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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as possible.

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

☐ 	Author interview statement opt out. Statements removed completely.

4. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.
 


To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  21
Number of Shots:  55

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· Fill out both required statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

REQUIRED: What is the main advantage of this technique?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.3. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.3.1. INTERVIEW: Author saying the above. 
1.3.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.4. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Microwave-assisted, ultrafast lignin extraction
2.1. Prepare DES1 (spell out ‘D-E-S-one’) in a 500 milliliters round-bottom flask as described in the text manuscript [1-TXT], then place 5 grams of feedstock, 50 milliliters of DES, and a stirring bar in a microwave in a closed polytetrafluoroethylene reactor [2].
2.1.1. WIDE: Establishing shot of talent with DES1. in a flask. TEXT: DES-deep eutectic solvent
2.1.2. Talent placing feedstock, DES, and stirring bar in microwave.

2.2. Close the microwave container with an appropriate cap and attach a temperature cap [1]. Place it on the edge of the turntable, ensuring that it is constantly agitated, and run the microwave for 1 minute [2-TXT]. Using suitable gloves, take the container out of the microwave and let the mixture cool [3].
2.2.1. Talent closing container with temperature cap.
2.2.2. Talent placing the container on the edge of microwave turntable, closing the door, and starting the microwave. TEXT: 800 W power 
2.2.3. Talent removing the container out of microwave.

2.3. Prepare a homogeneous antisolvent solution and add 50 milliliters of this antisolvent solution to the treated feedstock [1]. Centrifuge the mixture for 5 minutes at 3,000 times g [2]. 
2.3.1. Talent adding prepared antisolvent solution to treated feedstock.
2.3.2. Talent centrifuging the sample.

2.4. Filter the supernatant using a glass filter crucible [1]. Collect the remaining cellulose residue by adding 25 milliliters of antisolvent solution and centrifuging [2-TXT].
2.4.1. Talent filtering the supernatant using glass filter crucible.
2.4.2. Talent adding the antisolvent solution in the feedstock for washing. TEXT: Repeat wash 4x 

2.5. Add the filtered lignin-rich fraction and the filtered washes to a 500-milliliter round bottom flask [1]. Evaporate the ethanol using a rotary evaporator at 50 degrees Celsius and 110 millibar [2], then add 150 milliliters of deionized water to the concentrated liquor [3] and precipitate the lignin by centrifugation [4].
2.5.1. Talent adding the filtered lignin fraction and washes in round-bottom flask.
2.5.2. Talent evaporating the ethanol using rotary evaporator.
2.5.3. Talent adding deionized water to the flask.
2.5.4. Talent centrifuging the solution.

2.6. Collect lignin as a pellet and wash it 4 times with 25 milliliters of distilled water [1], then lyophilize the lignin or dry it in an oven at 40 degree Celsius [2].
2.6.1. Talent washing the lignin pellet with distilled water 4 times.
2.6.2. Talent drying or lyophilizing the lignin.

3. Purity determination of extracted lignin by Klason
3.1. Place the filter crucible in a muffle furnace at 550 degrees Celsius for 4 hours [1].  When the oven cools to 150 degree Celsius, remove the crucible and place it in a desiccator to cool, then weigh it [2]. 
3.1.1. Talent placing filter crucible in muffle furnace.
3.1.2. Talent cooling the crucible in desiccator.

3.2. Add approximately 30 milligrams of lignin into a borosilicate glass tube [1-TXT], then add 1 milliliter of 72% sulfuric acid to the sample [2] and place it in a 30-degree Celsius bath for 60 minutes [3-TXT].
3.2.1. Talent adding lignin into a glass tube. TEXT: Weigh the sample
3.2.2. Talent adding sulfuric acid to the sample.
3.2.3. Talent placing the sample in water bath. TEXT: Vortex every 10 minutes.

3.3. Remove the sample and transfer it to a 100-milliliter glass bottle [1], then add 28 milliliters of distilled water to dilute the acid to a concentration of 4% [2]. Dry the glass bottle in an autoclave at 121 degrees Celsius for 60 minutes, then remove the bottle from the autoclave and allow it to cool [3].
3.3.1. Talent transferring the sample into glass bottle.
3.3.2. Talent adding distilled water.
3.3.3. Talent placing glass bottle in autoclave. 

