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In the food technology field, the main consumers’ concerns lie in the food safety, label Bio-inks’ properties P () e HOMC 2% ) o HPMIC 3% (/o

transparency and the environmental impact of the product. While smart packaging = w0 ;
innovations enhance monitoring and preservation, gaps remain in sustainable - | ¢
technologies for sensor development. Electrohydrodynamic (EHD) jet printing is a new 3 ! T
micro-additive manufacturing technology that uses electric fields to precisely deposit Q o —

material through a nozzle, achieving high resolutions with high viscosity inks. Seeing as g e I

it iIs a recent technology, bio-based inks have yet to be designed and optimized. | , e o 0" —" I
Hydroxypropyl methylcellulose (HPMC) stands out as a biodegradable biopolymer with Figure 1. Different HPMC bio-inks concentrations (1, 2 ot —2—=2 = :0 L
excellent compatibility, paving the way for sustainable smart packaging sensors. The and 3% (w/w) in 80% (v/v) ethanol (left) and 90% (v/v) (Ethanoll /% (/1)
addition of fluorescent biomaterials, such as lignin, can broaden the final application of ¢! (9"t e s oot
the jetted bio-structures. Therefore, the objective of this work is to design and optimize . HPMC is insoluble in ethanol sey ° °
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bio-based HPMC inks for EHD jet printing to achieve the highest possible resolution. concentrations above 90% (V/v)

v © Viscosity starts to decrease above 50%
METHOD (v/v) of ethanol

« Surface Tension does not vary with the
HPMC content but is influenced by the
ethanol concentration

w
o
o

Formulation of bio-inks:
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Conductivity Figure 3. Properties (Viscosity (mPa-s), Surface Tension (mN -‘m-') and

Conductivity (uS-cm™) of HPMC-based bio-inks of different
concentrations (1, 2 and 3% (w/w)) in different ethanol concentrations
(0-80% (v/v)).

Figure 2. Home-made EHD jet printer.
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« Above 50% (v/v) ethanol, evaporation
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Analysis of prlntablllty with fixed Figure 4. Best resolution (94.53 pm) achieved with 2% (w/w)
parameters: | HPMC in 30% (v/v) ethanol ink.
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CONCLUSION
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« HPMC shows great potential as a bio-ink;
* The ideal properties of the inks were viscosity: 21-105 mPa-s;

Surface tenSIOn 29-39 mN.m-1 and CondUCtIVIty 18-54 HSCm-1, Ei 5. Confocal mi o ¢ orinted 2% (w/ flow rate; (B) printed at a voltage of 2.05 kV speed of 4 mm-s~' and a flow rate of
 Resolutions lower than 100 yum were achieved (viscosity: 78.22 MG i 509% (viv) othanol with 0.02% (i) of Brewer's Spent 26,28 " s e e ot e O o1 e 2 e o

lignin at a 414 nm emission wavelength and 344 nm excitation  1.96 kV, a flow rate of 28.28 uL-h"' and a working distance of 1 mm, varying

mPa-s; surface tension: 35.05 mN-m-! and conductivity: 43.03 wavelength. speed (3 o 6 mms-).
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* Fluorescent microstructures were obtained with 0.02% (w/v) of
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Figure 6. Bio-ink with 2% (w/w) HPMC in 30% (w/w) ethanol, printed (A) at a
voltage of 2.05 kV speed of 4 mm-s' and a working distance of 1 mm, varying
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