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Abstract 

White biotechnology refers to the utilization of 

microorganisms or biomasses for the production of value 

added products from renewable sources. This technology 

provides useful and valuable products in numerous sectors 

and industries such as the food, pharmaceutical, agricultural 

sectors and lots more. Biotechnology is the manipulation of 

living organisms or their components for the production of 

products that are of useful importance to life. The vast 

metabolic diversities of microorganisms especially fungi, 

yeast, and bacteria can be utilized to produce various useful 

industrial products. There is a wide range of applications of 

biotechnology, and the uses of colours have been developed 

to differentiate the main areas of applications of 

biotechnology. The description white is used to differentiate 

industrial biotechnology, green is used to signify 

agricultural biotechnology, blue is used for marine and 

fresh-water biotechnology, red is designated for use in 

medicine and in pharmaceuticals, purple is used for patents 

and inventions and recently, yellow is used for insect 

biotechnology. This paper reviews the production of various 

bio products using white biotechnology. 
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Introduction 

Biotechnology refers to a technology that is based on 

biology. It utilizes biological or chemical principles or both 

for the production of biological products to enhance and 

improve life. Biotechnology also involves the utilization of 

living organisms, plants or their components, for the benefit 

of the society, the environment and industries [1,2]. 

Numerous applications of biotechnology are abound. As a 

result of the wide range of applications of biotechnology, a 

means of differentiating or characterizing these applications 

has long been developed using colours [1]. These 

characterization includes; White biotechnology (used to 

differentiate industrial biotechnological process), green 

biotechnology (for agricultural biotechnology), blue 

biotechnology (for marine and fresh-water biotechnological 

application), red biotechnology (used in medicine and in 

pharmaceuticals), brown biotechnology (used for desert 

biotechnology), purple biotechnology (used for patents and 

inventions) and recently, insect biotechnology which has 

been coded yellow as it is an emerging area of entomology 

that utilizes insects in drug discovery [2]. 

Biotechnology has numerous applications in the field of 

pharmacy, medicine, agriculture and food production, 

industries and many more [3]. 
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White biotechnology refers to, biotechnology that is applied 

for industrial processes [4,5]. It focuses on the production 

and processing of chemicals, materials and energy using 

living cells, such as yeast, fungi, bacteria, plants and 

enzymes to synthesize products that are easily degradable 

require less energy and create less waste during their 

production [6]. In addition, white biotechnology focuses 

mainly on energy production from biomasses and the 

improvement of variety of products that can be produced 

[7]. It also seeks to reduce the environmental impact of 

producing products from the utilization of fossil fuel. The 

utilization of white biotechnology is reported to reduce 

carbon dioxide emissions by a large percentage [8]. This 

review therefore provides a brief overview on white 

biotechnology and the useful bio products that are produced 

from its applications. 

 

Bioproducts Derived from the Use of White 

Biotechnology 

 Many useful and beneficial biological products can be 

produced from the utilization of white biotechnology. These 

bioproducts include, Bioflavours (oligosaccharides, food 

additives and colorants), Microbial pigments, Microbial 

vitamins, Microbial amino acids and many more [8,9]. 

 

Bioflavors (oligosaccharides, food additives and 

colourants) 

Bioflavours, colourants and oligosaccharides can be 

produced from biomasses via the utilization of agricultural 

residues as substrates [10,11].White biotechnology is very 

useful in the production of bioflavours, as some of these 

bioflavours are either primary or secondary metabolites 

produced by microorganisms. Organic acids, particularly 

citric acid, lactic acid and acetic acid as well as the 

sweeteners, such as xylitol, sorbitol and aspartame are 

important classes of bioflavours reported to be produced 

using white biotechnology [12]. 

 

Microbial Pigments 

Microbial pigments can be produced using white 

biotechnology [13]. The toxicity of synthetic pigments has 

led to research on microbial pigment and colours using 

white biotechnology [14]. Microorganisms such as bacteria 

are well known to produce bacterial pigments. These 

bacteria pigments are useful in fabrics dyeing, food 

colouring, indicators of oil leak index, biosensors and 

indicators of soil, water and air pollution, cosmetics and 

therapeutics [15]. Similarly, filamentous fungi have been 

reported to produces wide range of fungi pigments such as 

flavins, quinones, carotenoids, melanins, phenazines, 

azaphilones, anthraquinones , indigo and violet [16]. 

