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U.S. CUSTOMS AND BORDER PROTECTION

LABORATORY METHODS
CBPL METHOD 15-12

Identification of Fats and Oils by Evaluation

of their Corresponding Fatty Acid Methyl Ester Profiles

Using Gas Chromatography

SAFETY STATEMENT
This CBPL Method cannot fully address safety issues that may arise from its use.  The analyst is responsible for assessing potential safety issues associated with a given method at its point of use.

Before using this method, the analyst will consider all general laboratory safety precautions.  In particular, the analyst will identify and implement suitable health and safety measures and will comply with all pertinent regulations.
METHOD UNCERTAINTY

The uncertainty of measurement for this method is specific to each laboratory.
0.

SCOPE AND FIELD OF 




APPLICATION

This semi-quantitative method utilizes a gas chromatograph coupled with a flame ionization detector (GC-FID) to profile fats and oils of vegetable and animal origin by analysis of their corresponding fatty acid methyl esters (FAME).  Peak area percentages of the methyl esters are used to calculate fatty acid compositions.  Identification of the lipid is made by comparison of the sample’s fatty acid composition with established values for lipids.

This method addresses the issue of classifying fats and oils found in Chapter 15 of the Harmonized Tariff Schedule of the United States (HTSUS).

1.

REFERENCES

1.1

AOAC 969.33.  “Fatty Acids in Oils and Fats.”

1.2

AOCS Ce2-66.  “Preparation of Methyl Esters of Fatty Acids.”

1.3

CBPL 04-24/ASTM D 2800.  “Standard Test Method for Preparation of Methyl Esters from Oils for Determination of Fatty Acid Composition by Gas-Liquid Chromatography.”

1.4

CBPL 12-01/AOAC 963.22.  “Methyl Esters of Fatty Acids in Oils and Fats:  Gas Chromatographic Method (AOAC - IUPAC Method).”

1.5

CBPL 15-10/Methods Manual.  “High Performance Liquid Chromatography Determination of Identity of Oils and Their Mixtures:  Isocratic Elution.”

1.6

CBPL 15-11/Methods Manual.  “High Performance Liquid Chromatographic Determination of Identity of Oils and Their Mixtures:  Gradient Elution.”

1.7

Christie, W.W.  Gas Chromatography and Lipids.  The Oily Press, Ltd.  Scotland.  1989.

1.8

Gunstone, F.D., Harwood, J.L., and Padley, F.B.  Chapter 3 in The Lipid Handbook.  Chapman & Hall.  London.  1995.

1.9

Pitts, S.J. and Thomson, C.I.  “Analysis and Classification of Common Vegetable Oils.”  Journal of Forensic Sciences.  Vol. 48, No. 6.  November 2003.  Pp.1293-1297.

NOTE:  Analysts may, at their discretion, utilize the methods referred to in References 1.1-1.6 in addition, or as an alternative, to this method.

2.

REAGENTS

2.1

Dichloromethane or Hexane, Methanol, Chloroform, GC or HPLC grade.

2.2

1-mL ampoules of 0.2N methanolic (m-trifluoromethylphenyl) trimethylammonium hydroxide [Meth PrepTM II] (MP2) reagent (Alltech).

2.3

Standard reagents.

2.3.1
Supelco 37-component FAME mixture (Table 1) or similar certified mixture including at a minimum C8 through C24 fatty acids.

2.3.2
Supelco Polyunsaturated Fatty Acid Methyl Esters (PUFA) No. 2 (Animal Source).

2.3.3
Alltech FAME mixtures K101, K110, K3000, and K107 (Table 2) or a similar certified set of mixtures from C8 through C24 fatty acids.

2.3.4
(Optional) Highly Characterized Reference Oils from Supelco or other reliable/reputable sources.

3.

EQUIPMENT

3.1

Analytical balance capable of weighing to the nearest ±0.001 g.

3.2

Pipette(s) capable of delivering aliquots in a range of 20 μL to 1 mL.

