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Ferulic acid — a p-hydroxycinnamic acid

Ferulic acid (FA): a secondary metabolite

Present in plants: free form and cross linked to plant cell wall

Precursor of chemicals: coniferyl alcohol, vanillin, sinapic acid,

and curcumin
Building blocks
o Food/feed
o Cosmetic

o Pharmaceutical

Numerous biological activities
o Antioxidant
o Anti-UV
o Antiallergic,...

Kumar et al.2014
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Structure

Ferulic acid

p-hydroxycinnamic
acid

Table 1. Price and market for p-HCA or precursors.

Compound Price rangel!”l  Market Estimated volume
[Skg '] [M5] [tyear ']

p-coumaric acid®™*  115-330 39.2 (2016)  118-340

caffeic acid 450-900 M.A. MN.A.

chlorogenic acid™” 3000-7900 130 (2017)  16-43

ferulic acid®'" 180-380 53 (2019) 139-294

sinapic acid 3701200 MLA. MNLA.

[al For purity = 95%. M.A. not available.

URD ABI A Flourat et al. 2021
by AgroParisTech




How to access this molecule?

Extraction Biosynthesis

Liquid fermentation using
modified strains

Promising alternative:

Classification as a natural product
T T T ral pre

Challenges: Expression tuning,

Ferulic acid Wheat bran . . .
cofactor optimization

Sinapic acid Mustard bran 0.8

Caffeic acid Sunflower meal 0.3

Difficult challenges for enzymatic

extraction and use of hazardous Chemical
Synthesis

Knoevenagel-Doebner condensation

trom p-hydroxybenzaldehydes

solvents
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Engineered microorganisms for FA production

Metabolic Engineering

Pathway of interest insertion in a microorganism.
Enabling production of F.4 from simple sugar (e.g.
glucose)
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BIO-SYNTHESIS ARCHITECTS

Many researches on biotechnological production of FA using E.
coli as host
Lack of work in fermentation process optimisation and
downstream processing

Kang et al. 2012; Choi et al. 2011; Ni et al. 2015; Lv et al. 2017

FA properties

" Antimicrobial
" Degradation of FA by decarboxylases
" Log(K,,,) > 1— Lipophilic

— Low solubility in water

Hydrophilic-lipophilic features:
Partition coefficient between
octanol and water

(Galanakis et al. 2013)
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Extractive fermentation

= Extractive fermentation: a mean of intensifying the production of molecules {—1 0@/\*%
HO

o Biphasic fermentation

o Extraction assisted by membrane contactor

m Creteria:
o Choice of solvent
o Extraction performance

o Biocompatibility of the solvent towards microorganisms

= Advantages:
o Medium detoxification
o Prevent product degradation and overcome the solubility limit

o Improving yield and productivity and simplifiying product recovery
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Biphasic fermentation for ferulic acid production

Batch and fed-batch biphasic

fermentation

It

" A4

Ferulic acid (FA) production in S ]

YNB and YEPD media H | ‘

Oleyl alcohol -
extractant phase I
CHs

Optimized ferulic acid
medium

glucose, yeast extract and ammonium sulfate
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FA production in YNB and YEPD media

YNB YEPD
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= Better productivity of FA in YEPD medium compared to YNB: 4.2 vs 3.2 mg.L-1.h!

" Incomplete conversion of caffeic acid
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Batch and fed-batch biphasic fermentation

[Glucose-Ethanol] g/L
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* FA production in fed-batch biphasic fermentation: 2 times higher than batch one

* Fed-batch biphasic fermentation: a production of 312.6 mg.L! of FA in yeast
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FA distribution in fed-batch biphasic fermentation
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Conclusion

Feasibility of de novo microbial production of FA using §. cerevisiae
Better productivity of FA in YEPD medium compared to YNB one

Importance of fed-batch fermentation and medium detoxification
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