 

Microbial Vitamins 

Microbial vitamins have been reported to be produced by 

some microorganisms during fermentation and regular 

metabolism of these microorganisms [17]. Most of these 

microbial vitamins are either primary or secondary 

metabolites of fermentation produced by microorganisms. 

Vitamins are micronutrients essential for the body's natural 

physiological function. They are predominately produced 

from external sources and are not made in the body of 

mammals. Some water soluble vitamins (such as, Ascorbic 

acid, Biotin, Riboflavin and Vitamin B12) and some fat 

soluble vitamins have been reported to be produced using 

white biotechnology [17]. Riboflavin (Vitamin B2) is 

reported to be produced by two Ascomycetes, Eremothecium 

ashbyii and Ashbya [5]. 

 

Microbial Amino Acids 

Microorganisms are known to produce amino acids. These 

microorganisms have been reported to produce amino acids 

on a large scale [18]. Corynebacterium glutamicum and 

Escherichia coli are predominant producers of amino acids 

(such as L-tryptophan, L-methionine, L-lysine, L-

phenylalanine, e.t.c.) [19]. Microbial amino acids and 

vitamins are major bioproducts of white biotechnology, as a 

large number of microorganisms are known to produce at 

least one amino acid during their various metabolic 
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functions [20]. Amino acids are building blocks for protein 

synthesis in living things.  

 

Barriers and Challenges of White Biotechnology 

The design and operations of biological processes, 

especially were microbial biomasses are utilized is very 

challenging when compared to the use of chemical 

processes [21]. However, the complexity of biological 

processes and reactions enhances a better environment and 

ecosystem as well as improves product availability and new 

designs [22]. One of the major challenge in biological 

processes is the need of scaling up production or unit 

increase [23,24]. 

 

Conclusion 

White biotechnology is an important area of biotechnology 

that is focused on reducing the environmental impact of 

chemical or synthetic reaction processes while carrying out 

various industrial processes. This has encouraged the rapid 

evolution of numerous bioproducts and processes that have 

commercial and economic interests. White biotechnology 

involves the production of bioproducts of industrial 

interests, such as, amino acids, vitamins, flavours, 

sweeteners, colourants among others, using microbial 

biomasses with high yields and mild process conditions. 

 

Acknowledgements 

The author is grateful and appreciates all authors, editors, 

publishers of all articles, journals and books from which the 

literature of this review was discussed. 

 

References 

1. Kafarski P. Rainbow code of biotechnology. Chemik. 

2012;66:814-6. 

2. Barcelos M.C.S., Lupki F.B., Campolina G. A., Nelson 

D. L. and Molina G. The colors of biotechnology: 

general overview and developments of white, green and 

blue areas. FEMS Microbiology Letters. 

2018;365(21):1-11. 

3. Barragán-Ocana A, Silva-Borjas P, Olmos-Pena S, 

Polanco-Olguín M. Biotechnology and bioprocesses: 

their contribution to sustainability. Processes. 

2020;8:436. 

4. Yadav A.N., Singh S., Mishra S. and Gupta, A. Recent 

advancement in white biotechnology through fungi. 

Springer. 2019.  

5. Masoumeh K., Robab S., Parisa, B., Nasser, D., 

Behnam, A. and Eric, D. White biotechnology and the 

production of bio‑products. Systems Microbiology and 

Biomanufacturing. 2022. 

6. Ribeiro BD, Coelho MAZ, Castro AMDe. Principles of 

green chemistry and white biotechnology. Princ Green 

Chem White Biotechnology. 2015;1-8. 

7. Giovanni Frazzetto. White Biotechnology. EMBO 

reports. 2003;4(9):835-7. 

8. Villadsen J. Innovative technology to meet the demands 

of the white biotechnology revolution of chemical 

production. Chem Eng Sci. 2007;62:6957-68. 

9. Sun L., Xin F. and Alper H.S. Biosynthesis of food 

additives and colorants a growing trend in future food. 

Biotechnological Advances, 107694. 2021. 

10. De Carvalho CC, Da Fonseca MMR. Carvone. Why 

and how should one bother to produce this terpene. 

Food Chemistry. 2006;95:413-22. 

11. Bicas JL, SILvA JC, DIoNíSIo AP, PASTore GM. 

Biotechnological production of bioflavors and 

functional sugars. Food Science and Technology. 2010; 

30:07-18. 

