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SUMMARY 19 
The three critical steps of this protocol are i) developing the right composition and consistency 20 
of the cellulose hydrogel ink, ii) 3D printing of scaffolds into various pore structures with good 21 
shape fidelity and dimensions and iii) demonstration of the mechanical properties in simulated 22 
body conditions for cartilage regeneration.  23 
 24 
ABSTRACT 25 
This work demonstrates the use of three-dimensional (3D) printing to produce porous cubic 26 
scaffolds using cellulose nanocomposite hydrogel ink, with controlled pore structure and 27 
mechanical properties. Cellulose nanocrystals (CNCs, 69.62 wt%) based hydrogel ink with matrix 28 
(sodium alginate and gelatin) was developed and 3D printed into scaffolds with uniform and 29 
gradient pore structure (110-1100 µm). The scaffolds showed compression modulus in the 30 
range of 0.20-0.45 MPa when tested in simulated in vivo conditions (in distilled water at 37 °C). 31 
The pore sizes and the compression modulus of the 3D scaffolds matched with the 32 
requirements needed for cartilage regeneration applications. This work demonstrates that the 33 
consistency of the ink can be controlled by the concentration of the precursors and porosity can 34 
be controlled by the 3D printing process and both of these factors in return defines the 35 
mechanical properties of the 3D printed porous hydrogel scaffold. This process method can 36 
therefore be used to fabricate structurally and compositionally customized scaffolds according 37 
to the specific needs of patients.   38 
 39 
INTRODUCTION 40 
Cellulose is a polysaccharide consisting of linear chains of β (1-4) linked D-glucose units. It is the 41 
most abundant natural polymer on Earth and is extracted from a variety of sources, including 42 
marine animals (e.g., tunicates), plants (e.g., wood, cotton, wheat straw), and bacterial sources, 43 
such as algae (e.g., Valonia), fungi, and even amoeba (protozoa)1,2. Cellulose nanofibers (CNF) 44 
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and cellulose nanocrystals (CNC) with at least one dimension on nanoscale are obtained 45 
through mechanical treatments and acid hydrolysis from cellulose. They not only possess the 46 
properties of cellulose, such as potential for chemical modification, low toxicity, 47 
biocompatibility, biodegradable and renewable, but it also has nanoscale characteristics like 48 
high specific surface area, high mechanical properties, rheological and optical properties. These 49 
attractive properties have made CNFs and CNCs suitable for biomedical applications, mainly in 50 
the form of 3-dimensional (3D) hydrogel scaffolds3. These scaffolds require customized 51 
dimensions with controlled pore structure and interconnected porosity. Our group and others 52 
have reported 3D porous cellulose nanocomposites prepared through casting, electrospinning 53 
and freeze-drying4-8. However, control on the pore structure and fabrication of complex 54 
geometry is not achieved through these traditional techniques.  55 
 56 
3D printing is an additive manufacturing technique, in which 3D objects are created layer by 57 
layer through the computer-controlled deposition of the ink9. The advantages of 3D printing 58 
over traditional techniques includes design freedom, controlled macro and micro dimensions, 59 
fabrication of complex architectures, customization and reproducibility.  In addition, 3D printing 60 
of CNFs and CNCs also offers shear-induced alignments of nanoparticles, preferred 61 
directionality, gradient porosity and can easily be extended to 3D bioprinting10-15. Recently, the 62 
dynamics of CNCs alignment during 3D printing has been reported16,17. Advances in the field of 63 
bioprinting have enable 3D printed tissues and organs despite the involved challenge such as 64 
choice and concentration of living cells and growth factors, composition of the carrier ink, 65 
printing pressures and nozzle diameters18-20.   66 
 67 
The porosity and compressive strength of cartilage regenerative scaffolds are important 68 
properties that dictates its efficiency and performance. Pore size plays an important role for the 69 
adhesion, differentiation, and proliferation of cells as well as for the exchange of nutrients and 70 
metabolic waste21. However, there is no definite pore size that can be considered as an ideal 71 
value, some studies showed higher bioactivity with smaller pores while others showed better 72 
cartilage regeneration with larger pores. Macropores (<500 µm) facilitate tissue mineralization, 73 
nutrient supply and waste removal while micropores (150-250 µm) facilitate cell attachment 74 
and better mechanical properties22,23. The implanted scaffold must have sufficient mechanical 75 
integrity from the time of handling, implantation and until the completion of its desired 76 
purpose. The aggregate compressive modulus for natural articular cartilage is reported to be in 77 
the range of 0.1-2 MPa depending on age, sex and tested location4,24-29.   78 
 79 
In our previous work11, 3D printing was used to fabricate porous bioscaffolds of a double 80 
crosslinked interpenetrating polymer network (IPN) from a hydrogel ink containing reinforced 81 
CNCs in a matrix of sodium alginate and gelatin. The 3D printing pathway was optimized to 82 
achieve 3D scaffolds with uniform and gradient pore structures (80-2125 µm) where 83 
nanocrystals orient preferably in the printing direction (degree of orientation between 61-76%). 84 
Here, we present the continuation of this work and demonstrates the effect of porosity on the 85 
mechanical properties of 3D printed hydrogel scaffolds in simulated body conditions. CNCs used 86 
here, were earlier reported by us to be cytocompatible and non-toxic (i.e., cell growth after 15 87 
days of incubation was confirmed30). Moreover, scaffolds prepared via freeze-drying using the 88 



