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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☒ Correct 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes
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

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 04/24/2026


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps:  20
Number of Shots:  53



Introduction 
Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context. The answers have been revised for length, clarity, and consistency with journal style guidelines.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Pablo Jiménez-Bonilla: This protocol uses microplate and HPTLC analysis to measure phenolics and flavonoids in citrus peel extracts.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research contexts or systems in which this protocol can be applied.
1.2. Pablo Jiménez-Bonilla: This protocol applies to plant materials, especially citrus by-products, in food science, phytochemistry, and extract quality control.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
CONCLUSION:
Describe the most important consideration or challenge when performing this protocol.
1.3. Victor Álvarez-Valverde: In this protocol, ensuring good chromatographic separation is critical; mobile phase polarity must be adjusted according to plant and tissue.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Are there any additional methods or analyzes that can be performed following this procedure?
1.4. Victor Álvarez-Valverde: Separated bands obtained from this procedure can be further elucidated by MS and NMR or compared with standards for identification.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Victor Álvarez-Valverde: This method can be developed to enable the identification of additional phenolic compounds, for a more comprehensive analysis.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Protocol  
2. Citrus Peel Processing and Sample Preparation
Demonstrator: Irina Saborío-González
2.1. To begin, obtain citrus fruits like lime or mandarin [1]. Remove approximately 50 grams of peel from each fruit and separate it from the edible portion [2]. Freeze peels in a zip-lock bag at minus 20 degrees Celsius for 2 hours [3].

2.1.1. WIDE: Show the work bench with the required number of citrus fruits on it.
2.1.2. Talent removing peel from each fruit and separating it from the edible portion.
2.1.3. Talent placing the peels in a plastic zip-lock bag and transferring the bag to a freezer.

2.2. Keep the frozen peels in a precooled freeze-dryer in open bags. [1]. Apply a vacuum of 0.1 millibar and dry the peels overnight until completely dry [2]. Use a blade mill to grind each dried peel material to approximately 0.1 millimeter [3].

2.2.1. Talent transferring the frozen peel bags to a precooled freeze-dryer.
2.2.2. Talent placing the open bags in the freeze-dryer.
2.2.3. Show the dried peel and then show the talent grinding the dried peel material with a blade mill.

3. Preparation of Citrus Peel Extracts

3.1. Weigh around 100 milligrams of dry, ground citrus peel and place it in a 15-milliliter glass tube [1]. Add 3 milliliters of 60 percent ethanol to the tube [2].

3.1.1. Talent weighing the dry, ground citrus peel and transferring it to a 15 mL glass tube.
3.1.2. Talent adding 3 mL of 60% ethanol to the glass tube.

3.2. Sonicate the mixture in an ultrasonic bath for 10 minutes at 40 degrees Celsius [1]. Centrifuge the sample at 850 g for 10 minutes [2].

3.2.1. Talent placing the glass tube in an ultrasonic bath.
3.2.2. Talent placing the tube in a centrifuge.

3.3. Use a Pasteur pipette to transfer the supernatant to a 10-milliliter volumetric flask without disturbing the sediment [1]. Add 3 milliliters of 60 percent ethanol to the tube containing the moist solid residue [2]. Sonicate and centrifuge the mixture again in the same conditions demonstrated previously [3].

3.3.1. Talent transferring the supernatant to a 10-mL volumetric flask with a Pasteur pipette while leaving the sediment undisturbed.
3.3.2. Talent adding 3 milliliters of 60 percent ethanol to the tube containing the moist residue.
3.3.3. Representative shot of talent placing the tube into the ultrasonic bath 

3.4. Use a Pasteur pipette to transfer the supernatant to the volumetric flask used earlier  [1]. Add 3 mL of 60% ethanol to the remaining residue to repeat the extraction process [2]. Transfer the resulting supernatant to the same volumetric flask [3].

3.4.1. Talent transferring the second supernatant into the same volumetric flask.
3.4.2. Talent adding 3 milliliters of 60 percent ethanol to the remaining residue.
3.4.3. Shot of the talent transferring the supernatant to the volumetric flask.

3.5. Add 2 drops of 0.1 mole per liter hydrochloric acid to acidulate the combined extract [1]. Bring the volume to 10 milliliters with methanol [2].

3.5.1. Talent adding 2 drops of 0.1 mole per liter hydrochloric acid to the combined extract.
3.5.2. Talent filling the volumetric flask to 10 milliliters with methanol.

4. Quercetin Standard Preparation and Flavonoid Quantification Assay  

4.1. Prepare a quercetin stock solution [1] by using the reagents as presented [2]. Add the required volume of stock solution into 1.5-milliliter tubes to prepare standards at 0, 10, 20, 40, 60, 80, and 100 micrograms per milliliter [3]. Add 80% methanol to make up to 1 milliliter [4]. 