12. Philippe RN, De Mey M, Anderson J. Biotechnological 

production of natural zero-calorie sweeteners. Curr 

Opin Biotechnol; 2014;26:155-61. 

13. Darshan N, Manonmani H. Prodigiosin and its potential 

applications. Journal of Food Science and Technology. 

2015;52:5393-407. 

14. Tuli HS, Chaudhary P, Beniwal V, Sharma AK. 

Microbial pigments as natural color sources: current 

trends and future perspectives. Journal of Food Science 

and Technology. 2015;52:4669-78. 

https://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-article-BPP3-0002-0088/c/Kafarski_eng.pdf
https://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-article-BPP3-0002-0088/c/Kafarski_eng.pdf
https://pubmed.ncbi.nlm.nih.gov/30256942/
https://pubmed.ncbi.nlm.nih.gov/30256942/
https://pubmed.ncbi.nlm.nih.gov/30256942/
https://pubmed.ncbi.nlm.nih.gov/30256942/
https://pubmed.ncbi.nlm.nih.gov/30256942/
https://www.mdpi.com/2227-9717/8/4/436#:~:text=4.-,Conclusions,agricultural%20problems%2C%20among%20other%20benefits.
https://www.mdpi.com/2227-9717/8/4/436#:~:text=4.-,Conclusions,agricultural%20problems%2C%20among%20other%20benefits.
https://www.mdpi.com/2227-9717/8/4/436#:~:text=4.-,Conclusions,agricultural%20problems%2C%20among%20other%20benefits.
https://www.mdpi.com/2227-9717/8/4/436#:~:text=4.-,Conclusions,agricultural%20problems%2C%20among%20other%20benefits.
https://scholar.google.com/scholar_lookup?title=Recent+Advancement+in+White+Biotechnology+Through+Fungi&author=AN+Yadav&author=S+Mishra&author=S+Singh&author=A+Gupta&publication_year=2019&
https://scholar.google.com/scholar_lookup?title=Recent+Advancement+in+White+Biotechnology+Through+Fungi&author=AN+Yadav&author=S+Mishra&author=S+Singh&author=A+Gupta&publication_year=2019&
https://scholar.google.com/scholar_lookup?title=Recent+Advancement+in+White+Biotechnology+Through+Fungi&author=AN+Yadav&author=S+Mishra&author=S+Singh&author=A+Gupta&publication_year=2019&
https://link.springer.com/article/10.1007/s43393-022-00078-8
https://link.springer.com/article/10.1007/s43393-022-00078-8
https://link.springer.com/article/10.1007/s43393-022-00078-8
https://link.springer.com/article/10.1007/s43393-022-00078-8
https://www.researchgate.net/publication/298701448_CHAPTER_1_Principles_of_Green_Chemistry_and_White_Biotechnology
https://www.researchgate.net/publication/298701448_CHAPTER_1_Principles_of_Green_Chemistry_and_White_Biotechnology
https://www.researchgate.net/publication/298701448_CHAPTER_1_Principles_of_Green_Chemistry_and_White_Biotechnology
MANUSCRIPT%20ON%20WHITE%20BIOTECHNOLOGY%20-%20Copy.docx
MANUSCRIPT%20ON%20WHITE%20BIOTECHNOLOGY%20-%20Copy.docx
https://www.sciencedirect.com/science/article/abs/pii/S0009250907006562
https://www.sciencedirect.com/science/article/abs/pii/S0009250907006562
https://www.sciencedirect.com/science/article/abs/pii/S0009250907006562
https://www.researchgate.net/publication/348158074_Bio-synthesis_of_food_additives_and_colorants-a_growing_trend_in_future_food
https://www.researchgate.net/publication/348158074_Bio-synthesis_of_food_additives_and_colorants-a_growing_trend_in_future_food
https://www.researchgate.net/publication/348158074_Bio-synthesis_of_food_additives_and_colorants-a_growing_trend_in_future_food
https://www.sciencedirect.com/science/article/abs/pii/S0308814605000907
https://www.sciencedirect.com/science/article/abs/pii/S0308814605000907
https://www.sciencedirect.com/science/article/abs/pii/S0308814605000907
https://www.scielo.br/j/cta/a/8KBFRLHJwbdFhZtT3xpcFdt/?lang=en
https://www.scielo.br/j/cta/a/8KBFRLHJwbdFhZtT3xpcFdt/?lang=en
https://www.scielo.br/j/cta/a/8KBFRLHJwbdFhZtT3xpcFdt/?lang=en
https://www.scielo.br/j/cta/a/8KBFRLHJwbdFhZtT3xpcFdt/?lang=en
https://pubmed.ncbi.nlm.nih.gov/24503452/
https://pubmed.ncbi.nlm.nih.gov/24503452/
https://pubmed.ncbi.nlm.nih.gov/24503452/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554646/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554646/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554646/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4519520/#:~:text=Among%20the%20natural%20Sources%2C%20pigment,oxidant%2C%20anti%20cancer%20properties%20etc.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4519520/#:~:text=Among%20the%20natural%20Sources%2C%20pigment,oxidant%2C%20anti%20cancer%20properties%20etc.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4519520/#:~:text=Among%20the%20natural%20Sources%2C%20pigment,oxidant%2C%20anti%20cancer%20properties%20etc.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4519520/#:~:text=Among%20the%20natural%20Sources%2C%20pigment,oxidant%2C%20anti%20cancer%20properties%20etc.


