows the formulator to 
change multiple parameters at once to see how a combination of changes affects the key attributes 
under investigation. Even in complex sophisticated formulations, the ingredients contributing to the 
main effects on the desired responses (attributes) can be made obvious. 
As formulators, we always knew we must be both part chemist and part artist to create a new 
personal care masterpiece. Experimental Design DOES NOT replace much needed formulation skills 
and creative artistry but it will compliment and expedite the formula development process. 

 
Becoming part statistician doesn't have to be a frightening prospect. Nowadays, there are a number 
of software programs that are user-friendly so that one doesn't have to be a statistician to get good 
results. JMP from the SAS Institute and RS/Discover from BBN are two such programs that I have 
used. Others are Stat-Ease, Minitab, Statistica and ECHIP. 
The approach is simple. The initial step is to thoroughly understand the deliverables of the finished 
product. This is more than just the formula but also the packaging components, marketing concept, 
advertising, label copy & claims, etc. This can be the most time consuming and it may appear that 
nothing is happening yet. However, unless objectives are accurately defined it may be necessary to 
repeat all of the work that is to follow. 

 
The next step is to set the specifications for the design of the experiment. Knowing what and how 
many factors (x, inputs) there will be, the range over which they will be varied and how tightly the 
changes can be controlled (+/- x oC; +/- x minutes) will determine what kind of experiment is 
preferred.  IIf there are only a few factors at just two use-levels, then a 23 Full Factorial design is 
okay.  If there are more, then perhaps a Partial Factorial or Box-Behnken design is better. If there are 
multiple factors (7 or more) and processing parameters (such as pressure, temperature,  mixing 
speed, order of addition, cooling/heating rates, etc.) to consider creating a cause and effect fishbone 
diagram would be helpful and a Taguchi Method may be better. 

 
If one is trying to optimize a formulation then a mixture design, where 3 or more ingredients and 
their use-levels are the variable factors (x), is the appropriate approach. The constraint of this 
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method requires that the sum of all ingredients under investigation always adds to 1 (100%) making 
the relative proportions essential to formula optimization. Usually there are only two independent 
variables. 

 
Next, one must decide upon the most important criteria for approval of the final formula, i.e. visual 
aesthetics, performance objectives, cost, yield, etc. These are the measured responses (y, outputs) 
or desired product attributes. 
At long last the formulator is now ready to prepare his pre-determined batches in random order. 
When the batches are complete they are evaluated for the desired attributes. The data collected is 
entered for analysis. Then results are interpreted. 

 
To help with the interpretation it is a good idea to run one or more replicate batches and test them to 
determine the reproducibility of the batches, accuracy and precision of analytical assessment panel or 
instrumental data and reliability of the contour plots. 

 
The output of any of these designs is often either a ternary diagram (a 2D graphical representation 
of a 3D space which is used when there are 3 factors) or a tertiary diagram (a 3D graphical 
representation of a 4D space which is used when there are 4 factors) that show contours of a single 
constant response (y). These contour plots are often called Response Surface Maps and look a lot like 
a weather isobar chart . From this "map", the optimum levels of each of the ingredients under 
investigation can be obtained. The map can also be used to predict how formulas that were not even 
made will perform. The best formula may be determined without having prepared and tested it even 
once! With the shotgun approach, you are more likely to miss such a golden opportunity. Lastly, 
prepare the predicted optimum batch and test it to confirm the prediction. 
The advantage of experimental design is that ingredients and/or processes can be changed 
independently so that main effects can be determined with fewer batches—saving both time and 
money. Synergies and other interaction effects can also be discovered in an efficient manner. With 
DOE, just one study will provide extensive knowledge of formula behavior. These experiments can 
provide insight for future improvements that can lead to new business opportunities in the form of 
"next generation" product launches. 

 
If optimizing formulas by this approach seems like something you want to try then I wou ld get my 
hands on some software, read the manual, and JUST DO IT! Supplement the software with a related 
training course and, for more in-depth understanding of this branch of statistics, I suggest you do 
some further reading. "Experiments with mixtures: designs, models and the analysis of mixture 
data", Wiley, New York, 1981 is an excellent resource. Another helpful idea is to subscribe to the 
"DOE FAQ Alert" electronic newsletter by surfing over to http://www.statease .com/doealertreg.html. 
You will get a monthly email providing answers to Frequently Asked Questions (FAQs) about Design 
of Experiments (DOE), tips and tricks on software (specifically Stat-Ease), notice of upcoming talks, 
classes, conferences and articles of interest. 
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