TheReporter

Reprinted from Volume 15, No. 1, 1996 T296011
© 1999 Sigma-Aldrich Co.

For more information, or current prices, contact your nearest Supelco subsidiary listed below. To obtain further contact information, visit our website (www.sigma-aldrich.com), see the Supelco catalog, or
contact Supelco, Bellefonte, PA 16823-0048 USA.

ARGENTINA Z Sigma-Aldrich de Argentina, S.A. « Av. Pueyrredon 2446/50 « Piso 5-B « Buenos Aires 1119

AUSTRALIA « Sigma-Aldrich Pty. Ltd. « Unit #2, 14 Anella Avenue « Castle Hill NSW 2154

AUSTRIA « Sigma-Aldrich Handels GmbH ¢ Hebbelplatz 7 « A-1110 Wien

BELGIUM - Sigma-Aldrich N.V./S.A. « K. Cardijplein 8 « B-2880 Bornem

BRAZIL - Sigma-Aldrich Quimica Brasil Ltda. « Rua Sabara, 566-Conj. 53 « 01239-010 S&o Paulo, SP

CANADA « Sigma-Aldrich Canada, Ltd. « 2149 Winston Park Dr., Oakville, ON L6H 638

CZECH REPUBLIC - Sigma-Aldrich s.r.o. « Pobrezni 46 186 21 Praha 8

DENMARK - Sigma-Aldrich Denmark A/S « Vejlegaardsvej 65B » DK-2665 Vallensbaek Strand

FINLAND -« Sigma-Aldrich Finland/YA-Kemia Oy  Teerisuonkuja 4 « FIN-00700 Helsinki

FRANCE - Sigma-Aldrich Chimie « Chromatographie Supelco « L'Isle d'’Abeau Chesnes - B.P. 701 « 38297 Saint-Quentin Fallavier Cedex
GERMANY - Sigma-Aldrich Chemie GmbH « Geschéftsbereich Supelco ¢ Griinwalder Weg 30 « D-82041 Deisenhofen

GREECE - Sigma-Aldrich (0.m.) Ltd. « 72 Argonafton Str. « 16346 llioupoli, Athens

HUNGARY - Sigma-Aldrich Kift. « Nagy Diéfa u. 7., IV fl. « H-1067 Budapest

INDIA « Sigma-Aldrich Co. « Survey No. 31/1, Sitharamapalaya « Mahadevapura P.O. « Bangalore 560 048

IRELAND - Sigma-Aldrich Ireland Ltd. « Airton Road * Tallaght * Dublin 24

ISRAEL « Sigma Israel Chemicals Ltd. « Park Rabin « Rohovot 76100

ITALY - Sigma-Aldrich s.r.l. « Via Gallarate, 154 « 20151 Milano

JAPAN - Sigma-Aldrich Japan K.K. « Division Supelco ¢ JL. Nihonbashi Building « 1-10-15 Nihonbashi Horidome-cho, Chuo-ku ¢ Tokyo 103
KOREA « Sigma-Aldrich Korea « Samhan Camus Annex, 10™ Floor « 17-26 Yoido-dong, Yungdeungpo-ku ¢ Seoul

MALAYSIA - Sigma-Aldrich (M) Sdn. Bhd. « 9-2, Jalan 2/128, Taman Gembira * Off Jalan Kuchai Lama 58200 Kuala Lumpur * Selangor
MEXICO « Sigma-Aldrich Quimica S.A. de C.V. « Calle 6 North No. 107 « Parque Industrial Toluca 2000 « 50200 Toluca

NETHERLANDS -« Sigma-Aldrich Chemie BV « Postbus 27 « 3330 AA Zwijndrecht

NORWAY -« Sigma-Aldrich Norway « Sandakerveien 102 « N-0483 Oslo

POLAND - Sigma-Aldrich Sp. z 0.0. * Szelagowska 30 * 61-626 Poznafi

PORTUGAL - Sigma-Aldrich Quimica, S.A. « P.O. Box 131 « Sintra 2710

RUSSIA « Sigma-Aldrich Russia * TOO Techmedbiochem ¢ Makarenko Str. 2/21 « Building 1, Flat 22 « Moscow 103062

SINGAPORE - Sigma-Aldrich Pte. Ltd. « 102E Pasir Panjang Road « #08-01 Citilink Warehouse ¢ Singapore 118529

SOUTH AFRICA « Sigma-Aldrich (pty) Ltd. « CNR Kelly & Ackerman Streets « Southern Life Industrial Park Unit « Unit 16/17 « Jet Park 1459
SPAIN - Sigma-Aldrich Quimica, S.A. « Apt. Correos 161 28100 Alcobendas, Madrid

