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Disclaimer

DISCLAIMER – FOR INFORMATIONAL PURPOSES ONLY; USE AT YOUR OWN RISK

The protocol content here is for informational purposes only and does not constitute legal, medical, clinical,

or safety advice, or otherwise; content added to protocols.io is not peer reviewed and may not have

undergone a formal approval of any kind. Information presented in this protocol should not substitute for

independent professional judgment, advice, diagnosis, or treatment. Any action you take or refrain from

taking using or relying upon the information presented here is strictly at your own risk. You agree that

neither the Company nor any of the authors, contributors, administrators, or anyone else associated with 

protocols.io, can be held responsible for your use of the information contained in or linked to this protocol

or any of our Sites/Apps and Services.

Abstract

This protocol describes a step-by-step guide for sampling Volatile Organic Compounds (VOCs) from the

headspace of bacterial cultures, using dynamic headspace collections.

Guidelines

Sterile conditions are required throughout. 
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Materials

Lysogeny Broth (LB) (Sigma-Aldrich)

Lysogeny Agar (Sigma-Aldrich)

Ringer's Solution (Sigma-Aldrich)

Falcon tubes (50 mL)

Inoculating loops 

Petri dishes (9 cm diam.)

Glass pipettes (10 mL)

Pipette controller

Gilson's micropipette

Glass Pasteur pipette (150 mm)(Thermo Fisher Scientific) 

Pipette Bulb Dropper Teat Red Latex 1 mL Capacity (Thermo Fisher Scientific)

Glass chambers (10 cm height × 12 cm diam.)

Metal plates (12cm diam.)

Filter paper (12.5 cm) (Whatman)

Porapak tubes (50 mg Porapak)

Brass fittings

Ferrules

Air entrainment kit

Macherey Nagel Screw Caps (8 mm)(Esslab)

Rubber septa (8 mm, Silicone/Red PTFE) (Kinesis Scientific Experts)

Pointed glass vials (1.1 mL Thermo Fisher Scientific) 

Glass syringe

Solvents: 

Acetone (99%) (Thermo Fisher Scientific)

Redistilled diethyl ether (99.5%) (Thermo Fisher Scientific) 

Before start

Ensure appropriate risk assessments have been completed and follow any local guidelines that apply. 
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Materials to autoclave before experiment

1 Prepare 400 mL of LB broth (25 g per litre). 

2 Prepare 500 mL of Ringer's solution, by placing one tablet of Ringer's solution into 500

mL distilled water.

3 Prepare 400 mL of LB agar (37 g per litre).

4 100 µL Pipette tips.

5 Autoclave items.

Preparing overnight cultures of bacteria

6 Transfer 10 mL of autoclaved LB into two 50 mL falcon tubes.

6.1 While we use LB as the primary medium, other media can also be utilized as needed for

the protocol.

7 Using a sterile inoculating loop, pick a single colony from a bacterial culture inoculated

onto a Petri dish.

8 Inoculate one falcon tube with the single colony, and leave the other falcon tube

containing LB broth alone, as an uninoculated control.

9 Place both falcon tubes in a shaking incubator (23˚C/170 rpm) for ~16 hours. 

Culturing bacteria prior to headspace collections

10 Pour the autoclaved LB agar onto the required number of Petri dishes and leave to dry,

until the agar has solidified.
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11 After ~16 hours, remove the falcon tubes used in step 9 from the shaking incubator and

assess the bacterial growth by visually comparing the bacterial culture to the LB control

tube. The bacterial culture should be more cloudy in appearance compared to the LB

control tube.

12 Centrifuge the bacterial culture into a pellet at 3000 rpm for 10 minutes. 

13 Discard the supernatant after centrifugation. 

14 Transfer 10 mL of Ringer's solution into the falcon tube containing the bacterial pellet.

15 Mix the solution using a plastic pipette (10 mL) attached to a pipette controller. 

16 Repeat steps 12-15 twice more, to wash bacterial cells.

17 Measure the Optical Density (OD) of the bacterial culture in the Ringer's solution using a

spectrophotometer, using Ringer's solution alone as a reference blank. 

18 Dilute the bacterial culture with Ringer's solution, to reach the required optical density

(OD=0.1). 

18.1 Equation for working out dilution volume:

Concentration (start) x Volume (start) = Concentration (final) x Volume(final)

19 Apply 70 µL (Garbeva, 2014) of the diluted bacterial culture, at the desired Optical

Density, to a fresh agar plate. 

20 Spread the diluted bacterial culture across the entire plate using a sterile inoculating

loop.

21 Repeat steps 19-20 for the required number of bacterial isolates/replicates, leaving one

agar plate without any inoculum as an uninoculated control.
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22 Incubate the Petri dishes in total darkness (48 h at 28˚C). 

Conditioning glass chambers and metal plates prior to headspace collections

23 Wash the glass chamber (10 cm height × 12 cm diam.) and glass fittings using Teepol

detergent and distilled water. 

