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Introduction  
The environmental awareness has promoted the development of new materials towards 

eco-friendly systems based on both, green synthesis processes and raw-materials of renewable 
origin. In this way, focusing the synthesis methods, the use of waterborne polyurethane-urea 
dispersions has gained attention due to their versatility leading to a wide variety of 
applications [1], broadening the range of applications. In addition, it is worth noting that the 
dispersibility in water offers the possibility of incorporating water compatible additives, such 
as plant extracts obtained by aqueous-based extraction procedures. 

Therefore, in this work bioactive plant extracts from Melissa officinalis L. [2] were 
incorporated into waterborne polyurethane-urea dispersions (WBPUU), varying their content 
and using three different incorporation routes. These dispersions were characterized and 
employed in the preparation of films which were analyzed from the viewpoint of 
physicochemical, thermal, thermomechanical and mechanical properties as well as their 
morphology, among others. Finally, the antibacterial properties of the films were analyzed 
after 1 and 4 days of incubation, where it was observed that the content and incorporation 
route of the extracts has influenced the behavior of the films against common pathogens 
(Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa). 

Experimental  
WBPUU was synthesized following a two-step polymerization process in 

heterogeneous medium using poly(ε-caprolactone) diol (PCL) (Mw = 2000 g mol−1), 
isophorone diisocyanate (IPDI), 2,2-bis(hydroxymethyl) propionic acid (DMPA), and 
ethylendiamine (EDA) as chain extender. Bioactive extracts were obtained from Melissa 
officinalis plant by infusion method and incorporated into the WBPUU at 1, 3 and 5 wt% by 3 
different routes: post (mixing with the already synthesized WBPUU dispersion dissolved in 
water), in-situ (adding during the phase inversion dissolved in the water) and pre (adding prior 
to the phase inversion dissolved in a small amount of water). The designed routes are shown 
in Fig. 1 and resulting films were prepared by casting. 

Results and discussion  
Dispersions viscosity and particle size were analyzed. It was observed that the increase 

of extract content led to an increase in the dispersion viscosity. However, the particle size 
distribution broadened to smaller sizes, which could be attributed to the surfactant effect of 
extract components. 



The antibacterial effect of WBPUU-extract films, shown in Fig. 1, against Gram posi-
tive bacteria Staphylococcus aureus ATCC 19213 and Gram negative Escherichia coli ATCC 
10536 was analyzed after 4 days of incubation at 37 ºC. The base WBPUU film did not pre-
sented antibacterial effect. However, the incorporation of bioactive extracts promoted the bac-
teriostatic effect of the films against both bacteria, except in the case where the pre-method (3 
wt%) was used, and for E. coli bacteria. This fact could be related with the intercalation 
mechanism of the extract and the polyurethane-urea nanoparticles, considering also that in 
general, Gram– bacteria are more resistant comparing with Gram+ bacteria [4]. 

 
Fig. 1. Bioactive WBPUU-extract systems preparation routes and AFM phase images of spin 

coated films (3x3 μm2). 

Conclusions  
Different strategies were designed for the incorporation of aqueous bioactive extracts 

into WBPUU resulting in bacteriostatic environmentally-friendly materials [4]. The incorpo-
ration of plant extracts results in films with antibacterial properties, thus opening their ap-
plicability field.  
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