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Abstract 

____________________________________________________________________________________________________ 
 
The perception of aesthetics directs the daily life of people from ancient times to 

the present. While the desire to be beautiful turns into a passion for some, it can 
also become a medical necessity for some people, such as war veterans. The 
historical documents examined show that both men and women use different 
materials either to change their appearance or to care their skin or hair. These 
materials still lead the way in the development of today's cosmetic products. The 
cosmetics industry is an important business line developed based on this aesthetic 
perception of societies. Starting from the research and development (R&D) process 
of a cosmetic formulation and becoming a final product, health authorities control 

the industry by various regulations that are based on safety evaluation and good 
manufacturing practices. In this process, where each step must be meticulously 
fulfilled, perhaps the most critical step is the scale-up process. In this review, 
cosmetic products, scale-up and critical parameters in scale-up process are 
discussed. 
Keywords: Critical transfer parameters, cosmetics, manufacturing, optimization, 
quality control, scale-up. 
 
 

 

INTRODUCTION 

 
The concepts of “aesthetics” and “beauty” have been 

two elements that affect people's daily lives since 

ancient times. Contrary to popular belief, these 

concepts have not been a part of our lives after modern 

technology's convenience and living standards. Since 

ancient times, human beings have always attached 

importance to their appearance and aimed to increase 

their appreciation in society by enriching their clothing 

with an accessory or using any cosmetic product1. In 

the historical documents, it is seen that people resort to 

many ways to preserve their beauty and bodily 
integrity. For example, it is known that in ancient 

Egypt, Cleopatra put atropine, obtained from Atropa 

belladonna, into her eyes to make her eyes look bigger 

and more attractive2. When the tomb of Pharaoh 

Pharaoh Tuthmosis III (1400BC) was examined, it was 

determined that materials intended to increase beauty 

were used3, 4. Another important finding obtained from 

this tomb was that these materials used for cosmetic 

purposes also protect the eyes and skin against the 

African desert winds. Henna is also one of the cosmetic 

and medicinal materials used in a widespread 

geography since ancient times5,6. Henna, which is 

thought to have a history of close to 9000 years, is one 
of the oldest traditional products known in India, 

Persia, North Africa, the Arabian Peninsula, 

Mesopotamia, and the Mediterranean. Simple cosmetic 

formulations prepared by people at home in ancient 

times continued to be produced in small workshops 

over the years, and today they have turned into a large 

industry7. Undoubtedly, the fact that the concepts of 

beauty and aesthetics affect all people plays an 

important role in the background of this great industrial 

development. Because when people think of beauty, 

which is expressed as "a combination of qualities that 
satisfy the aesthetic senses", women come to mind 

first, but it is actually an important concept for both 

genders4. 

While the cosmetics industry was developing, some 

problems also arose8. These problems are listed in 

generally; 

 A significant increase in the amount of these 

products, which were previously produced in 

small quantities, 

 Changes to be made in manufacturing equipment 

as the batch size increases, 
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 The need for products to meet the needs of a 

wider audience, not a single person, 

 Based on the time difference between the 

preparation and consumption of the product, the 

ability to maintain its stability in processes such 
as shelf life and transfer. 

“Scale-up” and “scale-down” are the most critical steps 

in an industry where production is concerned8. The 

preparation of a final product in different quantities 

than it is worked on during the research and 

development (R&D) process is expressed as “scale-up” 

or “scale-down”. Generally, when we look at the 

pharmaceutical or cosmetic industry, R&D batch sizes 

are made in possible minor quantities9. For this reason, 

the concept of scale-up appears more frequently in 

these areas when transferring from R&D processes to 
mass production. However, scale-down can also be 

done in cases such as a decrease in the need for an 

existing product or a market shrinkage. With a properly 

performed feasibility study, the scale-up process of a 

product's transferring from R&D laboratories to the 

production line is successfully completed. 