   

same CNCs, sodium alginate and gelatin showed high porosity, high uptake of phosphate buffer 89 
saline and cytocompatibility toward mesenchymal stem cells5. The goal of this work is to 90 
demonstrate the hydrogel ink processing, 3D printing of porous scaffolds and the compression 91 
testing. Schematics of the processing route is shown in Figure 1. 92 
 93 
PROTOCOL 94 
 95 
1. Preparation of precursors 96 
 97 
1.1 Preparation of cellulose nanocrystals suspension 98 
 99 
NOTE: Isolation of cellulose nanocrystals is done according to the procedure reported by 100 
Mathew, et al30. 101 

 102 
1.1.1 Dilute 17 wt% suspension of cellulose nanocrystals to 2 wt% by adding distilled water to 103 
make a total volume of 2 L. Mix thoroughly using ultra sonication and use smaller batches (250-104 
300 mL) for efficient mixing.  105 
 106 
1.1.2 Pass the sonified suspension through the homogenizer 10 times at a pressure of 500-600 107 
bar. At this point, a thick transparent gel of 2 wt% cellulose nanocrystals is obtained. 108 

 109 
1.1.3 Concentrate 2 wt% cellulose nanocrystals gel to 11 wt% through centrifugations at 24,500 110 
x g for 1.5 h. Decant water out in between every 30 min.  111 
 112 
NOTE: Experiment can be paused here.  113 

 114 
1.2 Preparation of matrix phases 115 
 116 
1.2.1 Prepare homogeneous solution of 6 wt% sodium alginate (SA) in distilled water at 60 °C 117 
under continuous stirring.  118 
 119 
1.2.2 Prepare homogeneous solution of 12 wt% gelatin (Gel) in distilled water at 60 °C under 120 
continuous stirring.  121 
 122 
NOTE: Prepare a volume of 20 mL for matrix solutions and store in refrigerator. 123 
 124 
1.3 Preparation of crosslinkers 125 
 126 
1.3.1 Prepare the solution of 3 wt% calcium chloride in distilled water at room temperature 127 
under continuous stirring.  128 
 129 
1.3.2 Prepare the solution of 3 wt% glutaraldehyde in distilled water at room temperature 130 
under continuous stirring.  131 
 132 



   