SWEDEN - Sigma-Aldrich Sweden AB « Solkraftsvagen 14C <135 70 Stockholm

SWITZERLAND - Supelco Switzerland « Industriestrasse 25 ¢ P.O. Box 260 * CH-9471 Buchs

UNITED KINGDOM - Sigma-Aldrich Company Ltd. « Supelco UK « Fancy Road, Poole * Dorset BH12 4QH

UNITED STATES - Supelco « Supelco Park « Bellefonte, PA 16823-0048 - Phone 800-247-6628 or 814-359-3441 - Fax 800-447-3044 or 814-359-3044 - email:supelco@sial.com H

This article is archived from a past issue of The Supelco Reporter. Information in the article was appropriate at the
time of publication, but product specifications, catalog numbers, and availability may have changed over time.

If you have questions about applying methodology described in this article to a current application, please
contact our technical service chemists.

SSUPELCO

Supelco is a member of the Sigma-Aldrich family. Supelco products are sold through Sigma-Aldrich, Inc. Sigma-Aldrich warrants that its products conform to the information contained in this and other
Sigma-Aldrich publications. Purchaser must determine the suitability of the product for a particular use. Additional terms and conditions may apply. Please see the reverse side of the invoice or packing slip.




Food and Beverage

Comparison of New 37 Component FAME Standard on
Four Capillary Columns of Different Polarities

L. Sidisky, K. Kiefer, E. Doughty

The fatty acid composition of an average person’s diet is
very complex. One food can contain saturated,
monounsaturated, and polyunsaturated fatty acids with a
variety of carbon chain lengths. To confirm the identification
of key fatty acids, several different standards and capillary
columns arerequired. The newly developed, broad-based
Supelco 37 Component FAME Mix can aid in identifying key
FAMEs in many food products. This mix is analyzed on four
capillary columns of different polarities: Omegawax 250,
PAG, SP-2380, and 5P-2560, to compare elution patterns
of the key FAMEs. A polyethylene glycol and cyanosilicone
column combination provide the ideal tool for best
confirmational analysis of FAMEs.

With the implementation of the Nutrition Labeling and Education
Act of 1990 by the U.S. Food and Drug Administration (FDA), the
total fat and saturated fat contents of a food must be listed on its
label. An optional listing of the cis-monounsaturated and cis, cis-
methylene interrupted polyunsaturated fatty acids can be stated
as “monounsaturated” and “polyunsaturated” fatty acids.
Unfortunately for the food analyst, determining fatty acid
composition is difficult because a food can contain many different
fatty acids of various carbon chain lengths.

For example, milk contains fatty acids ranging from butyric acid
(C4:0) to arachidic acid (C20:0). Included in the fatty acid
composition is a homologous series of even-carbon-numbered
saturated fatty acids: monoenoic C16 and C18, and
polyunsaturated C18 dienoic and trienoic fatty acids. Milk and
butterare also known to contain small amounts of transfatty acids.

Some vegetable oils, included in many diets as a part of the food
processing or preparation step, contain fatty acids ranging from Cé6
to C24 in carbon number, with varied amounts of saturated and
unsaturated cis fatty acids. If the oils have been hydrogenated, as
inmargarine, then transfatty acids also will be present. In addition,
meat andfish contribute saturated, monounsaturated, and cis, cis-
methylene interrupted polyunsaturated fatty acids to the average
diet.

Fatty acids are typically analyzed as methyl esters, using capillary
gas chromatography (GC). Many different standards and capillary
columns are required to identify key fatty acids from complex food
samples, which inefficiently expend laboratory time and money.
Therecently developed Supelco™ 37 Component FAME Mix helps
identify key fatty acid methyl esters (FAMEs) in many foods. This
new mix contains FAMEs ranging in carbon number from C4 to
C24:1, including most of the important saturated,
monounsaturated, and polyunsaturated FAMEs. Refer to Table 1
for a complete listing.
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The Supelco 37 Component FAME Mix is designed to mimic the
fatty acid composition of a number of food samples. For example,
the saturated series of fatty acids starting with C4, along with the
unsaturated and polyunsaturated C16 and C18 FAMEs, will mimic
a milk fat sample. Representative components in hydrogenated
and pure vegetable oils are a homologous series of even-carbon-
numbered saturated FAMEs from C8 through C24; the
monounsaturated C16:1; cisand trans C18:1; C20:1, C22:1; and
the polyunsaturated octadecenoic FAMEs.

