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OBJECTIVE: The world is at the beginning of the road to replacing petroleum-based synthetic raw 

materials. Green chemistry raw materials are scarce and expensive. High value-added active 

ingredients formed during biosynthesis make up a small percentage of the mixture and very often 

are chemically unstable. This is one of the major reason why green chemistry raw materials are 

scarce and expensive.. 

METHODS: To solve this bottle-neck we develop holistic concept of biorefineries based on 

zero-waste, solid-state fermentation using probiotic bacteria to obtain green chemicals. To further 

increase efficiency of active ingredients we develop simultaneous biosynthesis and encapsulation in 

smart delivery systems. To avoid waste, the solution is to design a process where all fractions are 

used. To achieve this, our approach is based on a process in which everything that is produced is 

edible. That is why we use food-derived by-products, food grade solvents and probiotic 

microorganisms. 

RESULTS: Our smart delivery systems enable efficient transdermal transport for active substances 

for cosmetic and pharmaceutical applications. Encapsulation, and topical-controlled, 

prolonged-release improve their performance. The solution may improve the smell, color, durability, 

safety, cost, and the stability and preservation of the products. Our tailor-made solutions open up 

new possibilities for the formulations that have not been possible so far. Simultaneous biosynthesis 

and encapsulation reduces cost of downstream processing  and allows the use of lower 

concentrations of active substances and cost reduction without losing effectiveness – less is more! 

Additionally, the building blocks of our delivery systems may serve as natural nutrients for the skin 

cells. We avoid waste resulting, for example, from washing out active cosmetic compounds from 

the skin surface, which in turn contaminate the environment. 

CONCLUSION: It is possible to overcome the high price of natural cosmetic ingredients by 

zero-waste green chemicals biorefinery and smart delivery systems, if the whole production chain is 

food-grade. 
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