3.3

5-mL disposable borosilicate vials with PTFE-lined screw-on cap.

3.4

3 mL disposable syringes.

3.5

Pipette and dropper bulb.

3.6

GC vials with PTFE/Silicone-lined caps.

3.7

Gas chromatograph equipped with a flame ionization detector and a split/splitless injector, preferably with autosampler.

3.8

A deactivated 4-mm ID wool-packed split/splitless liner or other suitable liner.

3.9

A polar capillary fused silica GC column capable of separating FAME, such as Supelcowax 10TM  (Supelco), 30m x 0.32mm x 0.5μm.

3.10

Data analysis system capable of automatic area integration, such as the Hewlett-Packard Chemstation software.

3.11

Helium carrier gas, minimum purity of 99.99 %.

3.12

Use of an FID will also require:

3.12.1
Compressed hydrogen.

3.12.2
Compressed air.

4.

PROCEDURE

NOTE:  All glassware must be dry and at room temperature prior to use.

4.1

Standards.

4.1.1
Transfer the 37-component FAME mixture into a labeled vial.  Dilute the solution with 2 mL dichloromethane.  Transfer 1 mL of the diluted mixture into a GC vial and place in autosampler tray.

4.1.2
Break the K101 ampoule and place the contents into a labeled vial.  Dilute the solution with 2 mL dichloromethane. Transfer 1 mL of the diluted K101 mixture into a GC vial and place in autosampler tray.  Repeat with the K110, K3000, K107, and PUFA No. 2 ampoules.

NOTES:

1.  Standard reagents composed of saturated FAMEs are stable and may be stored in the refrigerator and re-used in subsequent analyses.  Reagents containing unsaturated FAME components will oxidize when exposed to air but depending on the degree of oxidation, may still be usable as a standard.

2.  Standard reagents were chosen to make this method applicable to a wide variety of fats and oils.  Analysts may, at their discretion, utilize standard reagents applicable to their particular situation.

4.2

Sample Prep

4.2.1
Pipette 20 μL (2 drops) of oil or 15 mg of the solid fat sample into a GC vial.

4.2.2
Pipette 1 mL of dichloromethane into the vial.  Should dichloromethane not be available, hexane is an acceptable substitute.

NOTE:  Hexane produces a double layer when used as a solvent in the presence of the MP2 reagent.  The top layer, which contains the esters, must be transferred to another GC vial after step 4.2.4 for analysis.

4.2.3
Add approximately one-half ampoule of MP2 reagent to the sample vial, using a pipette and dropper bulb, if necessary.  Cap the vial tightly and tap the side to mix the reagents.

4.2.4
Allow the mixture to react for 20 minutes at room temperature, occasionally shaking the vial to mix the solution.

4.2.5
If necessary, filter the solution and transfer to a GC vial.

4.3

Data Acquisition.

4.3.1
Use Tables 3-5 as guides to set instrumental operating conditions.  A different column may be used so long as temperatures are adjusted accordingly to meet the following criterion: at a minimum, baseline separation of the following FAME species should be obtained from running the 37-component mixture: 8:0, 10:0, 11:0, 12:0, 13:0, 14:0, 15:0, 16:0, 17:0, 18:0, 18:1, 18:2, 18:3, 20:0, 20:1, 21:0, 22:0, and 24:0.

NOTE:  The elution order of the 37-component FAME mixture may not be the same as that presented in Table 1, since different columns and conditions were used.  The analyst is responsible for determining the elution order based on the standard mixtures analyzed.

4.3.2
Inject 1 μL of the diluted standard solution from step 5.1.1 into the GC with the inlet set to split mode, and acquire data.  Repeat the injection to acquire a second set of data for the standards.

4.3.3
Inject 1 μL of the diluted standard solutions from step 5.1.2 into the GC with the inlet set to split mode, and acquire data.  Repeat the injection to acquire a second set of data for the standards.

