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INTRODUCTION

ISOLATION OF SPINACH CELLS FROM SPINACH LEAVES
 The isolation of spinach cell takes place in a few steps presented below:
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THE LIVING CELLS CHARACTERIZATION AND PRINTING
 The protoplast were estimated using a cytometer (Figure 3). One could count the living cells using the Evan's Blue test (dead cells allows

Evan's blue to enter their cytosol whereas intact living protoplast shun the entry of Evan's Blue in their cytoplasm). An optical microscope
was used to observe the cells (Figure 4 A and B).

 The viability of the encapsulated plant cells, which depends on the pectin concentration, was about 55%. In Figure 4B, the alive cells can be 
distinguished from the dead ones due to Evan's Blue solution.

 The 3D printing takes place right after the bio-ink preparation (a pectin solution containing spinach cells/CaCl2 suspension (1:1))
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Figure 3: Counting the living and dead cells
using a cytometer.
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• At this moment, the 3D printing is more and more applied in multiple fields. This technology
has been used in domains such as education, medicine or construction development.

• Nevertheless, people’s interest in new flavors or dietary proprieties of food has been the
origin for scientists attraction in this additive manufacturing technology (3D printing). Lately,
various 3D printing prototypes and applications have been developed to produce edible
objects. The 3D printing science could create new textures, flavors, designs or aspects
within food industry.

• Therefore, 3D printing technique has been developed based on the extrusion of bio-inks
composed of a pectin gel and embedded spinach leaf cells. Bovine serum albumin was
added in order to increase the air fraction in the printed gel matrix.

 Firstly, the cellulase buffer is prepared by adding all the chemicals, after that it is kept in a water bath at 55°C. The spinach leaves are cut
in a 0.5-1.0 mm wide segments and added to the cellulase buffer. The solution is kept at room temperature for 4-8 hours.

 The wash buffer is prepared and after the digestion period is complete, this solution is used to release the protoplast.

 The solution is filtered and the suspension is analyzed.

Figure 4: Estimating the living cells: A) One drop of protoplast
suspension observed under the microscope. B) One drop of
Evan's Blue to one drop of protoplast suspension.

Microfluidic pump

Figure 1: Schematic of the 3D printing setup, containing
a CNC system, a microfluidic pump and a laptop.

Figure 2: The cells isolation protocol: (A) Cellulase Buffer, (B) Wash Buffer, (C) Spinach fresh leaves, (D) Extraction of spinach protoplast from spinach leaves.
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A) B) Figure 5: Picture of a
3D printed cube using
as a biological ink only
pectin containing
bovine serum albumin
(BSA). Further, the
spinach cells will be
incorporated into this
mixture and printed.
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