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GC/MS Analysis of Vanillin and Ethyl Vanillin in Distilled Spirits 
 

Scope and Application 
 

This method will determine the level of vanillin and ethyl vanillin in distilled spirits using a 
GC/MS instrument after a liquid-liquid extraction of the samples with methylene chloride.  
 
[Note: this method does not distinguish between artificial and natural vanillin. If an 
alcoholic beverage contains vanillin derived from a natural source, there is no labeling 
requirement. The mandatory labeling disclosing artificial flavoring applies to beverages 
containing artificial vanillin above 40 ppm].  
 
Regulatory Tolerances:   
 
Addition of flavors may change the class and type of a distilled spirits product (27 CFR 
5.22 and 5.35). The presence of artificial flavoring materials must be indicated on the 
label (27 CFR 5.39). If the “total as vanillin” content (see Reporting Results section) 
exceeds 40 ppm, the finished alcohol beverage will be viewed as containing artificial 
flavor and appropriate labeling will be required.  
 

There is no labeling requirement for alcoholic beverages that contain vanillin derived 
from natural sources.   

 

Levels and Limitations  
  

Standard solutions of ethyl vanillin and vanillin must be prepared at 40% alcohol by 
volume (ABV). This method is applicable for samples with alcohol content between 5 to 
60% by volume. The method is applicable for vanillin concentrations ranging from 1 ppm 
to 50 ppm.  

 
Analyte Detection Limit Quantitation Limit Linear Range Interferences 

Vanillin 0.06 ppm 0.5 ppm 1-50 ppm None 

Ethyl vanillin 0.03 ppm 0.5 ppm 1-50 ppm None 
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Equipment 
 
 Instrumentation and Equipment: 

- GC/MS:  Agilent 6890 Gas chromatograph interfaced with a 5973 Mass Selective 
Detector or equivalent system. 

- Shaker:  model S-500, “Shaker-in-the-Round”, Kraft Apparatus; or a Glas-Col 
multi-pulse vortexer; or equivalent. 

- Centrifuge:  Eppendorf model 5702, or equivalent 
 
Glassware and Supplies: 

- Class A pipets and volumetric flask 
- 9’ Pasteur pipets 
- Amber glass bottles for standard solution storage 
- Pipettors and tips: 5000 µL, 1000 µL, 10-100 µL, 10-200 µL 
- Glass test tubes with Teflon resin-lined caps, volume at least 20 mL 
- For crème liqueurs: Nalgene Oak Ridge Teflon FEP tubes with round bottoms,
 50mL (Fisher Catalog number 05-562-16B), or equivalent 
- 5 or 10 µL syringes 
- Agilent GC liners (Agilent part number 5183-4712), or equivalent 
- 2 mL autosampler vials with Teflon-lined septa 
- 100 µL vial inserts for 2 mL vials (Agilent part number 5181-1270), or equivalent 

 
GC/MS Instrument Parameters: 

- Column:  Innowax 30m x 0.25mm x 0.25µm film thickness, or equivalent. 
- Oven:  50°C for 1 min, 20°C/min to 260°C, hold for 5 min.  Total time 16.50 min, 

post run 5 min at 265°C. 
- Mode:  Constant Flow at 1 ml/min. 
- Inlet:  Splitless at 250 ºC;  Purge inlet after 1 min; carrier gas, Helium 
- Injector:  Injection volume, 1 μL; syringe size, 5 μL; sample wash,2; sample 

pumps, 2; pre wash solvent A and B (methylene chloride), 2; post wash solvent A 
and B, 2; plunger speed, fast 

- MSD:  Solvent delay, at leat 3.75 min;  mode, sim and scan 
- SIM mode ions:  dwell time set at 50 for each ion 
 81, 137, 138 for ethyl vanillin at retention time (RT) 11.64 min;    
 151, 152, and 166 for vanillin at RT 11.84 min; and  
 149, 164, and 121 for the IS at RT 10.92 min 
 [Note:  These RTs may vary if the column has been clipped] 
- Scan confirmation:  50 to 250 amu 
 

 
Reagent and Sample Preparation and Handling 
 

Reagents: (Specific vendors and product numbers are listed for convenience.   
                   Equivalent products may be used.) 
 

1. Deionized (DI) water, 18 megaohm or better 
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2. Ethyl Alcohol, (CAS # 64-17-5, 200 proof, Pharmo, Connecticut, USA)  
3. Ethyl Vanillin, 3-Ethoxy-4-hydroxybenzaldehyde, (CAS # 121-32-4; Sigma 

Aldrich, 98% purity, product #128090) 
4. Vanillin, 4-Hydroxy-3-methoxybenzaldehyde, (CAS # 121-33-5; Sigma-

Aldrich; purity 99%, product # V1104) 
5. Methylene Chloride, Dichloromethane, (CAS # 75-09-2; Fisher Scientific, 

Optima grade, product # D151-4) 
6. Saturated Sodium Chloride (approximately 35 grams of NaCl into 100 mL of 

DI water, at room temperature) 
7. 3’,4’-(Methylenedioxy)acetophenone (CAS # 3162-29-6; Sigma-Aldrich, 98% 

purity, product # 27481) used as an internal standard (This compound will be 
referred in this paper as the internal standard and abbreviated as IS.)  