NOTE: Prepare a volume of 50 mL for crosslinking solutions and store in room temperature. 133 
Refer to the Table of Materials for vendor information. Experiment can be paused here.  134 
 135 
2. Preparation of hydrogel ink 136 
 137 
2.1 Prepare 40 mL of hydrogel ink in a polystyrene container by mixing 11 wt% CNC, 6 wt% SA 138 
and 12 wt% Gel to obtain a wet (wt%) composition of CNC/SA/Gel/Water: 139 
6.87/1.50/1.50/90.12. 140 
  141 
2.2 Heat the mixture to 40 °C and mix with a spatula until a smooth paste is obtained.  142 
 143 
2.3 Transfer the mixture into a 60 mL syringe. Pass the mixture through a series of nozzles with 144 
different diameters into another 60 mL syringe, with the help of mechanical clamp. Repeat the 145 
process until smoothly extruded filaments of hydrogel ink are obtained. Start with nozzle with 146 
biggest diameter of 800 µm, followed by 600 µm and 400 µm.  147 
 148 
2.4 Gently centrifuge (4000xg) the syringe filled with hydrogel ink to remove trapped air.  149 
 150 
NOTE: Experiment can be paused here.  151 
 152 
3. Measurement of rheological properties of hydrogel 153 
 154 
NTE: Perform the rheological properties by using a smooth cone-on-plate geometry, CP25-2-155 
SN7617, diameter 25 mm, 2° nominal angle and gap height 0.05 mm at 25 °C. 156 
 157 
3.1 Turn on the rheometer, air compressor and temperature control box. Initialize the software. 158 
 159 
3.2 Mount the measuring tool in the rheometer and set zero-gap.  160 
 161 
3.3 Extrude approximately 1 mL of the hydrogel ink onto the rheometer platform.  162 
 163 
3.4 Measure the viscosity as a function of shear rate. Select the shear rate range from 0.001 to 164 
1000.  165 
 166 
3.5 After the measurement is done, clean the rheometer platform and measuring tool. Extrude 167 
1 mL of fresh hydrogel ink again on the rheometer platform. 168 
 169 
3.6 Measure storage moduli (G′) and loss moduli (G″) as a function of shear stress at a 170 
frequency of 1 Hz. Select the shear stress range from 103 to 107. 171 
 172 
3.7 Once the tests are completed, copy the data into text file and plot rheological curves in 173 
logarithmic scale. 174 
 175 
4. File preparation for 3D Printing  176 



   

 177 
NOTE: Cura 2.4.0 software is used for designing 3D scaffolds (20 mm3) having three types of 178 
pores. 1- Uniform pores of 0.6 mm, 2- uniform pores of 1.0 mm and 3- gradient pores of range 179 
0.5-1 mm.  180 
 181 
4.1 Download stereolithography (stl) file of a solid cube from thingsinverse.com and open the 182 
file in Cura. 183 
 184 
4.2 Click the loaded model and move it to X/Y/Z : 0/0/0 mm. Click Scale, uncheck box for 185 
Uniform scaling and set the dimensions to  X/Y/Z : 20/20/20 mm. Click Rotate and rotate the 186 
cube by 45° in XY plane.  187 
 188 
4.3 In the side panel, in Nozzle & Material, select 0.4 mm and paste the profile. Select 189 
Discov3ry complete as the printer.   190 
 191 
4.4 In the side panel, select Custom for Print Setup. Under Quality section, enter 0.2 mm for all 192 
sub sections. Under Shell section, enter 0 mm for all sub sections. Under Material section, 193 
enter 26 °C for temperature, 1 mm Diameter and 100 % Flow. Under Speed section, enter 30 194 
mm/s as Print Speed and 120 mm/s as Travel Speed. Under Support section, uncheck the box 195 
for Enable Support. Under Build Plate Adhesion section, select Skirt, enter 3 mm as Skirt 196 
Distance and 150 mm as Skirt/Brim Minimum length.  197 
 198 
4.5 For scaffolds with uniform pore size, enter 0.6 or 1 mm Infill Line Distance and select Grid 199 
Infill Pattern. 200 
 201 
4.6 For gradient porosity scaffolds, Merging and Grouping tool is used. Right click the loaded 202 
model, select Multiple Models, enter 2 and press OK. Scale each model as X/Y/Z : 20/20/7 mm. 203 
Place the models on top of each other. Enter Infill Line Distance as 0.3, 0.5 and 0.7 mm for 204 
bottom, middle and top model, respectively. Select all three models (Ctrl + A), right click and 205 
click Group Models.  206 
 207 
4.7 Save the models on the Sure Digital (SD) card. Cura automatically save the file as gcode that 208 
is read by the printer.  209 
 210 
5. 3D printing porous scaffolds 211 
 212 
5.1 Insert the transfer tube into the nozzle holder and connect 400 µm nozzle to it. Level the 213 
build plate to get the correct distance between the build plate and nozzle.  214 
 215 
5.2 Load the centrifuged syringe into the cartridge and connect it to the other side of the 216 
transfer tube. 217 
 218 
5.3 Insert the SD card into the printer, select Purge fast and start purging the hydrogel ink until 219 
it starts to extrude from the nozzle. Continue purging for 2-3 min to obtain a homogeneous 220 



