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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. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

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.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. 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.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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

Current Protocol Length
Number of Steps:  46
Number of Shots:  57 

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to 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 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
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 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. 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 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. 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 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
All procedures were performed according to institutional biosafety and chemical safety requirements for handling cyanogenic plant materials.



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Preparation and Fermentation of Cassava-Based Media
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, label sterile 500 milliliter vented-cap flasks with the substrate type as garri [1]. Mark the target concentration on the flask as 10, 20, 30, 40, or 50 grams per liter [2]. Label the flask with the replicate identification and planned sterilization condition as autoclaved or non-autoclaved [3].
2.1.1. WIDE: Talent labeling the 500 milliliter vented-cap flasks as garri. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Close-up shot of the talent labeling the target concentrations on the flask.
2.1.3. Close-up shot of the talent labeling the replicate identification and sterilization condition on the flask.

2.2. Place a weigh boat on the analytical balance [1]. After pressing TARE/Zero to set to 0.000 grams, weigh the garri to match the final working volume [2].
2.2.1. Talent placing a weigh boat on the analytical balance.
2.2.2. Close-up shot of the analytical balance display showing different target weights.

2.3. Aseptically add the weighed garri into sterile 500 milliliter flask containing 300 milliliters deionized or distilled water [1]. Reapply the vented cap to each flask [2].
2.3.1. Talent aseptically transferring the weighed garri into a sterile 500 milliliter flask containing water.
2.3.2. Talent securing the vented cap onto the flask.

2.4. Mix each suspension for 3 minutes until the mixture is homogenized [1]. If magnetic stirring is used, place the flask on a stir plate and set the speed to 200 g to form a shallow vortex without splashing [2]. Allow the suspension to hydrate undisturbed for 10 minutes at 25 degrees Celsius [3].
2.4.1. Talent holding and gently mixing the flask containing the garri suspension.
2.4.2. Close-up shot of the flask on the stir plate showing a shallow vortex forming in the suspension.
2.4.3. Talent placing the prepared flask undisturbed at 25°C.

2.5. Tighten the vent cap immediately prior to fermentation and swirl the flask by hand 5 times to gently homogenize the mixture and resuspend the settled material [1].
2.5.1. Talent tightening the vent cap and swirling the flask by hand.

2.6. To prepare additional cassava-product media, label the flasks and weigh the substrate as previously demonstrated to achieve 30 grams per liter based on the working volume [1].
2.6.1. Talent adding the substrate onto the weigh boat placed on the analytical balance.	

2.7. Aseptically add the weighed substrate into sterile flask containing 300 milliliters deionized or distilled water [1]. Reapply the vented cap to each flask [2].
2.7.1. Talent aseptically transferring the weighed substrate into a sterile flask containing water.
2.7.2. Talent securing the vented cap onto the flask.

2.8. Hydrate and mix the suspension as previously demonstrated [1]. 
2.8.1. Close-up shot of the hydrated suspension showing evenly dispersed solids without dry clumps.

3. Fermentation and Sterilization of Cassava Media
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Confirm that flasks are fitted with a sterile gas-permeable vented cap to permit gas exchange while minimizing environmental contamination [1].
3.1.1. Close-up shot of the talent checking that each flask is fitted with a sterile gas-permeable vented cap.

3.2. Place the flasks upright at 25 degrees Celsius in a designated area away from direct sunlight and high-traffic airflow and incubate the flasks without agitation for a minimum of 72 hours [1].
3.2.1. Talent arranging the flasks upright in a designated storage area away from direct sunlight and leaving it undisturbed.

3.3. Record the fermentation start date and time for each flask and condition [1].
3.3.1. Talent recording the fermentation start date and time for each flask and condition in a laboratory log sheet.

3.4. Confirm that each 500 milliliter flask contains no more than 300 milliliters of liquid following fermentation to prevent boil-over during sterilization [1].
3.4.1. Close-up shot of the liquid level inside the flask showing the volume below two-thirds of the total flask capacity.

3.5. Once the vented cap is loosened to a finger-tight position, apply autoclave indicator tape to the flask [1].
3.5.1. Talent applying autoclave indicator tape to the flask.