 
Preparation of Stock, Intermediate, and Working Standards: 
 

1. Stock Standards-1000 ppm solution of vanillin and ethyl vanillin in 40% 
ethanol solution and a 1000 ppm solution of internal standard in 40% ethanol. 

 
a. Weigh 0.1000 (± 0.0005) g of vanillin and ethyl vanillin into a 100 

mL volumetric. (Note: Account for purity if compound is less than 
98% pure) 

b. Weigh 0.1000 (± 0.0005) g of internal standard into a 100 mL 
volumetric flask. (Note: Account for purity if compound is less 
than 98% pure) 

c. Bring each stock to volume with a 40% ethanol/water solution.  
 

The shelf life of these 2 stock solutions in 1 year; they should be in amber bottles 
in a refrigerator (set a maximum of 20 ˚C) 

 
 

2. Working standards- Prepare 1, 10, and 50 ppm standards in a 40% ethanol 
solution. 

a. Prepare the 50 ppm standard by pipetting 5.0 mL of the stock 
standard into a 100 mL volumetric flask and bring to volume with 
a 40% ethanol solution. 

b. Prepare the 10 ppm standard by pipetting 1.0 mL of the stock 
standard into a 100 mL volumetric flask and bring to volume with 
a 40% ethanol solution. 

c. Prepare the 1 ppm standard by pipetting 0.1 mL of the stock 
standard into a 100 mL volumetric flask and quantitate to volume 
with a 40% ethanol solution. 

 
The shelf life of the working standards is six months; they should be stored in 
amber bottles in a refrigerator (set at a maximum of 20ºC).   
 

Preparation of Laboratory Control Sample (LCS): 
 

The LCS sample is prepared by spiking a non-flavored vodka at the 40 ppm 
level.  To prepare the LCS, pipet 8.0 mL of the vanillin and ethyl vanillin stock 
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standard into a 200mL volumetric flask and bring to volume with a non flavored 
vodka.  Transfer the LCS to an amber glass storage vial and store in the 
refrigerator for up to 6 months. 
 
Note:  The LCS may be combined with the coumarin, asarone, and Thujone LCS 
in method SSD:TM:203. 
 
 

Extraction of Standards and Samples (except crème liqueurs): 
 

Extract standard solutions and unknown samples with the following procedure: 
1. Pipet 5 mL of standard or sample into test tubes. [Note: Teflon resin-lined top 

caps are recommended, this avoids phthalates from being extracted]. A 5 mL 
autopipet can be used.  

2. Pipet 5 mL of saturated sodium chloride solution into each test tube. A 5 mL 
autopipet can be used.  

3. For all samples and standards, pipet 50 µL of internal standard stock solution 
into each tube. 

4. Pipet 5 mL of methylene chloride into each test tube using a glass pipet.  
5. Cap test tube and extract solutions in shaker for 10 min. 
6. Allow layers to separate, the organic layer will be the bottom one [Note: If layers 

do not separate, centrifuge the samples]. 
7. Carefully transfer about 1-2 mL of the organic layer into a 2 mL GC vial. 9” 

Pasteur pipets are usually long enough to reach the bottom of the test tubes.  
 

Extraction of Samples (crème liqueurs): 
 

Crème liqueurs have a special matrix with high fat content. The extraction procedure 
for this type of product should be as follows: 
1. Pipet 5 mL of sample into 50 mL-Teflon resin-lined top test tubes. 
2. Add approximately 2 g of solid NaCl to each tube. 
3. For all samples and standards, pipet 50 µL of internal standard stock solution 

into each test tube.  
4. Pipet 5 mL of methylene chloride into each test tube using a glass pipet. 
5. Cap test tube and extract solutions in shaker for 5 min. 
6. Allow layers to separate for 2 min, then centrifuge. The organic layer will be the 

bottom one; a layer of high fat content may be present.  
7. Carefully transfer about 1-2 mL of the organic layer into a 2 mL GC vial. Tilt the 

Teflon test tube carefully, fat layer will become loose, using Pasteur pipets 
transfer clear organic liquid into GC vial [Note: if the amount of clear liquid is 
small use vial inserts (100 µL) in the GC vials].  