   

flow. 221 
   222 
5.4 From the SD card, select the saved files for uniform and gradient porosity scaffolds and start 223 
printing. Keep an eye on the extrusion rate. If needed, adjust the speed and flow rate 224 
accordingly. For smaller pore size, use faster speed combined with low flow rate (50 mm/s and 225 
70%).  226 
 227 
NOTE: Do not touch the 3D printed scaffolds. 228 
 229 
 6. Crosslinking of 3D printed scaffolds 230 
 231 
6.1 After the 3D printing is complete, gently add drops of 3 wt% CaCl2 to the scaffold until it 232 
becomes completely wet. Wait for 5 min.  233 
 234 
6.2 Very carefully transfer the scaffold from the printer to a 50 mL container filled with 3 wt% 235 
CaCl2. Leave it overnight.  236 
 237 
6.3 Wash thoroughly with distilled water and transfer the scaffold to a 50 mL container filled 238 
with 3 wt% glutaraldehyde. Leave it overnight.  239 
 240 
6.4 Wash thoroughly and store the 3D printed scaffold in distilled water.  241 
 242 
7. Compression testing  243 
 244 
NOTE: Perform compression tests with 100 N load cell in water at 37 °C. 245 
 246 
7.1 Fill the container equipped with submersible compression base plate with 2 L of water and 247 
start the heating system to reach 37 °C.  248 
 249 
7.2 Initialize Bluehill Universal software and set up the testing method. Select rectangular 250 
specimen geometry and choose the option to enter dimensions before testing each sample.  251 
Set the strain rate to 2 mm/min and end of result as 80% compressive strain together with 90 N 252 
force.  253 
 254 
7.3 In the Measurement section, select force, displacement, compressive stress and 255 
compressive strain. Choose the option to export data as text files for future plotting.  256 
 257 
7.4 Set the zero extension point by using the jog controls to lower crosshead plate as close as 258 
possible to base plate.  259 
 260 
7.5 Measure and note the dimensions of the samples to be tested.  261 
 262 
7.6 When the water temperature reaches to 37 °C, place the sample on the base plate.  Secure 263 
the sample by moving the crosshead plate so that it starts to touch the sample. 264 



   