Table1. Composition of Supelco 37 Component
FAME Mix

Peak Component Weight
IDs™ (acid methyl esters) (%)

C4:0 (Butryic)

C6:0 (Caproic)

C8:0 (Caprylic)

C10:0 (Capric)

C11:0 (Undecanoic)

C12:0 (Lauric)

C13:0 (Tridecanoic)

C14:0 (Myristic)

C14:1 (Myristoleic)

C15:0 (Pentadecanoic)
C15:1 (cis-10-Pentadecenoic)
C16:0 (Palmitic)

C16:1 (Palmitoleic)

C17:0 (Heptadecanoic)
C17:1 (cis-10-Heptadecenoic)
C18:0 (Stearic)

C18:1n9c (Oleic)

C18:1n9t (Elaidic)

C18:2n6c¢ (Linoleic)
C18:2n6t (Linolelaidic)
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21 C18:3n6 (y-Linolenic)

22 C18:3n3 (a-Linolenic)

23 C20:0 (Arachidic)

24 C20:1n9 (cis-11-Eicosenoic)

25 C20:2 (cis-11,14-Eicosadienoic)

26 C20:3n6 (cis-8,11,14-Eicosatrienoic)

27 C20:3n3 (cis-11,14,17-Eicosatrienoic)

28 C20:4n6 (Arachidonic)

29 C20:5n3 (cis-5,8,11,14,17-Eicosapentaenoic)
30 C21:0 (Henicosanoic)

31 C22:0 (Behenic)

32 C22:1n9 (Erucic)

33 C22:2 (cis-13,16-Docosadienoic)

34 C22:6n3 (cis-4,7,10,13,16,19-Docosahexaenoic)
35 C23:0 (Tricosanoic)

36 C24:0 (Lignoceric)

37 C24:1n9 (Nervonic)

® These numbers reference the peaks in Figures A through D.
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FAMEs typically found in fish and meat samples include the
previously discussed saturated and unsaturated FAME isomers,
and the key omega-3 and omega-6 polyunsaturated FAMEs. Fish
samples contain large amounts of the omega-3 fatty acids, such
as C20:5n3 and C22:6n3, whereas meat samples are richer in the
omega-6 fatty acids, such as arachidonicacid (C20:4n6). All of the
omega-3 and omega-6 fatty acids are cis, cis methylene interrupted
FAMEs. Also included in this new mix are some of the odd-carbon-
numbered FAMEs that are found in some food samples.

Analysts must choose from a number of capillary columns to
analyze food samples. The sample type and the information being

sought determines the proper column choice. Routinely,
polyethylene glycol-based capillary columns are used for FAME
analysis of marine fish oils and meat samples, as they will elute the
FAME isomers according to carbon chain length and degree of
unsaturation. Cyanosilicone capillary columns are widely used for
analyzing vegetable oils because they provide resolution of cisand
trans FAMEs. However, the cyanosilicone phases usually overlap
some of the carbon chain lengths, which can cause problems in
peak identification.

Figure A. Supelco 37 Component FAME Mix on Omegawax 250 Column®
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Figure B.

Supelco 37 Component FAME Mix on PAG Column®
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Figure C. Supelco 37 Component FAME Mix on SP-2380 Column®
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Figure D. Supelco 37 Component FAME Mix on SP-2560 Column®
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To compare columns for analyzing FAMEs, we evaluated the
Supelco 37 Component FAME Mix on four capillary columns of
different polarities: the Omegawax™ 250, the PAG, the SP™-
2380, and the SP-2560 (see Figures Athru D). The Omegawax 250
column is a bonded polyethylene glycol-based phase. For
comparison with a phase of similar polarity, the slightly less polar
polyalkylene glycol (PAG) phase was evaluated. This phase contains
a percentage of propylene oxide in its polymer backbone, rather
than 100% of polyethylene oxide like the Omegawax 250 column.
Two high-polarity cyanosilicone columns were evaluated for
differentelution patterns: SP-2380 (95% cyanopropyl 5% phenyl
polysiloxane)and SP-2560 (100% bis-cyanopropyl polysiloxane).

Most of the injection and detection parameters for the analyses
wereidentical, exceptfor oventemperature, and carrier gas linear
velocity and set temperature. All analyses were temperature
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programmed runs. Refer to Table 2 on the following page for
conditions on all four columns.