 

OVERVIEW OF COSMETICS 

 

Identification and classification of cosmetics 

The FDA defines a “cosmetic” as a product (excluding 

pure soap) intended to be applied to the human body 
for cleansing, beautifying, promoting attractiveness, or 

altering the appearance10. According to the regulation 

of the Council of the European Union: “cosmetic 

product means any substance or mixture intended to be 

placed in contact with the external parts of the human 

body (epidermis, hair system, nails, lips, and external 

genital organs) or with the teeth and the mucous 

membranes of the oral cavity with a view exclusively 

or mainly to cleaning them, perfuming them, changing 

their appearance, protecting them, keeping them in 

good condition, or correcting body odours” 11. In the 
Far East the scope of cosmetics differ from the EU 

according to the Korean Cosmetic Products Act divides 

cosmetic products into the following three categories 12  

and between those functional cosmetics and quasi-

drugs are subjected to premarket license of competent 

authority. 

• General cosmetics 

• Functional cosmetics; sunscreens, skin-whitening 

products, etc. 

• Quasi-drugs; anti-acne preparations etc. 

Cosmetic products are generally used to correct body 

odor, change the appearance, to protect and care for the 
skin12-14. Through the diversity of definition and scope, 

there are various classes and expressions attributed to 

cosmetics even in the legislations or the literature. Of 

these expressions, some of which can be found in 

legislations and global scientific articles are; 

cosmeceuticals, dermocosmetics, functional cosmetics, 

dermatocosmetics, active cosmetics, etc. In fact, 

cosmetics are considered a subgroup of pharmaceutical 

sciences. Albert Kilman, a dermatologist, coined the 

term "cosmeceutics" (or active cosmetics) in the 1984, 

which was not thought to have a clear biological 
therapeutic effect while having a beneficial effect on 

the skin. Dermocosmetics are considered as products 

related to the aesthetic appearance of the skin, which 

can be on the border of cosmetics and medicines such 

as skin care products, avoid superficial skin problems 

and improves skin appearance and health15-17. The uses 
of cosmetics can be grouped according to their main 

functions as follows11-17: 

 Products for changing appearance (decorative 

cosmetics) 

 Products for personal care (cleaning and caring)  

 Products for perfuming  

 Active cosmetics (cosmeceutics, dermocosmetics, 

etc.) 

Cosmetics, Camouflage, and Rehabilitation 

The fact that appearance is always important for people 

from ancient societies to the present brings aesthetic 
concerns and psychological problems. It is known that 

people may experience a lack of self-confidence and 

have difficulty in social life in cases such as a scar on 

the visible part of the body, skin color unevenness, or 

acne. Wars also have led to the development of 

different industries. The effect of make-up on 

camouflage and rehabilitation developed as a result of 

such a situation. It was featured as a medical aid for the 

rehabilitation of seriously burned pilots after World 

War II18-22. Whether these external appearance 

disorders are congenital or acquired later, the negative 

feeling it creates on people is the same. In this 
situation, people first seek a permanent solution to the 

problem by choosing a medical or surgical 

intervention. However, medical or surgical intervention 

is not always possible. This is where cosmetic products 

come into play. It is combined with medical practice to 

help patients hide congenital or acquired deformities 

that are not suitable for medical or surgical treatment23. 

Studies have shown that the camouflage provided by 

cosmetics has a profound improvement effect on the 

quality of life of patients24. These camouflage 

cosmetics, which are different from normal make-up 
products, reinforce the fact that cosmetic science is a 

sub-branch of pharmaceutical sciences. 

Cosmetics and Novel Technology 
Industrial developments occur due to the inadequacy of 

existing products to produce solutions, competition in 

market share, changes in people's needs or 

consumption habits. Although a positive step has been 

taken with new technological developments, always 

aiming for the better ensures the continuity of science. 

The pharmaceutical and cosmetic industry is one of the 

areas that constantly renew itself. The most important 

technological development for pharmaceutical and 
cosmetic products is the changes in formulations. 

Conventional products such as creams, solutions, gels, 

and ointments have disadvantages such as not having 

high efficacy, not being able to cross body barriers, 

rapid elimination, applying frequently, and having high 

side effects. Thus, drug delivery systems have been 

developed. These systems ensure that the drug is 

delivered to the target area thanks to a suitable carrier. 