 265 
7.7 Move the water bath up, so that the plates with the sample in-between them are immersed 266 
in water.  267 
 268 
7.6 Enter sample name and dimensions. Start the test.  269 
 270 
7.7 After the test is complete, first move the water bath down and then raise the crosshead 271 
plate.  272 
 273 
7.8 Remove the sample and its pieces, if any, clean both the plates and load a new sample.  274 
 275 
7.9 After all the samples are tested, export the raw data. Plot compressive stress vs. 276 
compressive strain curves and determine the compressive tangent modulus at strain values of 277 
1-5 % and 25-30 %. 278 
 279 
NOTE: Place the gradient cube in such a way that the larger holes face the stationery base plate. 280 
First secure the scaffold in between the grips and then start/stop the measurement. 281 
 282 
REPRESENTATIVE RESULTS 283 
CNCs based nanocomposite hydrogel ink shows a strong non-Newtonian shear thinning 284 
behavior (Figure 2a). The apparent viscosity of 1.55 × 105 Pa.s at a low shear rate (0.001 s-1) 285 
drops by five orders of magnitude to a value of 22.60 Pa.s at a shear rate of 50 s-1 (≈50 s-1 being 286 
a typical shear rate experienced during 3D printing)31. The hydrogel ink exhibits a viscoelastic 287 
solid behavior, as the storage modulus G’ (4.42×107 Pa) is an order of magnitude greater than 288 
the loss modulus G’’ (8.26×106 Pa) at low shear stress, with a well-defined dynamic yield stress 289 
value (G’=G’’) of 5.59×104 Pa (Figure 2b). The 3D printed porous nanocomposite hydrogel 290 
scaffolds are in shown in Figure 3. For all the printed scaffolds, the shape and dimensions are 291 
very well retained after printing as well as after double crosslinking. The pore sizes of the 292 
scaffolds, 110-1100 µm, are in the range of 100-400 µm that is considered a benchmark for 293 
cartilage regeneration32.  294 
 295 
The 3D printed scaffolds were tested in compression mode. This is the preferred mode of 296 
mechanical testing for cartilage materials because the role of natural cartilage is to bear loads 297 
in compression. To mimic the in vivo conditions, scaffolds were tested in water at 37 °C. Table 1 298 
and Figure 4a represents the compressive data obtained for different porous nanocomposite 299 
hydrogel scaffolds at a strain rate of 2 mm/min. At low strain rates (1-5%), the compressive 300 
modulus (~ 0.17 MPa) is more or less similar for all types of porous scaffolds. This shows that 301 
the elastic nature of the hydrogel ink is preserved even in the presences of the macropores. 302 
However, at high strain rates (25-30%), the highest modulus of 0.45 MPa is obtained for 303 
reference scaffold with no porosity. However, as soon as the pore size increases, the modulus 304 
decreases, due to the decrease in density indicating the expected relationship between porosity 305 
of the scaffolds and the corresponding mechanical properties. In case of the gradient porous 306 
scaffolds, the modulus is higher (0.34 MPa) as compared to uniform porous scaffolds (0.20 and 307 
0.26 MPa) because of the presence of smaller pore sizes and more solid walls. Furthermore, the 308 



   

compressive modulus of the 3D hydrogel scaffolds increases as the compression rate increases 309 
(Figure 4b), exhibiting and mimicking the viscoelasticity of natural cartilage tissues that is 310 
considered favorable for load bearing scaffolds33. The compressive modulus of 0.20 MPa at 311 
strain rate of 2 mm/min increases to 0.35 MPa at 5 mm/min and further increases to 0.47 MPa 312 
at 120 mm/min and is in the range reported for natural cartilage (i.e., compressive modulus of 313 
0.1-2 MPa).  314 
 315 
FIGURE AND TABLE LEGENDS 316 
Figure 1. Schematics of the processing route. (a) Preparation of the nanocomposite hydrogel 317 
ink. (b) 3D printing porous scaffolds. (c) Double crosslinking of 3D printed scaffolds. (d) 318 
Compression testing of 3D porous scaffolds in water at 37 °C.   319 
 320 
Figure 2. Log–log plots of nanocomposite hydrogel ink. (a) Viscosity vs. shear rate and (b) G’ 321 
and G’’ vs. shear stress. 322 
 323 
Figure 3. 3D printed porous scaffolds. Scale: 500 µm. (a) Reference with no holes. (b) 1 mm 324 
pore size. (c) 0.60 mm pore size. (d) Gradient porosity 110-800 µm.  325 
 326 
Figure 4. Representative stress-strain curves for 3D printed porous nanocomposite hydrogel 327 
scaffolds. (a) At constant strain rate of 2 mm/s. (b) At different strain rates for 1 mm pore size 328 
scaffold.  329 
 330 
Table 1. Compression data for 3D printed nanocomposite hydrogel scaffolds.  331 
 332 
DISCUSSION 333 
 334 
3D printing requires suitable rheological properties of the hydrogel ink. The high viscosity ink 335 
will require extreme pressures for its extrusion while low viscosity ink will not maintain its 336 
shape after extrusion. The viscosity of the hydrogel ink can be controlled through the 337 
concentration of the ingredients. As compared to our previous work11, the solid content of the 338 
hydrogel ink is increased from 5.4 to 9.9 wt% resulting in concentrated hydrogel ink which helps 339 
to improve the resolution of the printed scaffold. It may be noted that, unlike long flexible 340 
CNFs, rigid rod like CNCs can produce inks with higher solid contents at a given viscosity due to 341 
the absences of physical entanglements14. Another important aspect that affect printability is 342 
the homogeneity of the ink. It was noted that heating the hydrogel ink at a temperature of 40 343 
°C promotes the homogeneous mixing of CNCs with the matrix phase. To further ensure the 344 
smoothness of the hydrogel ink, it was passed through a series of nozzles, starting with the 345 
biggest diameter of 800 µm, then 600 µm and finally 400 µm. During these passes, the nozzle 346 
can be clogged which indicates the presences of big lumps but after these passes the hydrogel 347 
ink extruded effortlessly in the form of a continuous filament. The nozzle movement to obtain 348 
3D printed constructs is also of great importance as indicated by our previous work11. The 349 
nozzle pathway should avoid repetitive movements and excess depositions of the hydrogel ink 350 
so that the resolution of the 3D print is preserved. 351 
 352 