To evaluate the figures, we will compare the two lower polarity
columns and then contrast these results with the two higher
polarity columns. The Omegawax 250 and the PAG column
analyses (Figures A and B) show slight differences in the elution
patterns for the polyunsaturated FAMEs. The most notable
differences in the elution patterns occur with the more highly
unsaturated longer-chain-length FAMEs. The comparison of these
analyses indicates that the less polar PAG column provides a truer
carbon chain length separation. All of the even-carbon-numbered
FAMEs elute according to carbon number and degree of
unsaturation prior to the next saturated even-carbon-numbered
FAME eluting. For the Omegawax 250 column, there is some
carbon chain overlap, as the C22:6n3 FAME elutes after the C24:0
FAME.
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Table2. Conditionsfor Analyzingthe Supelco
37 Component FAME Mix on Omegawax 250,
PAG, SP-2380, and SP-2560 Columns

General Conditions
Det.: FID (2x107"), 260°C
Sample Concentration: 10mg/mL
Inj.: 1L of Supelco 37 Component FAME Mix,
split 100:1, 250°C

Column-Specific Conditions

Column: Omegawax 250,
30m x 0.25mm ID x 0.25pum film
Cat. No.: 24136
Oven: 50°C (2 min) to 220°C at 4°C/min,
hold 15 min
Carrier: helium, 30cm/sec, 205°C
Column: PAG, 30m x 0.25mm ID x 0.25um film
Cat. No.: 24223
Oven: 50°C (2 min) to 220°C at 4°C/min,
hold 15 min
Carrier: helium, 30cm/sec, 205°C
Column: SP-2380, 30m x 0.25mm ID x 0.20um film
Cat. No.: 24110-U
Oven: 50°C (2 min) to 250°C at 4°C/min,
hold 15 min
Carrier: helium, 20cm/sec, 150°C
Column: SP-2560,
100m x 0.25mm ID x 0.20um film
Cat. No.: 24056
Oven: 140°C (5 min) to 240°C at 4°C/min,
hold 15 min
Carrier: helium, 20cm/sec, 175°C

The higher-polarity SP-2380 and SP-2560 columns show a much
different elution pattern. An advantage is that the cyanosilicone
phases offer the capability to resolve cisand trans FAMEs, with the
trans isomer eluting prior to the cisisomer. The SP-2560 column,
in particular, is designed to resolve positional geometric FAME
isomers. The resolution and elution patterns for the C18:1n9tand
C18:1n9cisomers and the C18:2n6tand C18:2n6c isomers on all
four column types show the differences in selectivity and resolving
power of the columns. The polyethylene glycol columns do offer
slight resolution of the cis and trans isomers with the cis isomer
eluting first.

A disadvantage to using the high polarity cyanosilicone columns
is that there is a significant amount of carbon chain overlap in the
elution patterns. Most of the trienoic and more polyunsaturated
FAMEs tend to elute after the next even-carbon-numbered saturated
FAME. Forexample, C18:3n6 and C18:3n3 elute after the saturated
C20 FAME, leading to possible peak identification problems.

Given the differences in elution patterns of FAME isomers on the
four analyzed columns of different polarities, we found that using
both a polyethylene glycol and a cyanosilicone column with the
Supelco 37 Component FAME Mix provides the ideal tool for
confirmation analyses of FAME samples. When columns of equal
dimensions are used, they can be connected to a single injection
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port and separate detectors.* By making a single injection, two
separate elution profiles will be generated, providing an extensive
FAME analysis.

The polyalkylene glycol columns produce an elution pattern that
more closely follows carbon chain length, and the higher polarity
cyanosilicone columns produce better cis and trans FAMEs
resolutions. By using the Supelco 37 Component FAME Mix with
these columns, the key FAMES of many foods can be easily and
efficiently identified, thereby eliminating many of the hassles
associated with food analyses.

Ordering Information:

Description Cat. No.
37 Component FAME Mix, TmL,

10mg/mL FAMEs in methylene

chloride. 47885-U
Fused Silica Capillary Columns

Omegawax 250,

30m x 0.25mm ID x 0.25um film 24136
PAG,

30m x 0.25mm ID x 0.25pum film 24223
SP-2380,

30m x 0.25mm IDx 0.20um film 24110-U
SP-2560,

100m x 0.25mm IDx 0.20um film 24056

For many additional fatty acid standards, refer to the current
Supelco catalog.

*The SP-2560 column is available only in a length of 100m.
Omegawax, SP, and Supelco are trademarks of Sigma-Aldrich Co.

Fused silica columns manufactured under HP US Pat. No. 4,293,415.
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