4.3.4
Make peak assignments in the 37-component standard mixture run, using results from 5.3.3 as aid.

NOTE:  Once retention time and area percent data have been acquired and tabulated for the full set of standard solutions, future analyses will require only the 37-component standard mixture to be run for verification, provided that the same column and GC conditions are used.

4.3.5
Inject 1 μL of the sample solution into the GC with the inlet set to split mode, and acquire the data.  Repeat the injection to acquire a second set of data for the sample.

4.3.6
Repeat step 5.3.5 for all samples.

5.

IDENTIFICATION

Identification of the unknown will be performed as follows:

5.1

Identification of the oil using Table 7.  Identify the unknown using the percentage composition range of fatty acids found in Table 7.  See Figures 1, 2, and Table 6 for a sample analysis.

5.2

Identification of the oil by direct comparison with a known standard.  If a match has not been obtained by using the procedure in 5.1, but has been narrowed down to a few oils, react the chosen oils from Section 2.3.4 according to Sample Prep section 4.2 and acquire data according to section 4.3.  (It is not necessary to run the standard solutions again unless conditions have significantly changed since the start of the analysis.)  Compare the chromatograms between the reacted sample and reference oils directly to produce a match.

NOTE:  The analyst is referred to HPLC procedures in Section 2 that may be used in tandem with this method to establish the identity of the oil.

6.

OBSERVATIONS

6.1

The presence of a strong peak that elutes very early in the analysis is an artifact of the MP2 reagent.  Using the Supelcowax 10 at conditions described by Tables 3 and 4, the retention time for this peak is approximately 2.6 minutes.

6.2

Another artifact from the MP2 reagent elutes around 34-35 minutes; this peak is much weaker than the first one and may not be present in all runs.

6.3

The Supelcowax 10 was not able to resolve the cis-trans forms of methyl esters 18:1, 18:2, but may resolve the co-eluting esters of 24:1 and 22:6N3.

Although the FAME isomers may have different retention times, peak areas for these isomeric species should be combined into one value since the values in Table 7 are not isomer specific.

Table 1.  37-component FAME mixture (Supelco) composition.

	
	FAME Component
	Wt. %

	  1.
	Butyric (C4:0)
	4

	  2.
	Caproic (C6:0)
	4

	  3.
	Caprylic (C8:0)
	4

	  4.
	Capric (C10:0)
	4

	  5.
	Undecanoic (C11:0)
	2

	  6.
	Lauric (C12:0)
	4

	  7.
	Tridecanoic (C13:0)
	2

	  8.
	Myristic (C14:0)
	4

	  9.
	Myristoleic (C14:1)
	2

	10.
	Pentadecanoic (C15:0)
	2

	11.
	Cis-10-Pentadecenoic (C15:1)
	2

	12.
	Palmitic (C16:0)
	6

	13.
	Palmitoleic (C16:1)
	2

	14.
	Heptadecanoic (C17:0)
	2

	15.
	Cis-10-Heptadecenoic (C17:1)
	2

	16.
	Stearic (C18:0)
	4

	17.
	Elaidic (C18:1n9t)
	2

	18.
	Oleic (C18:1n9c)
	4

	19.
	Linolelaidic (C18:2n6t)
	2

	20.
	Linoleic (C18:2n6c)
	2

	21.
	Arachidic (C20:0)
	4

	22.
	Gamma-Linolenic (C18:3n6)
	2

	23.
	Cis-11-Eicosenoic (C20:1)
	2

	24.
	Linolenic (C18:3n3)
	2

	25.
	Heneicosanoic (C21:0)
	2

	26.
	Cis-11,14-Eicosadienoic (C20:2)
	2

	27.
	Behenic (C22:0)
	4

	28.
	Cis-8,11,14-Eicosatrienoic (C20:3n6)
	2

	29.
	Erucic (C22:1n9)
	2

	30.
	Cis-11,14,17-Eicosatrienoic (C20:3n3)
	2

	31.
	Arachidonic (C20:4n6)
	2

	32.
	Tricosanoic (C23:0)
	2

	33.
	Cis-13,16-Docosadienoic (C22:2)
	2

	34.
	Lignoceric (C24:0)
	4

	35.
	Cis-5,8,11,14,17-Eicosapentaenoic (C20:5n3)
	2

	36.
	Nervonic (C24:1)
	2

	37.
	Cis-4,7,10,13,16,19-Docosahexaenoic (C22:6n3)
	2


Table 2. Standard FAME mixture (Alltech) compositions

	
	FAME Component
	Methyl Ester (% Composition by weight)

