
CBD Detailed Procedure for Root Extractions 
 
Materials 

50 ml Falcon tubes (Number of roots being run+2)*6+2, ie if 7 roots are being run 
then you need 56 tubes 

30 ml centrifuge tubes 
(Nalgene) 

Number of roots being run +2, if 7 roots then need 9, make sure 
rubber stoppers are in the caps (these cannot be acid washed, 
but soap and water is sufficient) 

Thermometers 2 
Large test tube rack 1, usually a rack that holds 25 tubes is sufficient 
Hot Water bath 1 
Heat retention balls for 
water bath 

Enough to cover the surface in the bath 

Dithionite (Number of roots being run+2)*3 packets of .6 grams, for 7 roots 
this would mean 27 packets of .6 grams of dithionite 

Tupperware container 1, For holding the dithionite packets, larger square containers 
Tupperware container 1, For holding the empty dithionite packets after use, smaller 

circular containers  
Sodium Bicarbonate 
(84.0049 g/mol) 

2.436 g, needs to be a 1.0 M conc, used a small Nalgene container 
that had a measured volume of 29 mL up to a sharpie drawn line. 

Citrate (294.124 g/mol) 42.792 g, needs .3 M conc, used a large Nalgene that held a 
measured volume of 485 mL up to a sharpie drawn line 

Small Nalgene 
container (marked as 
30 mL) 

For the Sodium Bicarbonate 

Large Nalgene 
container (marked as 
500 mL) 

For the Citrate 

Plastic spatulas 3+number of root samples*4, for 7 roots that is 31 
Plastic weighing trays 3 
Centrifuge Needs to be balanced, may need a few water balances added to 

ensure this, 4150 rpm, 40 min, 4 degrees C 
Water bottle top 
dispenser 

1, needs to be able to dispense 25 mL 

1 L glass bottle 1, to fit dispenser on  
Tumbler 60 rpm for 30 min 
5 mL pipette tips (Number of roots being run+2)*7, for 7 roots that’s 63 tips  

*This is a maximum; you can get away with much less if tips are 
reused as described as an option in the procedure 

1 mL pipette tips (Number of roots being run+2)*3, for 7 roots 27 tips 
5 mL pipette 1, usually the rainin <2% acid 
1 mL pipette 1 



Trays that hold 25 50 ml 
falcon tubes 

3 

Syringe Filters  (Number of root samples being run+2)*2, for 7 that’s 18 
Plastic syringes, both 
pieces, plunger and 
tube 

Number of root samples being run+2 

Large blue hinged 
container 

1, For drying the roots 

Large blue hinged 
container lid 

1, For placing the syringes on in between uses, and then to be 
flipped placed imperfectly on the drying roots, the wet side 
should be up 

Stock Nitric acid UTM 
grade 

500 ul*3*(number of root samples being run + 2), about 15 mL for 
7 roots. 

*Bolded Items need to be acid clean (Zn free) 
 
Procedure: 
There are two aspects to this extraction, the set up and the actual extraction. I will describe the 
parts of the set up that are unique to this procedure, not standard lab practices ie how to acid 
clean items. The extraction will be gone over in complete detail. There is a video to accompany 
the extraction procedure in case more elaboration is needed.  
 
In addition, this procedure is for root samples weighing .5g or less. If the root weighs more, cut 
it into pieces that are lighter than .5g. 
 
Set up 
This section will take around 8-10 hours, can be done over multiple days, the order of steps is 
not essential 

1. Acid wash all of the bolded materials in the material list. Use the standard procedure for 
Zn free materials. The pipette tips and water bottle dispenser have modified wash 
procedures that need to be consulted for their washing.  

2. Sodium Bicarbonate preparation: Found in the chemical cabinet, use a plastic spatula to 
weigh out 2.436 grams of sodium bicarbonate onto a plastic weigh tray. The less 
accurate scale is alright to use for this. Dump this into the 30 mL Nalgene container. Fill 
with milli Q water until it hits the pre-marked line that represents 29 mL*. This is a very 
concentrated sample so tighten the Nalgene container shut and let it tumble at 60 rpm 
overnight. If this is not done it might not dissolve. Store solution this in the fume hood. 
It should be noted if you are running more than 7 roots you will need more than 29 mL 
so it this will change the amount weighed out, water added, and type of container used.  

a. Video (3:22-5:40) 
3. Citrate preparation: Found in the chemical cabinet, use a plastic spatula to weigh out 

42.792 grams of sodium bicarbonate onto a plastic weigh tray. The less accurate scale is 
alright to use for this. Dump this into the 500 mL Nalgene container. Fill with milli Q 
water until it hits the pre-marked line that represents 485 mL*. Tighten the Nalgene 



container and shake it for about a minute. Hold the container up to the light and ensure 
that all of the Citrate has dissolved. Store this solution in the fume hood. 