3.4. To analyze acid-insoluble lignin, filter the hydrolysate using a crucible under vacuum and collect all the solids in a glass bottle containing deionized water [1-TXT]. Dry the crucible containing the solids by placing it in an oven at 105 degrees Celsius for 16 hours [2], then cool it in a desiccator [3] and weigh the sample [4].
3.4.1. Talent filtering the hydrolysate and collecting the solid in glass bottle. TEXT: Rinse the crucible and collect all residue
3.4.2. Talent drying the crucible in oven. 
3.4.3. Talent cooling the crucible in desiccator.
3.4.4. Talent weighing the sample.

3.5. Place the crucible in a muffle furnace at 550 degrees Celsius for 4 hours [1]. Weigh the sample after drying it in a desiccator [2]. 
3.5.1. Talent placing the crucible in a muffle furnace.
3.5.2. Talent weighing the sample.

3.6. For analysis of acid-soluble lignin, measure the absorbance of the hydrolysate filtrate with a spectrophotometer at 205 nanometers using quartz cuvettes [1].
3.6.1. Talent measuring the absorbance of the filtrate.

4. Sample preparation 
4.1. In a Kjeldahl tube, place 100 milligrams of lignin weighed on a nitrogen-free paper, a tablet of Kjeldhal, and 7.2 milliliters of concentrated sulfuric acid [1-TXT]. Switch on the thermostat on the digester and set it to 360 degrees Celsius 1 hour in advance [2]. AUTHORS: How do you pronounce Kjeldhal?
4.1.1. Talent adding lignin, Kjeldhal tablet, and sulfuric acid in a Kjeldhal tube.  
4.1.2. Talent switching on the thermostat.

4.2. Place the sample tubes on a rack, with four blank tubes at the four corners of the rack, and fill in the holes of the rack with empty tubes [1]. Place the rack in the preheated digester [2], cover the suction system, and open the water pump [3].
4.2.1. Talent placing the tubes in the rack.
4.2.2. Talent placing the rack in the digester. 
4.2.3. Talent covering the suction system and opening the water pump.

4.3. After 2 hours, turn off the heating [1]. Remove the samples and allow the rack to cool for approximately 40 minutes with the suction system on [2]. 
4.3.1. Talent turning off the heating.
4.3.2. Talent removing the samples.

4.4. To perform Kjeldhal distillation, insert the tubes [1] and calculate the averages of the four blanks, then enter the value in the Blanco line [2]. Switch to milliliters of titrant at the result line [3], then insert the tube and note the amount of sulfuric acid used [4].
4.4.1. Talent inserting the tube in Kjeldhal distiller.
4.4.2. SCREEN: Blank average values in Blanco line.
4.4.3. SCREEN: Switching to volume of titrant and result line.
4.4.4. Talent noting the amount of sulfuric acid.
AUTHORS: Would you like to provide screen capture videos for the shots labeled SCREEN? If so, please use out screen capture guidelines and upload them to your project page: https://www.jove.com/account/file-uploader?src=18909133

5. Carbohydrate content
5.1. Weigh a 50-milligram sample of lignin in a borosilicate glass tube and add 3 milliliters of 1 molar sulfuric acid [1], then heat the mixture for 3 hours at 100 degrees Celsius and cool it [2]. 
5.1.1. Talent adding lignin and sulfuric acid to glass tube.
5.1.2. Talent heating the mixture. 

5.2. Add 1 milliliter of 15 molar ammonium hydroxide [1] and check the pH to ensure that it is neutral or alkaline [2]. Add 1 milliliter of 2-deoxyglucose to each sample as internal standard [3]. Then, add 400 microliters of this solution into special tubes containing 400 microliters of MIX solution [4].
5.2.1. Talent adding ammonium hydroxide to the mixture.
5.2.2. Talent checking the pH of the mixture.
5.2.3. Talent adding 2-deoxyglucose in each sample.
5.2.4. Talent adding the solutions in special tubes.

5.3. Add 2 milliliters of sodium borohydride-dimethylsulfoxide solution [1], close the tubes, and incubate for 90 minutes at 40 degrees Celsius in a water bath [2]. 
5.3.1. Talent adding sodium borohydride-dimethylsulfoxide solution to special tubes.
5.3.2. Talent placing the special tubes in water bath.