	
	
	K101
	K110
	K3000
	K107

	  1.
	Caprylic (C8:0)
	14.3
	
	
	

	  2.
	Capric (C10:0)
	14.3
	
	
	

	  3.
	Lauric (C12:0)
	14.3
	
	
	

	  4.
	Myristic (C14:0)
	14.3
	
	
	

	  5.
	Palmitic (C16:0)
	14.3
	12.5
	
	

	  6.
	Palmitoleic (C16:1t)
	
	12.5
	
	

	  7.
	Palmitoleic (C16:1c)
	
	12.5
	
	

	  8.
	Stearic (C18:0)
	14.3
	12.5
	
	

	  9.
	Oleic (C18:1n9t)
	
	12.5
	
	

	10.
	Oleic (C18:1n9c)
	
	12.5
	
	

	11.
	Linoleic (C18:2n6t)
	
	12.5
	
	

	12.
	Linoleic (C18:2n6c)
	
	12.5
	25
	

	13.
	Linolenic (C18:3)
	
	
	25
	

	14.
	Arachidic (C20:0)
	14.3
	
	
	16.7

	15.
	Cis-11-Eicosenoic (C20:1)
	
	
	
	16.7

	16.
	Arachidonic (C20:4n6)
	
	
	25
	

	17.
	Behenic (C22:0)
	
	
	
	16.7

	18.
	Erucic (C22:1n9)
	
	
	
	16.7

	19.
	Cis-4,7,10,13,16,19-Docosahexaenoic (C22:6n3)
	
	
	25
	

	20.
	Lignoceric (C24:0)
	
	
	
	16.7

	21.
	Nervonic (C24:1)
	
	
	
	16.7


Table 3.  GC-FID operating conditions when using the

30-m Supelcowax 10™ column specified in 3.9.

	Injector temperature, °C
	250

	Detector temperature, °C
	300

	Helium carrier gas flow rate, mL/min
	1.2

	Split vent ratio
	45:1

	Helium make-up flow rate, mL/min
	45

	Hydrogen flow rate, mL/min
	40

	Air flow rate, mL/min
	450

	Syringe pre-wash (methanol)
	2

	Syringe pre-wash (chloroform)
	2

	Syringe post-wash (methanol)
	2

	Syringe post-wash (chloroform)
	2


NOTE:  The syringe wash is optional, since use of an autosampler is not mandatory for the method; although methanol and chloroform were used as solvents during method development, choice of syringe wash solvents and the number of injections is up to the analyst.

Table 4.  GC-FID Oven Temperature

	Initial temperature, °C
	200

	Initial hold time, min
	1

	Ramp temperature, °C/min
	2

	Final temperature, °C
	250

	Final hold time, min
	10


Table 5.  HP Chemstation Integration Events parameters

	Event
	Value
	Time

	Initial Area Reject
	1.000
	Initial

	Initial Peak Width
	0.040
	Initial

	Initial Shoulders
	OFF
	Initial

	Initial Threshold
	-1.000
	Initial

	Integrator OFF
	No value
	0.000 min

	Integrator ON
	No value
	5.000 min


NOTE:  Parameters in Table 5 are instrument specific and must be adjusted to satisfy the following conditions: a) solvent and artifact peaks from the reagent are not integrated, b) all peaks resulting from FAME components are integrated.