4.1.1. Shot of the talent adding the reagents to the flask to prepare the stock solution.
4.1.2. TEXT ON A PLAIN BACKGROUND
-     Weigh 10 mg quercetin (balance precision: 0.1 mg).
· Dissolve in ~5 mL of 95% ethanol.
· Transfer to a 10 mL volumetric flask.
· Rinse beaker twice with 2 mL of 95% ethanol; add rinses.
· Make up to volume with 60% ethanol and mix.
4.1.3. Talent dispensing appropriate volume of stock solution into labeled 1.5 mL tubes.
4.1.4. Talent making up the volume in each tube to 1 mL volume using 80% methanol. 

4.2. Dispense 60 microliters of blank, sample, or standard into each microplate well as per the layout [1]. Prepare 3 replicates for each sample or standard [2].

4.2.1. Talent dispensing 60 microliters of blank, sample, or standard into the microplate wells. Video editor: Please add LAB MEDIA - Figure 1(b) as an inset
4.2.2. Shot of the microplate showing triplicate loading for each sample and standard.

4.3. Keep aqueous solutions of 2 percent aluminum chloride, 5 percent sodium acetate and 80 percent methanol ready in separate reagent reservoirs [1]. Use an 8-channel pipette to add 10 microliters of aluminum chloride solution, 10 microliters of sodium acetate solution, and 200 microliters of 80 percent methanol to each well [2].

4.3.1. Shot of the reagents kept in separate reagent reservoirs. 
Authors: Please ensure that the reagent reservoirs are clearly labeled and that the labels are visible in the video.

4.3.2. Shot of the talent using an 8-channel pipette to add 10 microliters of aluminum chloride solution, 10 microliters of sodium acetate solution, and 200 microliters of 80 percent methanol into each well.

4.4. Shake the plate at intermediate intensity for 10 seconds and incubate it in the dark for 30 minutes [1]. If shaking is unavailable, mix the wells manually with a micropipette before incubation [2]. 
	Comment by Deepthi Das: Authors: Please clarify whether you will be placing the microplate on a shaker or will be mixing it by pipetting.
4.4.1. Talent placing the microplate on a shaker and then transferring it for dark incubation.
4.4.2. Talent mixing the wells manually with a micropipette.

4.5. Measure absorbance at 415 nanometers [1]. Interpolate the sample absorbance values from the calibration curve and apply dilution, volumetric, and mass correction factors as needed [2].

4.5.1. Talent placing the microplate into a reader for absorbance measurement at 415 nanometers.
4.5.2. SCREEN: Show the absorbance data and the calibration curve used to interpolate sample values.

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=21396103

5. Gallic Acid Standard Preparation and Total Phenolic Assay

5.1. Prepare gallic acid stock, working, and calibration standard solutions in distilled water [1] using the reagents as presented [2]. 

5.1.1. Shot of the talent adding reagents in clearly labeled tubes or flasks.
5.1.2. TEXT ON A PLAIN BACKGROUND:
Stock solution:
-        Weigh ~0.0123 g gallic acid (98% pure)
· Dissolve; make up to 10 mL 
Working  solution:
·    Dilute 1 mL stock to 10 mL 
Calibration standards (µg/mL gallic acid):  
-         0 (blank), 24, 48, 72, 96, 120

5.2. Prepare the Folin - Ciocalteu working reagent by diluting the commercial reagent 1 to 14 with distilled water [1]. Pipette 30 microliters of each sample, standard, or blank into a 96-well plate according to the layout, ensuring 3 replicates per sample [2]. Use a multichannel pipette to add 215 microliters of Folin–Ciocalteu working reagent to each well [3].

5.2.1. Talent diluting the commercial Folin–Ciocalteu reagent with distilled water.
5.2.2. Shot of the talent loading 30 µL of each sample, standard, or blank into the 96-well microplate. Video editor: Please add LAB MEDIA - Figure 3(a) as an inset.
5.2.3. Talent adding Folin–Ciocalteu working reagent to each well with a multichannel pipette.

5.3. Add 50 microliters of 20 percent sodium carbonate solution to each well and mix thoroughly using a micropipette [1]. After incubation at 40 °C for 20 min with agitation, use a plate reader to measure the absorbance at 755 nanometers [2].

5.3.1. Talent adding 50 µL of 20 % sodium carbonate solution to each well and mixing with a micropipette. 
5.3.2. Talent placing the microplate into a reader for absorbance measurement at 755 nanometers.


6. Standard Preparation and High-Performance TLC Analysis


6.1. For standard curves, prepare stock solutions of quercetin and gallic acid at 100 micrograms per milliliter [1]. Apply gallic acid to 6 lanes at volumes of 2, 4, 6, 8, 10, and 12 microliters [2]. Apply 5 microliters of gallic acid and 5 microliters of quercetin individually to separate lanes for identification [3].

