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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?  NO  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  NO 

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. 

4. Filming location: Will the filming need to take place in multiple locations?   YES, same building and in two or three laboratories
 


Current Protocol Length

Number of Steps:  19
Number of Shots:  53

Introduction

1. Introductory Interview Statements

1.1. Aurore Richel: The aim of our protocol is to fractionate the biomass and extract lignin in a single step. Using this method, lignin can be recovered by simple filtration after the treatment, without adjustment of pH, but simply by adding distilled water. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Maroua Kammoun: The focus of this study is to evaluate the effect of this combined pretreatment on feedstock fractionation, its influence on lignin purity and yield, and its effects on the molecular weights and chemical functional groups in the extracted lignin.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested b-roll: 4.1.5, 4.3.1

1.3. Aurore Richel: DES-microwave process is an ultrafast, efficient, and cost-competitive technology for lignocellulosic biomass fractionation and lignin recovery with high purity. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested b-roll: 2.2.2



1.1. 

Protocol
2. Microwave-assisted, ultrafast lignin extraction
2.1. Prepare the deep eutectic solution in a 500-milliliter round-bottom flask as described in the text manuscript [1], then place 5 grams of feedstock, 50 milliliters of deep eutectic solution, 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. 
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 Videographer: This shot is important!
2.2.3. Talent removing the container out of microwave.

2.3. Prepare a homogeneous antisolvent solution and add 50 milliliters of this 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. Videographer: This shot is important!
2.3.2. Talent centrifuging the sample.

2.4. Filter the supernatant using a glass filter crucible [1]. Collect the remaining cellulose residue and wash it by adding 25 milliliters of antisolvent solution and centrifuging [2-TXT].
2.4.1. Talent filtering the supernatant using glass filter crucible. Videographer: This shot is important!
2.4.2. Talent adding the antisolvent solution in the feedstock for washing. TEXT: Repeat wash 4x 
2.4.3. Added shot: Talent Centrifuging and showing the 4 filtrate after each centrifuging

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. Videographer: This shot is important!
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. Videographer: This shot is important!

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. Videographer: This shot is important!

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 [2], then weigh it [3]. 
3.1.1. Talent placing filter crucible in muffle furnace.
3.1.2. Talent cooling the crucible in desiccator.
3.1.3. Talent weighing the filter crucible

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]. Put 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 the remaining solids in the glass bottle with 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 remaining 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. Chemical Function and Molecular Weight of Extracted Lignin
4.1. To analyze chemical function of the extracted lignin, process the background single channel without sample [1]. Then, adjust the parameters [2-TXT] and place 1 milligram of the sample on the crystal [3]. Press sample single channel [4] and process the obtained spectra [5].
4.1.1. Talent processing background single channel. 
4.1.2. Talent setting parameters. TEXT: Resolution 4 cm-1, sample scan time 32, background scan time 16, save data from 4000 to 400 cm-1
4.1.3. Talent placing sample on the crystal and closing the sample department. 
4.1.4. Talent pressing sample single channel.
4.1.5. Talent processing the spectra. 
4.2. To determine the molecular weight of the extracted lignin, dissolve 3 milligrams of the lignin sample in 3 milliliters of DMF with 0.5% lithium chloride [1]. Put the dissolved lignin in a vial [2] and install the column preceded by a guard column [3-TXT].  
4.2.1. Talent putting the vial containing lignin and DMF solution on a string plate.
4.2.2. Talent putting dissolved lignin in a vial
4.2.3. Talent installing the column in the GPC. TEXT: 45 °C, 0.6 mL/min flow rate 
4.3. Inject the sample into the high-performance liquid chromatography-ultraviolet system. After analyzing the data, calculate the molecular weight of the extracted lignin as described in the text manuscript [1-TXT]. 
4.3.1. Talent injecting the sample into GPC. TEXT: 40 min, 270 nm wavelength 

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 [2].
5.5.1. Talent collecting the lower organic phase after 2 hours.
5.5.2. Talent injecting the sample into gas chromatography machine.



Results
6. Component analysis of the yield and purity of the extracted lignin.
6.1. The lignin yield obtained with deep eutectic solution 1-oxalic acid [1] was lower than the yields obtained with deep eutectic solution 2–lactic acid [2] and deep eutectic solution 3–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 deep eutectic solution 3-urea pretreatment of alfa leaves, aegagropile, and almond shells, which gave a lignin purity of 65% [2]. The highest lignin purity exceeded 90% and was obtained with the deep eutectic solution 1 treatment [3].
6.2.1. LAB MEDIA: Figure 3A and 3B.
6.2.2. LAB MEDIA: Figure 3C.
6.2.3. LAB MEDIA: Figure 3A.

6.3. Lignin purity and yield data were subjected to principal component analysis, which showed deep eutectic solution 1 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 deep eutectic solution 3 was the highest followed by that obtained from solutions 2 and 1 [1]. Similarly, the nitrogen content of deep eutectic solution 1 lignin extract was lower than that obtained from solutions 2 and 3 [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. Deep eutectic solution-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 treatment with solutions 1 and 2 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

7.1. Maroua Kammoun: These results demonstrate the possibility of extracting value-added lignin of high purity from Mediterranean biomasses, which is presently undervalued, and can help determine the optimal DES solvent while ensuring the purity of lignin.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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