4. Dithionite preparation:  
*Note: This compoung is hazardous. See SDS before use and wear appropriate PPE 
including use gloves, lab coat, safty goggles and a mask to cover your mouth. 
Found in the dangerous chemical’s container. Handle with extreme caution. For each 
sample (including the blanks) 3 packets of .6 grams of dithionite are needed. For each 
packet use a plastic spatula to pour onto pre-folded weigh paper resting on a plastic 
weighing tray. The less accurate scale is alright for this too. The weight can be .6 g +/- 
.005. There are four folds made, to basically fully enclose the dithionite and ease the 
transfer of it. These folds can be seen in the video. Store the packets in a larger square 
Tupperware. 

a. Video (7:14-8:47) 
5. Pre label all the tubes, and syringes (both the tube and the plunger separately so they 

can be reused). Including blanks, there should be a syringe and plunger for each sample 
that are labeled. Including blanks there should be 6 tubes for each sample. This is 
because for each root there is the extraction phase and then two separate washing 
phases. Furthermore, after centrifuging the sample needs to be syringe filtered into a 
new tube. There should be three per sample that are just identification labels for 
yourself and then three per sample that are more detailed final sample labels for further 
processing after this procedure.  

*To pre-mark these Nalgene containers use an acid clean graduate cylinder to fill with a 
specific volume of milli Q water. Once that volume is reached mark the outside of the 
container with a sharpie. Dump the water when done.    

 
Extraction 
This section will take 5-7 hours, has to be done in 1 day, the order of these steps is essential.  

1. Clear out space in the fume hood, at least enough space for the hot water bath.  
2. Remove the hot water bath from the cabinet. Put the test tube rack into the empty 

bath. Fill it with distilled water (does not have to be milli Q but should be higher quality 
than just from the sink). Fill water until it is slightly higher than 3/4 the height of the 
rack. Then add the heat retention balls until the surface of the bath is coated.  

3. Move the full bath to the fume hood. This is heavy and may require two people. Plug 
the bath in and turn the temperature to heat up to 86.5 degrees C.  

4. While the bath is heating up the preparation of the roots can begin. First move the roots 
from their initial tubes into the 30 mL Nalgene tubes labeled for each respective root. 
There should be two extra tubes for blanks.  

5. In the fume hood, bring the tubes filled with roots and the two blanks. Use the zn free 5 
mL pipette tips and the <2% 5 mL rainin pipette to put 24 mL of Citrate into each of the 
Nalgene tubes (including the blanks). This should be done by putting 4 mL of citrate 6 
times into each tube. This is where pipette tips may be able to be reused. For each of 
the 6 additions of Citrate into the tube if the edge of the tube is not touched then this 
tip can be reused for a subsequent addition.  

a. Video (1:20-2:14) 



6. Next use the zn free tips and pipette to put 3 ml of Sodium bicarbonate into each tube 
(including the blanks). There should now be a total of 27 mL of liquid in each container. 
Screw on the tops, and then loosen a bit.  

a.  Video (2:14-3:19) 
7. Take two empty and unlabeled falcon tubes and fill with approximately 27 mL of milli Q 

water, put thermometers in these and bring to the fume hood.  
a. Video (5:45-6:11) 

8. Place all of the Nalgene tubes and the falcon tubes with water and thermometers into 
the water bath. Make sure the thermometer falcon tubes end up on opposite corners. 
Make the Nalgene tubes are approximately symmetrical in a star pattern in the bath.  

a. Video (6:11-6:27) 
9. Check the temperature of the thermometers and wait until the one reading a cooler 

temperature heats to 75 degrees C. Once this happens turn the bath down to 84.5 
degrees C.  

10. Wait until the bath reaches 76 degrees in the cooler thermometer and once this occurs 
bring the Tupperware with the dithionite and the smaller empty Tupperware to the bath 
along with a tray to hold falcon tubes.   