6.1.1. Shot of the clearly labelled quercetin and gallic acid stock solutions. 
6.1.2. Talent applying gallic acid to 6 lanes at the specified volumes.
6.1.3. Talent applying gallic acid and quercetin individually to separate lanes.

6.2. For thin layer chromatography or TLC (T-L-C), use a 10 by 20 centimeter silica gel 60 F₂₅₄ (sixty F two fifty-four) aluminum-backed TLC plate as the stationary phase [1]. Set the application parameters to a Y position of 7.0 millimeters, a band length of 6.0 millimeters, a first X position of 14.0 millimeters, and a distance between tracks of 9.4 millimeters [2]. Apply 10 microliters of each extract per band using nitrogen as the spraying gas [3]. Set the solvent front distance to 70 millimeters [4] 

6.2.1. Shot of the silica gel 60 F254 aluminum-backed thin-layer chromatography plate. 
6.2.2. SCREEN: Display the application parameter settings with Y position 7.0 millimeters, band length 6.0 millimeters, first X position 14.0 millimeters, and distance between tracks 9.4 millimeters.
6.2.3. SCREEN: 10 microliters of each extract is being applied per band using nitrogen as the spraying gas. 
6.2.4. SCREEN: The solvent front distance is being set at 70 millimeters.

6.3. Keep the solutions for the mobile phases ready [1] as shown [2]. Develop the plate in a manual chamber containing 40 milliliters of the appropriate mobile phase [3]. Saturate the chamber for 10 minutes with filter paper in contact with the mobile phase and the wall of the chamber [4].

6.3.1. Talent keeping the solutions for the mobile phases ready
6.3.2. TEXT ON A PLAIN BACKGROUND: 
Mobile phase 1 (MP1):
Ethyl acetate: formic acid: acetic acid: water - 100:11:11:26

Mobile phase 2 (MP2):
Toluene: ethyl acetate: formic acid - 5:4:1  

6.3.3. Talent placing the thin-layer chromatography plate into a manual chamber containing 40 milliliters of mobile phase. 
6.3.4. Talent placing filter paper in contact with the mobile phase and the chamber wall for saturation.

7. TLC Plate Development

7.1. Apply the samples in triplicate lanes together with the gallic acid and quercetin reference lanes for identification [1]. Develop the plate using MP1 [2]. Develop the plate again using MP2 [3].

7.1.1. Talent applying samples in triplicate lanes together with the reference lanes.
7.1.2. Talent placing the plate into the chamber for development with MP1.
7.1.3. Talent placing the plate into the chamber for development with MP2. 

7.2. After derivatizing the plate with Folin–Ciocalteu reagent, photo-document the plate under white light and ultraviolet illumination at 254 and 366 nanometers [1]. Use a separate TLC plate to repeat the procedure and derivatize it with aluminum chloride and photo-document it as demonstrated previously [2].

7.2.1. Talent photo-documenting the plate under white illumination and under 254 nanometer and 366 nanometer ultraviolet illumination.
7.2.2. Talent repeating the procedure. 



Results
8. Results 
8.1. After aluminum chloride derivatization, the lime extract showed 2 bands at Rf 0.46 [1] and Rf 0.62 [2], while no corresponding bands were detected in mandarin [3]. 

8.1.1. LAB MEDIA: Figure 5. Video editor: Highlight the band in the lime lane under “AlCl₃-366” at Rf 0.46 (a little below 0.5)
8.1.2. LAB MEDIA: Figure 5. Video editor: Highlight the band in the lime lane under “AlCl₃-366” at Rf 0.62 (a little above 0.6) 
8.1.3. LAB MEDIA: Figure 5. Video editor: Show the mandarin lane under “AlCl₃-366” and indicate absence of bands at the above-mentioned positions

8.2. The more polar mobile phase 1 provided superior separation of phenolic constituents compared to mobile phase 2 [1], while the less polar mobile phase 2 enabled the simultaneous retention of both sample components and reference standards within the same chromatographic run [2].

8.2.1. LAB MEDIA: Figure 6A. Video editor: Show panel A and emphasize that the bands are well spread out across the plate.
8.2.2. LAB MEDIA: Figure 6B. Video editor: Show panel B and highlight that lime, mandarin, gallic acid, and quercetin tracks are all present together on the  plate.

8.3. In both lime and mandarin extracts, 2 distinct bands were observed [1] in addition to a band remaining at the origin [2], and a yellow band with a retention factor value of 0.14 became clearly visible after aluminum chloride derivatization [3].

8.3.1. LAB MEDIA: Figure 6. Video editor: Highlight the 2 separate visible bands in the lime and mandarin tracks.
8.3.2. LAB MEDIA: Figure 6. Video editor: Zoom in on the bottom of the lime and mandarin tracks to show the band that stayed at the origin.
8.3.3. LAB MEDIA: Figure 6. Video editor: Highlight the yellow band near the 0.14 mark after aluminum chloride treatment.
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