Figure 1.  GC-FID chromatogram of olive oil with hexane as solvent
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Figure 2. GC-FID chromatogram of FAMEs standard mix


Table 6. Characterization of Sample Chromatogram (see Figure 1)

	FAME species
	Peak Area (%)
	Elution Time of FAME from Oil (min)

obtained from Fig 1
	Elution Time of FAME from standard mix (min) obtained from Fig 2
	Δ Time (min)

	16:0
	11.83
	  6.79
	  6.87
	-0.08

	16:1
	  0.78
	  7.23
	  7.32
	-0.09

	18:0
	  2.56
	10.04
	10.15
	-0.11

	18:1 (c,t)
	67.61
	10.58
	10.66
	-0.08

	18:2 (c,t)
	11.80
	11.56
	11.68
	-0.12

	18:3
	  0.99
	13.04
	13.20
	-0.16

	20:0
	  0.56
	14.43
	14.59
	-0.16

	20:1
	  0.53
	15.04
	15.21
	-0.17


Comparison of the peak area values for the main peak, 18:1, in Table 6 with the range of values found in Table 7 indicates this oil (liquid at room temperature) to be olive.  Although rapeseed (LEAR) could be a candidate, this choice is eliminated once the 16:0 and 18:2 peak area values are taken into consideration.  The value for 20:1 in Table 7 is designated as “tr” (trace).  Although this “value” may not agree with that of our sample, the other peak areas fit in the range for that of olive oil.  Conclusion: sample is olive oil.

●  The sum of the peak areas on this table does not equal 100% since only those FAMEs that match an elution time with one of the FAMEs species in the standard mix and found in Table 7 are used for analysis.

●  Sample peak areas may not be in the ranges found in Table 7 since the data in this table was obtained from a limited collection of fats/oils.

Table 7.  GLC Fatty acid ranges in Codex standards for individual fats and oils.

Ranges refer to typical commercial samples of bona fide fats and oils.

	Fatty acid
	Babassu
	Coconut
	Cottonseed
	Maize
	Olive oil
	Palm
	Palm Kernel
	Rapeseed
	Rapeseed

(low erucic acid)
	Safflower
	Sesame
	Soya bean
	Sunflower
	Lard
	Premier jus and edible tallow

	6:0
	nd
	0.0-0.6
	nd
	e
	nd
	ns
	0.0-0.8
	c
	nd
	nd
	nd
	nd
	nd
	a
	b

	8:0
	2.6-7.3
	4.6-9.4
	nd
	e
	nd
	ns
	2.4-6.2
	c
	nd
	nd
	nd
	nd
	nd
	a
	b

	10:0
	1.2-7.6
	5.5-7.8
	nd
	e
	nd
	ns
	2.6-5.0
	c
	nd
	nd
	nd
	nd
	nd
	a
	b

	12:0
	40.0-55.0
	45.1-50.3
	0.0-0.2
	0.0-0.3
	nd
	0.0-0.4
	41.0-55.0
	c
	nd
	nd
	nd
	0.0-0.1
	0.0-0.1
	a
	b

	14:0
	11.0-27.0
	16.8-20.6
	0.6-1.0
	0.0-0.3
	<0.05
	0.5-2.0
	14.0-18.0
	0.2
	0.0-0.2
	0.0-0.2
	0.0-0.1
	0.0-0.2
	0.0-0.2
	0.5-2.5
	1.4-7.8

	16:0
	5.2-11.0
	7.7-10.2
	21.4-26.4
	8.6-16.5
	7.5-20
	40.1-47.5
	6.5-10.0
	1.5-6.0
	3.3-6.0
	5.3-8.0
	7.9-10.2
	8.0-13.3
	5.6-7.6
	20-32
	17-37

	16:1
	nd
	nd
	0.0-1.2
	0.0-0.4
	0.3-3.5
	0.0-0.6
	ns
	0.0-3.0
	0.1-0.6
	0.0-0.2
	0.1-0.2
	0.0-0.2
	0.0-0.3
	1.7-5
	0.7-8.8

	17:0
	nd
	nd
	nd
	nd
	nd
	ns
	ns
	nd
	0.0-0.3
	nd
	0.0-0.2
	nd
	nd
	<0.5
	0.5-2.0