With similar logic, these carrier systems can also be 

used for cosmeceutics. Active ingredients used in 

cosmeceuticals are minerals (fluoride in toothpaste), 
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vitamins (vitamin A-retinol and vitamin E-tocopherol), 

peptides (dermal collagen derivatives such as pal-

KTTKS and Cu-GHK), herbal products (ginseng, 

ginkgo biloba, soy, silymarin, and green tea) or growth 

factors25. With a suitable carrier, these active cosmetics 
can pass through dermal barriers and reach the target 

tissue directly, improve pigmentation, and have a 

sustained effect. For this purpose, innovative systems 

frequently used in the cosmetic field are nanocrystals, 

micelles, liposomes, solid lipid nanoparticles, 

cubosomes, transferosomes, phytosomes, etosomes, 

transdermal patches, micro and nanoemulsions, micro 

and nanoparticles, dendrimers, carbon-based 

nanoparticles (fullerenes), and micro-needlesare4, 26-30. 

 

SCALE-UP PROCESS 

 

Scale-up Definition and Steps 

Process scale-up is an increase in batch size or 

production capacity, usually in response to increased 

product demand, concerns about high production costs, 

or an increased need for supplies. The first process in 

the emergence of pharmaceutical or cosmetic products 

is the preformulation studies carried out in the R&D 

departments. In preformulation studies, parameters 

such as active ingredient, compatibility of all synthetic 

and natural materials in the formulation, and 

preparation method are examined31. According to the 
results, the final formulation is decided. In all these 

processes, the batch sizes should be as small as 

possible in order to reduce the cost. However, once the 

final formulation has been selected, the production 

batch size must be modified so that the product can 

meet market needs. However, as the production size 

increases, it must be proven that the product maintains 

its quality. For this reason, the manufacturing of a 

formulation is basically divided into three different 

batch sizes. These are laboratory-scale batches, pilot-

scale batches, and production-scale batches32. 

Laboratory-scale batches: These are the batches 
carried out in R&D departments in sizes 100-1000 

times less than the actual production scale. They are 

carried out for preformulation studies and 

determination of the final formulation. On the other 

hand, the evaluation and identification of critical 

quality attributes (CQA) for the final formulation are 

also determined in these series. 

Pilot-scale batches: It is used as an intermediate step 

for transferring from laboratory-scale batches to 

production-scale batches. If it supports official 

registration, a pilot batch size must correspond to at 
least 10% of the production scale batch. In fact, it is the 

indispensable intermediate step of the time that takes a 

product from the R&D process to its marketplace as a 

commercial product. Reasons for producing pilot-scale 

series: 

 It facilitates the transition from laboratory to 

production, 

 It provides the characterization of the product, 

 Used in tests and evaluations, 

 Provides information about the product, 

 It provides foresight about the problems that may 

be encountered in production, process, packaging 

and storage conditions. 

Production-scale batches: It is the size of a 

formulation that will actually be produced during 
routine production and marketing in production 

departments. 

Scale-up of Cosmetics 

The R&D process in cosmetics production includes 

raw materials, formulation, scale-up, production, and 

equipment, and that the formulation and process team 

should carry out together. The turning point for 

industrial production is the scale-up phase. 

The Purpose of Scaling Up33,34; 

 Reproducible production/manufacturing 

 Successful large-scale production of the physical 
characteristics of the formulation, 

 It is proof that scaling up from laboratory to pilot 

scale and industrial production does not change 

quality. 

Optimizing the transfer of formulation from laboratory 

scale to industrial production scale in the production of 

cosmetics is an important process that requires the 

achievement of many steps. While the trials carried out 

in the laboratory during the cosmetic product 

development phase are generally aimed at determining 

the best mixing ratios of different ingredients, scale-up 

operations require the definition of the correct 
procedures (mixing time, temperature, order of 

addition of the ingredient, time, equipment need, etc.) 

to obtain the same formulation at an industrial scale, 

and requires a thorough understanding of similar 

aspects of the processes. Therefore, in scaling up, it is 

important to define and control critical phases by 

ensuring the continuity of product formulation quality. 