© 2024 Prosper Chinyelum Okwuenu World Journal of Health and Medicine (ISSN: 2584-0223) 

 

 
Volume 2 Issue 3 | Article 1025 P a g e  | 19 

 
 

15. Venil CK, Aruldass CA, Dufossé L, Zakaria ZA, 

Ahmad WA. Current perspective on bacterial pigments: 

emerging sustainable compounds with colouring and 

biological properties for the industry an incisive 

evaluation. RSC Adv., 2014;4:39523-9. 

16. Dufossé L. Red colourants from filamentous fungi: are 

they ready for the food industry? Journal of Food 

Compos Anal. 2018;69:156-61. 

17. Survase, Bajaj and Singhal. Biotechnological 

production of vitamins biotechnological production of 

vitamins. Food Technol Biotechnology. 2006;44:381-

96. 

18. Becker J and Wittmann C. Systems and synthetic 

metabolic engineering for amino acid production–the 

heartbeat of industrial strain development. Curr Opin 

Biotechnol. 2012;23:718-26. 

19. Sun X, Shen X, Jain R, Lin Y, Wang J, and et al. 

Synthesis of chemicals by metabolic engineering of 

microbes. Chem Soc Rev. 2015;44:3760-85. 

20. Mitsuhashi S. Current topics in the biotechnological 

production of essential amino acids, functional amino 

acids, and dipeptides. Curr Opin Biotechnol. 

2014;26:38-44. 

21. O'Donohue M. Meeting the challenges of industrial 

biotechnology in the age of synthetic biology. 2015. 

22. Léonard G, Pfennig A, Celebi AD, Sharma S, Maréchal 

F. Industrial integration of biotechnological processes 

from raw material to energy integration: study by 

modeling approach. CRC Press. 2017. 

23. Ezeonu CS, Tagbo R, Anike EN, Oje OA, Onwurah IN. 

Biotechnological tools for environmental sustainability: 

prospects and challenges for environments in Nigeria a 

standard review. Biotechnology research international. 

2012. 

24. Soetaert W, Vandamme EJ. The scope and impact of 

industrial biotechnology. Ind. Biotechnol. 2010.

 