11. Remove a Nalgene tube from the bath, I tend to go left to right starting on the bottom 
so the bottom left tube, and start a timer for 5 minutes.  

a. Video (6:27-7:10) 
12. Once this starts, unscrew the top and carefully unfold the packet of dithionite, slide this 

dithionite into the tube. Screw the cap back on, and swirl and shake the tube. Unscrew 
the cap slightly and place back in the bath.  

a. Video (8:51-9:21) 
13. Remove the next tube letting the timer continue to count down. Repeat the previous 

step on all the remaining tubes (including the blanks). Ideally it will reach 0 by the time 
all the tubes are finished. If not this is not the end of the world. The timer is meant to 
keep the additions consistent.   

a. Video (9:21-9:55) 
14. There are two more additions of dithionite to each tube that must be completed. 

Repeat steps 11-13 two more times.  
15. Once this has been done, remove all of the Nalgene tubes from the bath and turn it off. 

Make sure the caps are screwed on and take the tubes to the tumbler. Put these on the 
tumbler for 30 minutes at 60 rpm.  

a. Video (9:55-10:36) 
16. Remove the hot water bath from the fume hood and place it by the sink.  

i. This is a good time to take lunch, if everything is set up and labeled 
already 

17. Once done in the tumbler decant the Nalgene tube liquid into the respective pre-labeled 
falcon tubes. 

a. Video (10:36-11:08) 
18. Then fill the manual dispenser with 500 mL of milli Q water. Using the dispenser 

carefully dispense 25 mL of water into each Nalgene tube (including the blanks). Make 
sure that the first two dispenses are done an empty falcon tube (can reuse the falcon 



tubes that were used for the thermometers). When dispensing place your thumb under 
the marker of the dispenser. Slowly slide up to the top and when resistance is firm stop. 
If not, the marker can get jostled and more water then wanted can be dispensed into 
the tubes.  

a. Video (11:08-12:01) 
19. Put the Nalgene tubes on the tumbler for 30 minutes at 60 rpm.  

a. Video (12:01-12:18) 
20. Take the falcon tubes from step 17 up to the centrifuge in More hall. Make sure it is 

balanced, may need to add 1-3 water balance tubes with about 25 mL of sink water. Run 
the centrifuge at 4150 rpm for 40 min at 4 degrees C.  

a. Video (12:30-13:41) 
i. This is the second and last possible time to take lunch.   

21. The Nalgene tubes will get done first. Take these from the tumbler and repeat steps 17-
19. 

a. Video (13:41-14:58) 
22. Take the falcon tubes that have been newly decanted into up to More hall. Replace the 

tubes once the others have finished in the centrifuge. Put the new ones in at the same 
setting.  

a. Video (14:58-15:16) 
23. Take the older tubes into the fume hood. Take the syringes and plungers into the hood 

as well. Add syringe filters to the tubes once, decant the centrifuged tubes into the 
syringe body. Hold the syringe over an empty but labeled falcon tube and begin to slide 
the plunger down. Apply pressure until all the liquid is drained and the plunger hits the 
bottom of the syringe body. Do this to all the respective tubes including the blanks.  

a. Video (15:16-17:50) 
24. Whenever the 30 minutes ends for the tumbler, stop it, even if it is in the middle of the 

filtration step (step 23). Once finished step 23 begin to decant all of the Nalgene tubes 
into the prelabled falcon tubes.  

25. Repeat step 22-23. The same syringes can be used, ensuring the bodies and plungers are 
labeled correcting for their corresponding sample.  

26. Return to the centrifuge and wait for it to finish.  
27. Take the tubes from the centrifuge and return to Wilcox. Repeat step 23 for the final 

time.  
28. Finally, all of the tubes with filtered liquid in them (there should be 27 if this was done 

with 7 root samples and 2 blanks for example) need to be acidified. To do this, add 
about 500 uL of stock nitric acid at UTM grade to each tube. The attempt is to acidfy 
them to 2%, so unless there have been spills along the way, there should be about 25 
mL of liquid in each tube. Confirm this using the markings on the outside. If one is 
substantially less than 25 mL acidify it to 2% by adding 2% of its volume worth of nitric 
acid.  

a. Video (17:50-18:47) 
29. Take the roots from their Nalgene tubes, using two plastic spatulas and place them in 

the large plastic container to dry. Take the top that the syringes have been resting on 



and place it over the tray. Ensure that the wet part faces up and does not drip onto the 
drying roots.  

a. Video (18:47-20:36) 
30. The procedure has been completed and the clean-up process can begin. 

 