3.6. After loading the flasks into an autoclave-safe tray, place the tray into the autoclave and select the P13 Liquid (P-thirteen) cycle [1].
3.6.1. SCREEN: Show the autoclave control panel while the talent selects the P13 Liquid cycle.
Authors: Please create screen capture videos of the shots labeled as SCREEN,
create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21576053

3.7. Set the sterilization parameters to 121 degrees Celsius for 30 minutes for liquid sterilization [1]. Start the autoclave cycle [2].
3.7.1. SCREEN: Show the autoclave display with the sterilization parameters set to 121 degrees Celsius for 30 minutes.
3.7.2. Show the talent pressing the control to start the autoclave cycle.

3.8. After the cycle completes, allow the autoclave chamber pressure to return to atmospheric pressure and open the autoclave door slowly [1]. Using heat-resistant gloves, remove the flasks and allow them to cool to room temperature [2].
3.8.1. Talent slowly opening the autoclave door.
3.8.2. Talent wearing heat-resistant gloves while removing the flasks and placing them on the bench to cool.

3.9. Store the cooled flasks overnight at room temperature prior to inoculation [1].
3.9.1. Talent placing the cooled flasks in the designated storage area at room temperature.

3.10. Use the fermented cassava media directly without autoclaving to preserve native microbial communities [1].
3.10.1. Close-up shot of the non-autoclaved fermented cassava media inside the flask.

3.11. Inoculate the non-autoclaved media immediately after the 72 hour fermentation period to minimize unintended environmental contamination [1].
3.11.1. Talent handling the non-autoclaved media immediately following the fermentation period.

3.12. Maintain consistent handling across replicates by using the same type 500 milliliter vented-cap flasks, same working volume and the same fermentation duration for all substrate conditions [1]. 
3.12.1. Shot of multiple replicate flasks arranged together showing identical flask types and working volumes.

4. Establishment of Euglena gracilis starter Cultures  
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Inoculate E. gracilis into fresh heterotrophic nutrient medium [1]. Incubate the cultures in complete darkness at 28 degrees Celsius with continuous orbital shaking at 120 g until the cultures reach mid-logarithmic growth [2].
4.1.1. Talent inoculating E. gracilis into fresh heterotrophic nutrient medium.
4.1.2. Talent placing the culture flasks onto an orbital shaker in a dark incubation area.

4.2. Using a compound light microscope in brightfield mode, examine the cultures at 100× to 400× total magnification and confirm active motility, elongated cell morphology, and low levels of encystment [1].
4.2.1. SCOPE: Show actively motile elongated E. gracilis cells with minimal encystment and low debris.

4.3. Exclude cultures exhibiting excessive cellular debris, abnormal morphology, or elevated encystment prior to adaptation experiments [1].
4.3.1. SCOPE: Show culture fields containing excessive debris, irregular cell morphology, or encysted cells being identified for exclusion.

4.4. After gently homogenizing the starter cultures by tightening the vent cap, swirl the flasks by hand for 15 seconds to ensure uniform cell distribution without inducing shear stress [1].
4.4.1. Talent gently swirling the flask by hand.

4.5. Using a Neubauer hemocytometer, determine the cell density [1].
4.5.1. SCOPE: Show E. gracilis cells distributed within the Neubauer hemocytometer grid.

4.6. Once the culture is mixed by swirling the flask for 15 seconds, pipette 1 milliliter of culture into a sterile 1.5 milliliter microcentrifuge tube [1].
4.6.1. Talent transferring 1.0 milliliter of culture into a sterile 1.5 milliliter microcentrifuge tube using a pipette.

4.7. Clean the hemocytometer and coverslip with 70% ethanol and allow the hemocytometer and coverslip to air-dry [1].
4.7.1. Talent cleaning the hemocytometer and coverslip with 70% ethanol and keeping it aside for air-drying.

4.8. Pipette 10 microliters of culture onto the two grids on the hemocytometer and place the coverslip onto the wet sample [1].
4.8.1. Close-up shot of the talent pipetting culture onto the two grids of the hemocytometer and placing the coverslip onto the loaded hemocytometer.