https://pubs.rsc.org/en/content/articlelanding/2014/ra/c4ra06162d
https://pubs.rsc.org/en/content/articlelanding/2014/ra/c4ra06162d
https://pubs.rsc.org/en/content/articlelanding/2014/ra/c4ra06162d
https://pubs.rsc.org/en/content/articlelanding/2014/ra/c4ra06162d
https://pubs.rsc.org/en/content/articlelanding/2014/ra/c4ra06162d
https://www.sciencedirect.com/science/article/abs/pii/S0889157517302739#:~:text=In%20conclusion%2C%20the%20study%20demonstrates,antimicrobial%20activities%2C%20and%20prominent%20colours.
https://www.sciencedirect.com/science/article/abs/pii/S0889157517302739#:~:text=In%20conclusion%2C%20the%20study%20demonstrates,antimicrobial%20activities%2C%20and%20prominent%20colours.
https://www.sciencedirect.com/science/article/abs/pii/S0889157517302739#:~:text=In%20conclusion%2C%20the%20study%20demonstrates,antimicrobial%20activities%2C%20and%20prominent%20colours.
https://hrcak.srce.hr/file/162028#:~:text=Production%20of%20vitamins%20by%20chemical,exist%2C%20or%20are%20rapidly%20emerging.
https://hrcak.srce.hr/file/162028#:~:text=Production%20of%20vitamins%20by%20chemical,exist%2C%20or%20are%20rapidly%20emerging.
https://hrcak.srce.hr/file/162028#:~:text=Production%20of%20vitamins%20by%20chemical,exist%2C%20or%20are%20rapidly%20emerging.
https://hrcak.srce.hr/file/162028#:~:text=Production%20of%20vitamins%20by%20chemical,exist%2C%20or%20are%20rapidly%20emerging.
https://pubmed.ncbi.nlm.nih.gov/22244788/
https://pubmed.ncbi.nlm.nih.gov/22244788/
https://pubmed.ncbi.nlm.nih.gov/22244788/
https://pubmed.ncbi.nlm.nih.gov/22244788/
https://pubs.rsc.org/en/content/articlelanding/2015/cs/c5cs00159e
https://pubs.rsc.org/en/content/articlelanding/2015/cs/c5cs00159e
https://pubs.rsc.org/en/content/articlelanding/2015/cs/c5cs00159e
https://www.sciencedirect.com/science/article/abs/pii/S0958166913006447#:~:text=Essential%20amino%20acids%20are%20essential,as%20their%20instability%20or%20insolubility.
https://www.sciencedirect.com/science/article/abs/pii/S0958166913006447#:~:text=Essential%20amino%20acids%20are%20essential,as%20their%20instability%20or%20insolubility.
https://www.sciencedirect.com/science/article/abs/pii/S0958166913006447#:~:text=Essential%20amino%20acids%20are%20essential,as%20their%20instability%20or%20insolubility.
https://www.sciencedirect.com/science/article/abs/pii/S0958166913006447#:~:text=Essential%20amino%20acids%20are%20essential,as%20their%20instability%20or%20insolubility.
https://www.researchgate.net/publication/281235514_Meeting_the_challenges_of_industrial_biotechnology_in_the_age_of_synthetic_biology
https://www.researchgate.net/publication/281235514_Meeting_the_challenges_of_industrial_biotechnology_in_the_age_of_synthetic_biology
https://www.taylorfrancis.com/chapters/edit/10.1201/9781351246101-14/industrial-integration-biotechnological-processes-raw-material-energy-integration-gr%C3%A9goire-l%C3%A9onard-andreas-pfennig-ayse-dilan-celebi-shivom-sharma-fran%C3%A7ois-mar%C3%A9chal
https://www.taylorfrancis.com/chapters/edit/10.1201/9781351246101-14/industrial-integration-biotechnological-processes-raw-material-energy-integration-gr%C3%A9goire-l%C3%A9onard-andreas-pfennig-ayse-dilan-celebi-shivom-sharma-fran%C3%A7ois-mar%C3%A9chal
https://www.taylorfrancis.com/chapters/edit/10.1201/9781351246101-14/industrial-integration-biotechnological-processes-raw-material-energy-integration-gr%C3%A9goire-l%C3%A9onard-andreas-pfennig-ayse-dilan-celebi-shivom-sharma-fran%C3%A7ois-mar%C3%A9chal
https://www.taylorfrancis.com/chapters/edit/10.1201/9781351246101-14/industrial-integration-biotechnological-processes-raw-material-energy-integration-gr%C3%A9goire-l%C3%A9onard-andreas-pfennig-ayse-dilan-celebi-shivom-sharma-fran%C3%A7ois-mar%C3%A9chal
https://onlinelibrary.wiley.com/doi/10.1155/2012/450802
https://onlinelibrary.wiley.com/doi/10.1155/2012/450802
https://onlinelibrary.wiley.com/doi/10.1155/2012/450802
https://onlinelibrary.wiley.com/doi/10.1155/2012/450802
https://onlinelibrary.wiley.com/doi/10.1155/2012/450802
https://www.researchgate.net/publication/277702547_The_Scope_and_Impact_of_Industrial_Biotechnology
https://www.researchgate.net/publication/277702547_The_Scope_and_Impact_of_Industrial_Biotechnology