   

The porosity obtained in the 3D printed hydrogel scaffolds is in the acceptable range as 353 
compared to the targeted porosity (Table 1). An exact match cannot be expected because of 354 
the swelling nature of the hydrogel ink.  The consistency of the hydrogel ink is an important 355 
factor especially when ex-situ crosslinking has to be done, i.e. crosslinking after the printing of 356 
the 3D construct. It was noted that the hydrogel ink was concentrated enough (solid content of 357 
9.9 wt%) to maintain its shape, structure and dimensions during and after the printing process.  358 
 359 
The pore size of the scaffold plays an essential role in cell interactions, oxygen diffusion and 360 
waste removal together with its mechanical properties to perform and support the desired 361 
functionality. Scaffolds with gradient porosity have the ability to better represent the actual in 362 
vivo conditions where cells are exposed to layers of different tissues with varying structural 363 
properties22,23,34. The porosity and mechanical properties are inversely related but the 364 
composition of the hydrogel scaffold can play an important role. CNCs has been selected as the 365 
main ingredient of the hydrogel ink because of its well-known mechanical properties2,35,36. The 366 
hydrogel ink fabricated here, possess its elasticity even in the presences of the pores, has an 367 
optimal pore size (110-1100 µm) and a suitable compressive modulus (0.20-0.45 MPa) required 368 
for cartilage regeneration applications.   369 
 370 
Compression testing was done in water and at body temperature to mimic the in vivo 371 
conditions as much as possible. There was no drying step involved between 3D printing and 372 
mechanical testing. In natural tissues, a porosity gradient is observed rather than one uniform 373 
pore size. The same is true for compression values for load bearing natural tissues, as the 374 
compressive modulus depends on the age, sex and on the tested location.  375 
 376 
The advantage with the study presented here is that the final porosity and compressive 377 
modulus values of 3D porous scaffold can be controlled and customized through hydrogel ink 378 
composition and 3D printing process. This protocol is flexible and can be modified according to 379 
the specific requirements. The 3D printing is a powerful technique and can be explored in 380 
future to develop scaffolds with complex structural and compositional features. Multi material 381 
dispensing can introduce revolution by controlling the composition of the scaffolds, 382 
concentration of cells or growth factors, structural features such as directionality or porosity, 383 
mechanical properties and degradation rate in different parts of the 3D constructs.  384 
 385 
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Target pore size (µm) Average pore size (µm)

Reference 0

1000 850-1100

600 480-650

Gradient 110-800
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Compressive modulus at 1-5 % strain (MPa)