Thus, the same product with the same properties 

(viscosity, pH, color, etc.) will be successfully 

produced on a larger scale35,36. At the step of cosmetic 

product development; while in laboratory scale, 
generally production and stability of the formulation 

are targeted for detecting components and mixing 

ratios, in scale-up operations, studies are made to 

identify and transfer critical operation parameters (the 

order of addition of content, mixing time and speed, 

temperature, equipment characteristics, etc.) for the 

same formulation can be produced in industrial scale in 

the same properties. In this context, identification of 

critical steps and keeping them under control is 

intended by ensuring the continuity of the quality and 

the stability of the formulation.  

Things to know for equipment subject to almost any 
scale-up operation:  

 Having sufficient data on the properties and 

performance of the equipment. 

 Using geometrically (shape and size) similar 

production equipment is important for 

transferring the production. 

 However, geometric similarity cannot provide 

individual results from the scale and cannot 

guarantee mechanical, thermal, or chemical 

similarity.
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Figure 1: Critical steps in the cosmetic production. 

 

Risk Assessment Approach in Cosmetic Scale-up 

The risk assessment approach has gained importance at 

evaluating the process of research-development, pilot, 

and commercial-scale production of pharmaceutical 

and cosmetic products37,38. To make it easier the 

transfer from laboratory to commercial production, it is 

important to study at a pilot scale. By this means, 

probable assumptions are provided about the 

characterization, production, packaging, and stability 

of the product, data for testing and evaluation is 

obtained. In scale-up, repeatable production, provision 
of the physical characteristics of the formulation, and 

proving there has not been any change in the quality 

must be done. Scale-up and repeatable production in 

single-phase products like solutions, shampoos, and 

hair sprays is easily achieved comparing with multiple 

phase products, products that contain particle systems, 

and powder products. The product development 

formulators in the laboratory are then charged with 

meeting the performance objectives and product 

parameters set by management. They have to be 

concerned with a host of considerations, ranging from 
safety issues, global regulations, raw material cost and 

availability, awareness of the competitive climate, 

patent status, adequate preservation, stability and 

compatibility issues, product scale-up and production 

problems, to cosmetic elegance considerations, such as 

fragrance selection, colour, and packaging. Finally, 

there is the medical fraternity, often dermatologists, 

devising and supervising efficacy and safety tests 

concerned with the performance of the products39.  

The risk assessment approach is increasing its 

importance in the evaluation of cosmetics from 

research and development (R&D) to scale-up processes 
and market launches. Focusing on the critical 

parameters of the products and developing products 

that are resistant to process conditions; will help to 

eliminate shelf life and other related potential 

problems37,38.The risk parameters in cosmetic products 

vary according to the dosage form of the formulation: 

Single-phase products: For example, scale-up and 

reproducible production of single-phase products such 

as solutions, shampoos, and hairsprays are more easily 

achieved compared to multi-phase systems and powder 

products40. 

Liquid cosmetic formulations: The problem of 

transporting solutions or suspensions prepared at 

laboratory scale to industrial scale is prominent40. The 

critical process parameters are usually the optimization 

of mixing speed, mixing time, and temperature. In 

addition, if there are components sensitive to the 

processing steps or ambient conditions in the 

formulation, the processing process should be 

evaluated by considering these. Possible interactions of 
the final formulation with the packaging material 

should be considered during the formulation 

development phase. Quality control tests performed on 

finished liquid products include taste, odour, and 

colour controls, pH measurement, viscosity 

determination, stability tests, and critical component 

quantification, in addition to assertive efficacy tests are 

usually among the tests performed. 