5.4. Remove the tubes from the water bath and add 0.6 milliliters of glacial acetic acid, 0.4 milliliters of 1-methylimidazole, and approximately 4 milliliters of acetic anhydride [1]. After 15 minutes, add 10 milliliters of distilled water, cool [2], and add approximately 3 milliliters of dichloromethane [3].
5.4.1. Talent adding chemicals to the tubes after incubation.
5.4.2. Talent adding distilled water and cooling.
5.4.3. Talent adding dichloromethane to the cooled mixture.

5.5. After 2 hours, collect approximately 1 milliliter of the lower organic phase [1], and inject it into a gas chromatograph equipped with a flame ionization detector capillary column. After analyzing the data, proceed with measuring the chemical functions and molecular weight of the extracted lignin as described in the text manuscript [2].
5.5.1. Talent collecting the lower organic phase after 2 hours.
5.5.2. Talent injecting the sample into gas chromatography machine.

Authors: Per journal guidelines, we are allowed up to 55 shots in the protocol section. We have already reached the limit with this script. To ensure that your protocol can be filmed in one day, we recommend skipping sections 7 and 8 in your manuscript. This will allow the videographer sufficient time to film the other highlighted sections.  




Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 individual steps, using the step numbers from the protocol section of the video script.



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 221. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Component analysis of the yield and purity of the extracted lignin.
6.1. The lignin yield obtained with DES1-oxalic acid [1] was lower than the yields obtained with DES2–lactic acid [2] and DES3–urea [3].
6.1.1. LAB MEDIA: Figure 2A.
6.1.2. LAB MEDIA: Figure 2B.
6.1.3. LAB MEDIA: Figure 2C.

6.2. Lignin purity exceeded 70% for the three pretreatments of the biomasses [1] except for DES3-urea pretreatment of alfa leaves, aegagropile, and almond shells, which gave a lignin purity of 65% [2].
6.2.1. LAB MEDIA: Figure 3A and 3B.
6.2.2. LAB MEDIA: Figure 3C.

6.3. Lignin purity and yield data were subjected to principal component analysis, which showed DES1 treatment to be positively correlated with lignin yield and confirmed it to be the purest lignin with the lowest yield [1].
6.3.1. LAB MEDIA: Figure 4. Video editor focus on the DES1 treatment points labeled “Ox” in the positive quadrant.

6.4. The sugar content in lignin extracted using DES3 was the highest followed by that obtained from DES2 and DES1 [1]. Similarly, the nitrogen content of DES1 lignin extract was lower than that obtained from DES2 and DES3 [2].
6.4.1. LAB MEDIA: Figure 5A, 5B and 5C. Video editor focus only on the three % carbohydrate graphs on the top.
6.4.2. LAB MEDIA: Figure 5A, 5B and 5C. Video editor focus only on the three % nitrogen graphs in the middle.

6.5. The type of sugars in the extracted lignin were also characterized, depicting D-xylose and D-glucose to be the most abundant monosaccharides [1]. 
6.5.1. LAB MEDIA: Figure 6. Video editor focus on the D-glucose % and D-xylose % graphs.

6.6. The chemical functional groups present in extracted lignin were investigated by FTIR spectroscopy [1]. Olive pomace [2], alfa leaves [3], and almond shells showed more intense bands than the other biomasses [4].
6.6.1. LAB MEDIA: Figure 7.
6.6.2. LAB MEDIA: Figure 7E.
6.6.3. LAB MEDIA: Figure 7A.
6.6.4. LAB MEDIA: Figure 7B.

6.7. DES-lignin fractions spectra assigned to the stretching vibration of unconjugated and conjugated carbonyl groups were absent in raw, soda-processed, and alkali-extracted lignins [1].
6.7.1. LAB MEDIA: Figure 8A. Video editor focus on absent signals at 1,730-1,702 cm-1 and 1,643-1,635 cm-1.

6.8. The lignin obtained by DES1 and DES2 treatment indicated the absence of unconjugated C double bond O groups in the solvent spectra [1].
6.8.1. LAB MEDIA: Figure 8B. Video editor focus on absent rising at band at 1,708 cm1 



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver the statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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