 
Procedures 
 

The order of the sequence should be: 
1. Methylene chloride blank 
2. Check blank condition. You may need to run a second methylene chloride blank        

if background is high, ions 149, 137 and 151 at the eluting retention time of the 
standards.  
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3. L1-1 ppm standard 
4. L2-10 ppm standard 
5. L3-50  ppm standard 
6. Methylene chloride blank 
7. Methylene chloride blank 
8. LCS 1 
9. Methylene chloride blank 
10. LCS 2 (or replicate sample, see Quality Control section) 
11. Methylene chloride blank 
12. Unknown sample 
13. Methylene chloride blank 
 
[Note: A methylene chloride blank should be run after each unknown sample in an 
analysis set.]   

 
Quality Control 

 
1. The LCS is analyzed as a check for accuracy.  The LCS or a sample is analyzed in 

duplicate as a check for precision.  The values for accuracy and precision should be 
within prescribed limits set forth in the logbook.  If the results fall outside of the 
prescribed limits, a Corrective Action Request (CAR) must be opened.   

 
2. Inspection of the total ion chromatogram (TIC) of Blank #1 will indicate the absence 

of interference from column bleeding of previous samples or carryover.   
 

3. Determine the linearity of the curve.  Analysis should only proceed if the correlation 
coefficient is greater than 0.99.  If the correlation coefficient is less than 0.99, check 
the inlet liner and replace if necessary.   

 
4. After every 8th sample, or more frequently if desired, re-run middle standard level 2 

as a control and check for drift.  The concentration of L2 should be 10 ppm ± 10%, 
or 9 to 11 ppm.  If level 2 is not 10 ppm ± 10%, repeat all injections since the last 
satisfactory L2 injection.  An analysis must end with a satisfactory L2 injection 
(which can then be followed by any subsequent washes or instrument shut-down 
programs).     

 
5. If the standard curve or the control standards analyzed throughout the run are out of 

specification, explore traditional GCMS troubleshooting techniques.  For example, 
ensure that the instrument has been tuned appropriately, and/or check for leaks in 
the system by conducting an air and water check.  

 
6. A methylene chloride blank should be run after each unknown sample in an analysis 

set.   
 
Calculations 
 

Chemstation, or an equivalent software, is used to determine the peak areas of the 
standards and the internal standard.  A linear equation is calculated from the area of the 
standards relative to the IS area (response factor). Response factors for the sample are 
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calculated and used to determine the concentration.  The presence of Vanillin and ethyl 
vanillin is confirmed by comparing the retention times with those of the standards.   
 

Reporting Results 
 

Vanillin and ethyl vanillin should be reported to the nearest whole number.  
 
Please note in the lab report the specific limitations: 

Vanillin   40 ppm 
Ethyl Vanillin   16 ppm 

These are individual limitations, when vanillin and ethyl vanillin are used in combination,  
the total amount used (calculated as vanillin) may not exceed 40 ppm. When the total 
amount is calculated the level of ethyl vanillin should be multiplied by 2.5 and added it to  
the amount of vanillin.   

 
Example: Artificial vanillin and ethyl vanillin are added by a distilled spirits producer 
in the production of a liqueur at a rate of 20 ppm of vanillin and 8 ppm of ethyl 
vanillin. The “total as vanillin” would be: 
 

20 + (2.5 x 8) = 40 ppm 
In this example the producer would not have to label the product imitation.  

 
Safety Notes 

 
Normal laboratory safety protocol should be followed.  Personnel should follow good 
laboratory practices such as wearing protective eye wear, gloves, and a lab coat.  
Persons working with methylene chloride are encouraged to change their gloves 
frequently, and at each instance that methylene chloride comes in direct contact with the 
gloves.     
 
Consult the MSDS for any chemicals used that are unfamiliar.  All chemicals shall be 
considered hazardous - avoid direct physical contact.   
 
High proof alcohol products are flammable.  Ethanol burns with an almost invisible blue 
flame.   
 
Methylene chloride is a suspected carcinogen, and is harmful if swallowed, inhaled, or 
absorbed through skin.  Methylene chloride affects the central nervous system, liver, 
cardiovascular system, and blood.  Methylene chloride also causes irritation to skin, 
eyes, and respiratory tract.  Persons with pre-existing skin disorders, eye problems, 
and/or impaired liver, kidney, respiratory, or cardiovascular function may be more 
susceptible to the effects of methylene chloride.  Conduct all work with methylene 
chloride in a hood.  Dispose of methylene chloride waste in the appropriate waste 
container.    
 
Helium can act as a simple asphyxiant by displacing air.  Helium is colorless, odorless, 
and tasteless at normal temperature and pressure; therefore, adequate ventilation 
should be provided and cylinders should be protected against and checked for possible 
damage.   
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Location of Validation Package 
 

Quality System Files 
 

Required Training, Certification and Re-certification. 
 

1. In-house training by a certified chemist in GC and chemstation operation.  
Training on GC (in-house or vendor provided). 

 
2. Periodically, chemists are re-tested for competency (e.g., every 5 years) and/or 

given proficiency testing. 
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