0.19 ± 0.04

0.17 ± 0.02

0.16 ± 0.01

0.16 ± 0.01



Compressive modulus at 25-30 % strain (MPa)

0.45 ± 0.03

0.2 ± 0.01

0.26 ± 0.05

0.34 ± 0.04



Name of Material/ Equipment Company Catalog Number

60 mL syringe Structur3D Printing

Alginic acid sodium salt Sigma-Aldrich 9005-38-3

Anhydrous calcium chloride Sigma-Aldrich  10043-52-4

Clamps, three pronged, Talon VWR 241-0404

Cura 2.4.0 Ultimaker

Discov3ry Complete Structur3D Printing

Gelatin from bovine skin Sigma-Aldrich 9000-70-8

Glutaraldehyde solution 50 wt. % in H2O Sigma-Aldrich 111-30-8

homogenizer SPX APV-2000

Instron 5960 Instron 

Physica MCR 301 rheometer Anton Paar

Sorvall Lynx 6000 centrifuge AB Ninolab s/n 41881692

stainless steel nozzle Structur3D Printing

thingsinverse MakerBot's 

ultra sonication Qsonica, LLC Q500

Unbarked wood chips Norway spruce (Picea abies)

Table of Materials Click here to access/download;Table of Materials;Table of Materials.xls

https://www.sigmaaldrich.com/catalog/search?term=9005-38-3&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=SE&focus=product#
https://www.sigmaaldrich.com/catalog/search?term=10043-52-4&interface=CAS%20No.&lang=en&region=US&focus=product#
https://www.sigmaaldrich.com/catalog/substance/gelatinfrombovineskin12345900070811#
https://www.sigmaaldrich.com/catalog/search?term=9000-70-8&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=SE&focus=product#
http://www.sigmaaldrich.com/catalog/search?term=111-30-8&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=SE&focus=product#
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/picea-abies#
https://www.editorialmanager.com/jove/download.aspx?id=957364&guid=d5fe7009-6418-4c42-b739-200ac0e85f00&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=957364&guid=d5fe7009-6418-4c42-b739-200ac0e85f00&scheme=1


Comments/Description

 102 mm, Dual adjustment clamp, large, clamp extension 127 mm

Free slicing software

Ultimaker 2+ 3D printer integrated with Discov3ry paste extruder

Instron 5960, Biopuls Bath, 100 N load cell, 37 °C, 

CP25-2-SN7617, gap height 0.05 mm, 25 °C

F12-rotor (6x500 ml)

800, 600 and 400 µm

 sharing and downloading 3D printable things in form of stl files

dry matter content of 50–55%
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exclusive right to use all or part of the Article for the non-
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teaching classes, and to post a copy of the Article on the
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and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
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7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
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licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
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8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 

11. Indemnification.  The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein.  The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE.  The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
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Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE.  If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law.  This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees.  This Agreement shall be
governed and construed by the internal laws of the
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and the same agreement.  A signed copy of this Agreement
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We would like to thanks editor and reviewers for their time and feedback.  

Editorial comments:  

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. 

Thank you for your comment. We have proofread the manuscript.  

2. The Summary is over the 50 word limit. 

Thank you for your comment. Summary is revised now. 

3. There is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the Protocol 

steps in yellow (including headings and spacing) for filming that identifies the essential steps of the 

protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the 

Protocol. 

Please find the highlighted text in the manuscript.  

4. JoVE cannot publish manuscripts containing commercial language. This includes company names 

before an instrument or reagent. Please remove all commercial language from your manuscript and 

use generic terms instead. All commercial products should be sufficiently referenced in the Table of 

Materials and Reagents. Examples of commercial language in your manuscript include BioPuls, etc. 

Thank you for the explanation. Commercial language is removed now.  

5. Please use a single space between numerical values and their units. 

Thank you for your comment. The space is corrected now.  

6. Please use h, min, s for time units. 
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7. Step 4.5: Please write this step in the imperative tense. 

Thank you for your comment. The step wording is revised now.  

8. Please number all references in Reference section. 
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