4.9. Using brightfield microscopy with a 10× objective, focus on the grid and count the cells within a defined set of squares on the large grid by applying the standard boundary rules [1].
4.9.1. SCOPE: Show cells distributed within the hemocytometer squares during counting.

4.10. Repeat the cell counts on the second chamber and calculate the mean cells per milliliter [1]. Calculate the cell density [2-TXT].
4.10.1. SCREEN: Show the calculation of the mean cells per milliliter from repeated counts.
4.10.2. Talent recording the final cell density value in the laboratory notebook. TXT: 

4.11. Adjust the inoculation volumes to achieve a final inoculum of 5% volume by volume across all experimental media [1].
4.11.1. Close-up shot of the talent using a pipette to measure and transfer the  inoculation volume into the experimental media flask.

4.12. Prepare separate inocula for each treatment condition to maintain consistent initial cell densities between experimental groups [1].
4.12.1. Shot of multiple labeled inoculum flasks prepared separately for different treatment conditions.

5. Adaptation and Monitoring of E. gracilis Cultures
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Add the prepared E. gracilis inoculum to autoclaved and non-autoclaved cassava media prepared at final garri concentrations of 10, 20, and 30 grams per liter [1].
5.1.1. Talent inoculating labeled autoclaved and non-autoclaved cassava media flasks with the prepared E. gracilis inoculum.

5.2. Use equal inoculation volumes across all treatment conditions to standardize the initial cell density [1].
5.2.1. Close-up shot of the talent measuring identical inoculation volumes with a pipette for multiple treatment flasks.

5.3. After tightening the vented cap, gently swirl the flask in a circular motion for 15 seconds to distribute the cells [1].
5.3.1. Talent gently swirling the flask in a circular motion.

5.4. Incubate the cultures in complete darkness at 25 degrees Celsius to initiate heterotrophic growth [1].
5.4.1. Talent placing the inoculated culture flasks into a dark incubation area.

5.5. Minimize agitation of the non-autoclaved media to preserve the native microbial community structure and substrate stratification [1].
5.5.1. Close-up shot of the non-autoclaved culture flask remaining undisturbed in the incubation area.

5.6. Mix all cultures once daily using gentle manual swirling for 15 seconds to maintain contact between E. gracilis cells and suspended cassava material [1].
5.6.1. Talent gently swirling multiple culture flasks by hand.

5.7. Using a sterile pipette tip, every 48 hours, aseptically collect 1 milliliter samples from each culture [1].
5.7.1. Talent aseptically collecting culture samples from multiple flasks using sterile pipette tips.

5.8. Tighten the vented cap and gently swirl the culture flask for 15 seconds prior to sampling to ensure even distribution of cells and suspended material [1].
5.8.1. Talent tightening the vented cap and gently swirling the flask before sample collection.

5.9. After transferring an aliquot of culture into a sterile 1.5 milliliter microcentrifuge tube, dilute the sample with deionized water as needed to improve visualization of individual cells [1].
5.9.1. Talent pipetting the deionized water into a microcentrifuge tube containing the culture sample.

5.10. Prepare a wet-mount microscopy slide by pipetting 10 microliters of the diluted sample onto a clean microscope slide and covering the sample with a coverslip [1].
5.10.1. Close-up shot of the talent pipetting diluted sample onto the microscope slide and placing the coverslip onto the wet-mounted sample.

5.11. Using a compound light microscope in brightfield mode, examine the samples at 100× to 400× total magnification and assess cell motility, morphology, and frequency of encystment as indicators of adaptation status [1].
5.11.1. SCOPE: Show motile E. gracilis cells with characteristic morphology and low encystment frequency.

5.12. Every 7 days, aseptically transfer 20% volume by volume of each culture into freshly prepared cassava media with the same garri concentration and sterilization condition [1].
5.12.1. Talent aseptically transferring culture into freshly prepared cassava media flasks with matching labels.

5.13. Maintain consistent transfer volumes between passages and repeat serial passaging until the cultures exhibit consistent growth, sustained motility, and low encystment frequency in 30 grams per liter cassava media [1].
5.13.1. Shot of multiple culture flasks from successive passages arranged together on the laboratory bench.