Cosmetic emulsions: The success of the production 

processes, during the development phase and the 

selection of optimal formula components, the selection 
of production equipment suitable for specific operation 

sizes should be made together with experts who 

produce at pilot and industrial production scale41. The 

properties expected from the formulation (droplet size 

and distribution, rheological properties) should be 

determined, and its stability at room temperature and 

higher temperatures and after freezing thawing tests 

should be tested. Other factors that affect the final 

product quality include preventing contamination, 

ensuring the uniformity of the composition, viscosity. 

The cosmetic emulsion producer must consider the 

rheological behaviour of the product (Newtonian or 
non-Newtonian behaviour, etc.), factors affecting 

rheology, and the time-dependent stability of the 

product during the industrial production process. The 

order and timing of the addition of the formulation 

ingredients during production, controlling the pH, 

ensuring the volumetric uniformity of the emulsifiers to 

be added to the internal and external phases before or 

during the process are other important points of a 

successful production process. During cosmetic 

processes, proper operation of this equipment is as 
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important as the selection of emulsion components and 

the right equipment. The knowledge of rheology and 

fluid dynamics for manufacturers and formulation 

developers will be very useful in overcoming the 

difficult task of large-scale production of uniform and 
homogeneous emulsions. Mixing with conventional 

agitators and propellers may be insufficient to provide 

the expected micro-uniformity in high-quality cosmetic 

products. In addition, natural/synthetic polymers, 

which modify the product rheology and are generally 

added to the system in powder form, are added to the 

mixing system very quickly. Such problems can be 

overcome by optimizing factors such as temperature 

and mixing time, as well as the use of new and 

improved technology equipment33-35.  

Since cosmetic emulsions are generally thermody-

namically unstable systems, they are highly dependent 
on variables (temperature and composition) and 

method (process method, equipment) during their 

production. Therefore, the successful and reproducible 

production of a cosmetic emulsion on a large scale is 

closely related to the required production design based 

on well-documented specifications. 

Novel technology used cosmetics: In order to examine 

the critical parameters in micro or nano-sized carrier 

systems, first of all, it is necessary to know how these 

systems are produced. Although there are many carrier 

system subtypes in the literature, their preparation is 
basically done by similar methods. We can divide these 

preparation methods into two basic classes: bottom-up 

(i.e., starting from a dissolved molecule to a 

precipitate) and top-down processes (i.e., starting from 

a macro-size drug powder to be reduced to a smaller 

one)42. Although bottom-up methods are often 

preferred in the production of laboratory-scale batches, 

industrial production is challenging. In this method, 

where formulation components are generally dissolved 

in organic solvents, high costs and remaining organic 

solvent residues are among the critical risk factors. On 

the other hand, the biocompatibility of the carriers 
(polymer or surfactant) used in these carrier systems, 

the particle size, and the toxicological properties of the 

micro or nano-system are other critical risk parameters. 

On the other hand, choosing the suitable preparation 

method also determines the time loss-gain balance43. 

The main risk assessment factor on the efficacy and 

toxicity of these systems is particle size44. However, 

particles of desired sizes may not always be produced 

when scaling up. The main reason for this situation is 

that the laboratory and manufacturing equipment do 

not have similar characteristics. Parameters such as 
mixing speed and time to reach the required 

temperature may vary. In this case, the characteristic 

features of the products change. For example, in a 

study on scaling up the nanoparticle prepared using the 

emulsion method, it was observed that the increase in 

mixing speed and time did not change the loading 

efficiency, but the particle size decreased45. 

 

CONCLUSIONS 

 

Cosmetic products are used not only to beautify the 
appearance but also to provide personal hygiene, 

protection, care, and supporting medical treatments. 

The world cosmetics market changes every year in line 

with new needs. The cosmetics industry, which 

develops in direct proportion to these needs, should be 

considered as a whole from the R&D process to the 
production process. Scale-up is one of the important 

parameters in the process of transforming a cosmetic 

formulation from R&D labs to a commercial product. 

Cosmetic formulations are mainly dependent on the 

factors such as variations related to temperature, 

composition, process, and equipment. In this direction, 

for a successful scale-up, it is essential to consider thus 

define, evaluate, control, validate and document in 

writing the parameters related to the formulation, 

equipment, process, and final product. 
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