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Bioplastic production from lignin  
Development of a novel downstream processing for biotechnologically produced PET replacement

Lignin PDCA PEP

The global demand for plastics is insatiable. Despite growing environmental awareness, bioplastics currently account for only 1 % of produced 
plastics. The cheap production of oil-based plastics often hampers their replacement. This makes low production costs essential for the success 
of a bioplastic. Lignin is a waste product of paper manufacturing and available in large quantities. Using lignin as a resource for plastics production 
is a cheap and sustainable alternative to oil. Engineered strains of Rhodococcus jostii and Pseudomonas putida degrade lignin and produce 
pyridinedicarboxylic acids (PDCAs), which can substitute terephthalic acid in PET. To keep production costs low, a highly efficient downstream 
processing is required.

•	 Complex formation of extractant and product[3]

•	 Extractants: trioctylamine (TOA) and Aliquat 336
•	 pH optimum: pH 2 TOA, pH 7 Aliquat 336
•	 Product concentrating by reduced volumes of acceptor phase

•	 Product recovery from organic phase after reactive extraction
•	 pH swing can disrupt the product-extractant complex
•	 Product concentrating by reduced volumes of acceptor phase
•	 Recycling of TOA after re-extraction is possible

Introduction

Reactive Extraction Re-Extraction

•	 PDCA is an extracellular product from lignin degradation by engineered strains[1]

•	 Biomass removal via centrifugation
•	 Reactive extraction is a common method for purification of carboxylic acids[2]

•	 Crystallization after reactive extraction yields solid PDCA 

•	 After reactive extraction: PDCA is dissolved in water containing small amounts of ions 
•	 Cooling crystallization (T < 30 °C) yields PDCA crystals, which can be purified from water
•	 pH plays an important role due to charge repulsion of negatively charged PDCA molecules
•	 Cooler temperatures accelerate crystallization 
•	 Up to ~80 % crystallized PDCA after 14 days 

•	 PDCA can replace terephthalic acid in PET plastics
•	 Reactive extraction removes complete PDCA from aqueous  

solution TOA and Aliquat 336 in 1-octanol 
•	 Product recovery from organic phase through pH-swing 
•	 PDCA is crystallized by cooling crystallization 
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Water bath 
T = 25 °C

Centrifugation 
7000xg, 1 min

100 µL aq. phase 
1:20 1 M HCl

Absorption 
271 nm

Vortex mixer  
1 minFigure 1: Molar amount of extractant for reactive extraction of 

30 µmol 2,5-PDCA at pH 2 (TOA) and pH 7 (Aliquat 336). The 
amount of 2,5-PDCA in organic phase was calculated by mass  
balance from the amount of aqueous phase PDCA.

Figure 2: Re-extrac-
tion of 2,5-PDCA af-
ter reactive extracti-
on with trioctylamine 
[A] or Aliquat 336 [B]. 
The yield was calcu-
lated by the amount 
of PDCA after re-ex-
traction and the ini-
tial amount.

Figure 3: Crystalli-
zation of 2,5-PDCA  
(6 mM, pH 2) at 7, 20 
and 30 °C. The amount 
of crystallized PDCA 
was calculated from 
the concentration of 
PDCA compared to the 
initial concentration.
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•	 Upscaling of reactive extraction in centrifugal 
extractor

•	 Multistage extraction from fermentation broth
•	 Optimization of cooling crystallization
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