	17:1
	nd
	nd
	nd
	nd
	nd
	ns
	ns
	nd
	0.0-0.3
	nd
	0.0-0.1
	nd
	nd
	<0.5
	<1.0

	18:0
	1.8-7.4
	2.3-3.5
	2.1-3.3
	1.0-3.3
	0.5-5.0
	3.5-6.0
	1.3-3.0
	0.5-3.1
	1.1-2.5
	1.9-2.9
	4.8-6.1
	2.4-5.4
	2.7-6.5
	5-24
	6.0-40

	18:1
	9.0-20.0
	5.4-8.1
	14.7-21.7
	20.0-42.2
	55-83
	36.0-44.0
	12.0-19.0
	8-60
	52.0-66.9
	8.4-21.3
	35.9-42.3
	17.7-26.1
	14.0-39.4
	35-62
	26-50

	18:2
	1.4-6.6
	1.0-2.1
	46.7-58.2
	39.4-62.5
	3.5-21
	6.5-12.0
	1.0-3.5
	11-23
	16.1-24.8
	67.8-83.2
	41.5-47.9
	49.8-57.1
	48.3-74.0
	3-16
	0.5-5.0

	18:3
	nd
	0.0-0.2
	0.0-0.4
	0.5-1.5
	<1.5
	0.0-0.5
	
	5-13
	6.4-14.1
	0.0-0.1
	0.3-0.4
	5.5-9.5
	0.0-0.2
	<1.5
	<2.5

	20:0
	nd
	0.0-0.2
	0.2-0.5
	0.3-0.6
	<0.8
	0.0-1.0
	
	0.0-3.0
	0.2-0.8
	0.2-0.4
	0.3-0.6
	0.1-0.6
	0.2-0.4
	<1.0
	<0.5

	20:1
	nd
	nd
	0.0-0.1
	0.2-0.4
	tr
	d
	
	3-15
	0.1-3.4
	0.1-0.3
	0.0-0.3
	0.0-0.3
	0.0-0.2
	<1.0
	<0.5

	20:2
	nd
	nd
	0.0-0.1
	0.0-0.1
	nd
	d
	
	0.0-1.0
	0.0-0.1
	nd
	nd
	0.0-0.1
	nd
	<1.0
	

	22:0
	nd
	nd
	0.0-0.6
	0.0-0.5
	<0.2
	d
	
	0.0-2.0
	0.0-0.5
	0.2-0.8
	0.0-0.3
	0.3-0.7
	0.5-1.3
	<0.1
	

	22:1
	nd
	nd
	0.0-0.6
	0.0-0.1
	nd
	d
	
	5-60
	0.0-2.0
	0.0-1.8
	nd
	0.0-0.3
	0.0-0.2
	
	

	22:2
	nd
	nd
	0.0-0.1
	nd
	nd
	d
	
	0.0-2.0
	0.0-0.1
	nd
	nd
	nd
	0.0-0.3
	
	

	24:0
	nd
	nd
	0.0-0.1
	0.0-0.4
	<1.0
	d
	
	0.0-2.0
	0.0-0.2
	0.0-0.2
	0.0-0.3
	0.0-0.4
	0.2-0.3
	
	

	24:1
	nd
	nd
	nd
	nd
	nd
	d
	
	0.0-3.0
	0.0-0.4
	0.0-0.2
	nd
	nd
	nd
	
	


nd:  not detected; ns, not specified; tr, trace level

a.  Sum total of these fatty acid (FA) components < 0.5%.

b.  Sum total of these FA components < 2.5%

c.  Sum total of these FA components = 0.1%

d.  Sum total of these FA components is in the range 0.0-0.1%

e.  Sum total of these FA components is in the range 0.0-0.5%

Source: The Lipid Handbook (Second Edition).  Gunstone, F.D., Hardwood, J.L., and Padley.  F.B., Chapman & Hall Publishers.  London.  1995.  Pp. 118-119.
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