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 Highlights
• This project focuses on the transformation of lactose contained in whey and permeate 

into diols (2, 3-butanediol (BD) or acetoin (A)) through a fermentation process named 
Biobac. This process creates a genetically superior bacterium to support the metabolic 
pathway necessary for synthesizing BD and A.  

• The project consists of 3 parts: 

- The genes facilitating the production of BD or A were chemically synthesized and 
added to the chromosome of the Escherichia coli bacterium. Mutations inactivating 
the key genes of five competing fermentation pathways were generated, supporting 
the metabolic pathway of these two products. 

- The results of laboratory-scale whey or whey permeate fermentation provide yields of 
approximately 0.4g BD and 0.10g A per gram of lactose.

- This eco-efficiency study allowed us to identify the economic benefits of Biobac 
compared with other valorization processes. The price of diols is higher than that of 
skimmed whey, whey powder and even methane. However, environmentally speak-
ing, there is more work to be done regarding the separation of diols. Based on the 
results of the life cycle analysis, this separation step is responsible for 60% of the 
greenhouse gases emitted and 70% of the energy demand. 

Results and potential benefits
The research has allowed us to identify three coding genes for enzymes able to successively transform pyruvate produced through glycolysis into  
acetolactate, then into acetoin and, lastly, into 2, 3-butanediol. These genes were synthesized and then integrated into the chromosome of Escherichia 
coli, which made production of the molecules possible. A series of deletions in five fermentation pathways was then developed, which could potentially 
compete with the production of acetoin and 2, 3-butanediol. The addition of the 2, 3-butanediol metabolic pathway in combination with the deletion of 
certain fermentation pathways endogenous to E. coli produces the highest yields during the fermentation of glucose. However, the diol yields remain 
modest (15-20 g/L). 

In regards to the fermentation of whey (25 g/L) (on the laboratory scale in the presence of M9 and urea, Mg and Ca, at a temperature of 37 ˚C, an initial 
pH of approximately 7, and under atmospheric pressure), BD yield is 0.35g BD per gram of lactose after 72 hours of fermentation, while it is 0.25g BD 
per gram of lactose after 24 hours. Under identical operating conditions, BD yield obtained from whey and its permeate is 0.40g per gram of lactose.

The environmental and eco-efficiency studies have demonstrated that: a) the valorization of dairy co-products through the Biobac bioprocess provides an 
alternative sustainable source of energy supply compared to oil with a 51% reduction in greenhouse gases and a 95% reduction in the energy demand; 
b) the environmental impact of valorizing whey permeate is greater than that of valorizing whey due to the concentration of lactose in the co-products; 
c) the weaknesses of the Biobac bioprocess are linked to water consumption and the energy demand of the separation process; d) the production of 
diols (BD, A) has great economic potential thanks to their market prices; and e) the Biobac process helps improve quality of life and better protect natural 
resources (water) by reducing BOD and COD in industrial wastewater produced during dairy processing.

Objectives
GENERAL OBJECTIVE: Genetically modify a bacterium 
using a single-step fermentation process, in order to 
produce two added-value products and to study the 
product’s environmental impacts and energy efficiency. 

• Using metabolic engineering, develop bacterial 
strains of Escherichia coli able to produce mole-
cules of commercial interest such as acetoin and/or 
2, 3-butanediol. Validate the application to valorize 
cheesemaking co-products such as whey or its per-
meate, containing a high concentration of whey that 
can be fermented.  

• Optimize fermentation of whey and its permeate on 
a laboratory scale in different operating conditions 
in the presence of a modified bacteria.  
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Professionals trained
Angela Maria Trivino, master’s student in agri-food engineering (Université Laval). 
Expertise: Environmental impact assessment, life cycle assessment, whey valorization processes, challenges and opportunities in the dairy sector.

Jean-François Rousseau, master’s student (Biology, Université de Sherbrooke). 
Expertise: metabolic engineering, molecular biology. Professional interest: entrepreneurship.

David Fernandez, PhD student (Chemical engineering, Université de Sherbrooke).  
Expertise: fermentation, bioreactors, biotechnological engineering, water treatment.  
  

 For further information
• A literature review on the production of butanediol through fermentation was published: 

Fernandez et al., Biovalorization of saccharides derived from industrial wastes such as 
whey: a review, Journal Reviews in Environmental Science and Bio/Technology, Volume 16, 
Issue 1, pp 147–174, 2017.

• International and national conferences: a) Fernandez et al. Potential fermentation of a dairy 
waste into acetoin by Escherichia coli, The IAFOR International Conference on Sustainability, 
Energy and the Environment, Honolulu, Hawaii, January 5-7, 2017; b) A. Trivino et al. (2017) 
Analyse environnementale des options pour la valorisation du lactosérum, poster session; 
STELA 2017 symposium, “Accroître notre compétitivité face à la mondialisation.” Quebec 
City, Canada. May 29-31, 2017; c) A. Trivino et al. Environmental study of valorization of 
cheese dairy residues, Canadian Society for Bioengineering (CSBE/SCGAB) 2016 Annual 
Conference, Halifax World Trade and Convention Centre, July 3-6, 2016. 

• An article describing the development of Escherichia coli strains capable of producing  
acetoin and butanediol is being prepared (Rousseau et al.).

• An article describing the selection of culture media in the presence of one of the modified 
strains has been submitted (Fernandez et al., 2017).

• Presentations at Novalait’s 2016 and 2018 Forums.

Financial contributions
Partnership for innovation in dairy production and dairy processing (EPI2011-2017):

• Fonds de recherche du Québec – Nature et technologies

• Ministère de l’Agriculture, des Pêcheries et de l’Alimentation du Québec

• Novalait

Total budget: $220,000
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