5.14. After performing high-concentration cassava adaptation and comparative growth analysis of E. gracilis cultures, monitor cyanide and harvest biomass for downstream protein analysis [1].
5.14.1. Montage shot showing cyanide strip testing of culture supernatants, biomass pellets collected after centrifugation, and preparation of harvested biomass for downstream protein analysis.


Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 186.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Under fully dark cultivation conditions, cultures grown at 30 gram per liter garri exhibited higher integrated growth [1] than lower concentrations [2].
6.1.1. LAB MEDIA: Figure 1. Video editor: In the panel labelled 30, emphasize the blue line and dotted blue line labelled as autoclaved and non-autoclaved.
6.1.2. LAB MEDIA: Figure 1. Video editor: In the panels labelled 10 and 20 panels, emphasize the blue line and dotted blue line labelled as autoclaved and non-autoclaved. Authors: Please check the accuracy of the shots throughout the results section.

6.2. Lower garri concentrations of 10 to 20 gram per liter showed detectable but reduced and more variable growth [1].
6.2.1. LAB MEDIA: Figure 1. Video editor: Emphasize the scattered black dots in the panels labelled 10 and 20.

6.3. Higher concentrations of 40 to 50 gram per liter reached elevated peak cell densities [1] but showed delayed stabilization and greater variability [2].
6.3.1. LAB MEDIA: Figure 2. Video editor: Emphasize the dashed lines labelled 40 and 50.
6.3.2. LAB MEDIA: Figure 2. Video editor: Emphasize the black dots after calendar days 10.

6.4. Trypan Blue exclusion assays indicated that cultures maintained at 30 gram per liter garri retained high viability across sampled time points [1].
6.4.1. LAB MEDIA: Figure 3. Video editor: In the panel labelled 30, emphasize the blue line labelled as autoclaved between calendar days 3 (the line next to 2.5) and 10 where the line stays close to the top of the graph near 95 to 100% viability.

6.5. Higher garri concentrations showed transient reductions in viability [1], followed by partial recovery with increased variability over time [2].
6.5.1. LAB MEDIA: Figure 4. Video editor: Emphasize the downward dip between day 0 and day 7 for the lines labelled 40 and 50.
6.5.2. LAB MEDIA: Figure 4. Video editor: Emphasize the upward recovery of all 3 lines labelled 30, 40 and 50 from day 7 to day 15.

6.6. Positive outcomes included rounded or semi-encysted cells with reduced motility that remained intact across repeated subculturing [1].
6.6.1. LAB MEDIA: Figure 5. Video editor: Highlight the rounded cells marked with red circles in the microscopy images

6.7. Adapted E. gracilis cultures displayed reproducible growth across multiple substrate types [1].
6.7.1. LAB MEDIA: Figure 6. Video editor: Show all 4 graph panels labelled PEL, PeG, PT, and PU together

6.8. Adapted cultures showed earlier stabilization and reduced late-stage decline [1] relative to wild-type cultures [2].
6.8.1. LAB MEDIA: Figure 6. Video editor: Emphasize the solid blue curves labelled as GA.
6.8.2. LAB MEDIA: Figure 6. Video editor: Emphasize the dotted blue curves labelled as WT. 

6.9. Successful implementation of the protocol yielded E. gracilis biomass with measurable crude protein content [1], as quantified by external laboratory analysis using the Combustion Dumas method [2]. Protein percentages observed in adapted cultures were comparable to those measured in wild-type cultures [3], with higher total protein output corresponding to increased biomass accumulation [4].
6.9.1. LAB MEDIA: Figure 7. Video editor: In the bottom-left panel labelled PT, emphasize the black dots and center marker in the group labelled “GA” on the x-axis.
6.9.2. LAB MEDIA: Figure 7. Video editor: Emphasize the PT and PEL panels.
6.9.3. LAB MEDIA: Figure 7. Video editor: In the top-left panel labelled PeG, highlight the “WT” group and then the “GA” group.
6.9.4. LAB MEDIA: Figure 7. Video editor: In the bottom-right panel labelled PEL, emphasize the taller cluster of points above the “GA” label.
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