24 Rinse the detergent off the glass chamber using distilled water. 

25 Wash the glass chamber using 100% acetone.

26 Rinse the glass chamber using distilled water.

27 Repeat steps 23-26 for the metal plates. 

28 Leave the glass chambers and metal plates in a modified heating oven at 150˚C for a

minimum of 2 hours.

29 Remove the glass chamber and metal plates from the oven using heat resistant gloves

and allow to cool, prior to the headspace collections. 

1h 30m
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Components needed for headspace collection of bacterial volatiles: glass chamber, glass
fittings, metal plate.

Conditioning activated charcoal prior to headspace collections

30 Attach the charcoal filter tube to a supply of constant flow of purified nitrogen, using

brass fittings, and turn nitrogen supply on. Ensure the nitrogen flow is in the opposite

direction to the arrow on the charcoal filter. 

Charcoal filter attached to nitrogen supply.

31 Check for a flow of nitrogen by attaching a Teflon tube to the end of the filter, and

placing the end of the tubing into a vial of diethyl ether, and assess for bubbles.

protocols.io | https://dx.doi.org/10.17504/protocols.io.kqdg3q4eev25/v1 December 4, 2024 7/15

https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.kqdg3q4eev25/v1


32 Place the charcoal filter into a modified heating oven at 170˚C for a minimum of 2 hours. 

Modified heating oven containing charcoal filter tube, under a constant stream of
nitrogen. 

33 After 2 hours, remove the charcoal filter from the oven using heat resistant gloves and

allow to cool. Keep the nitrogen flow on whilst the charcoal filter is cooling.

34 Once the charcoal filters have cooled, turn off the nitrogen supply and attach the

charcoal filter back onto the air entrainment kit. 

1h 30m
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Schematic overview an air entrainment kit.

Conditioning Porapak tubes prior to headspace collections

35 Porapak tubes contain 50 mg of Porapak Q polymer (mesh size 50/80) within a glass

tube, held between two plugs of silanised wool. 
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Porapak tube containing silanised glass wool and 50 mg of Porapak Q polymer.

36 In a fume hood, clamp the Porapak tubes so they are suspended. 

Porapak tubes suspended in a fume hood. 

37 Using a glass Pasteur pipette, take up 2 mL of redistilled diethyl ether and pass through

the Porapak tubes.

38 Attach the Porapak tubes to a supply of nitrogen, using brass fittings, and turn the

nitrogen supply on. 
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Porapak tube attached to nitrogen supply.

39 Check for a flow of nitrogen by placing the end of the Porapak tube into a vial of diethyl

ether and assess for bubbles.

40 Place the Porapak tubes into a modified heating block at 132˚C for a minimum of 2 hours.

Modified heating block containing a Porapak tube, under a constant stream of nitrogen.

2h
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41 After 2 hours, remove the Porapak tubes from the heating block using heat resistant

gloves and allow the Porapak tubes to cool. Keep nitrogen flow on whilst the tubes are

cooling. 

42 If using newly made Porapak tubes, repeat steps 36-41 twice more (three conditioning

rounds in total) to remove any contaminants on the Porapak. 

Setting up headspace collections 20h

43 Place a filter paper disc (12.5 cm) on top of one of the metal plates. 

44 Place one of the agar plates containing the bacteria on top of the filter paper. 

45 Place the glass chamber on top of the agar plate.

46 Attach the glass chamber to the metal plate using bulldog clips. 

47 Attach a smaller ferrule and a red screw cap to the inlet at the side of the glass chamber.

48 Insert the tube from air entrainment kit through the inlet into the glass chamber.

49 Attach a larger ferrule and red screw cap to the outlet at the top of the glass chamber,

and insert a conditioned Porapak tube. 

50 Attach to the air entrainment kit using brass fittings. 
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Set-up for the collection of VOCs from the headspace of bacteria.

51 Repeat steps 43-50 for the required number of treatments/replicates (minimum of four

replicates per treatment, and include an uninoculated growth media control for each

round of sampling). 

52 Turn on the air entrainment kits.

53 Set the flow of inlet air to 600 mL min-1 and outlet air to 500 mL min-1, ensuring a

positive pressure within the system.

54 Leave in darkness for 20 hours. 20h
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Elution of volatiles following headspace collections

55 After 20 hours, turn off the air entrainment kits.

56 Remove the Porapak tubes from each glass chamber.

57 In a fume hood, clamp the Porapak tubes so they are suspended. 

58 Place a labelled 1.1 mL pointed GC vial beneath each Porapak tube. Ensure that the

Porapak tube for a given treatment/replicate is matched with the correctly labelled GC

vial.

Porapak tubes suspended over GC vials in a fume hood.

59 Take up 750 µL of redistilled diethyl ether using a glass syringe and pass through the

Porapak tubes. 
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60 Allow the ether to flow through the Porapak tube into the GC vial.

61 Place the rubber septa and the screw cap onto the GC vial, ensuring the red side of the

septa is pointing downwards, and the white side of the septa is pointing upwards.

62 Store the GC vials at -20˚C for further analysis.
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