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RESUMEN

Separacion de isémeros cis/trans de acidos grasos
mediante cromatografia de gases, comparacién con el
método Ag-TLC.

El presente estudio investiga la separacion de isémeros
cis/trans de acidos grasos mediante cromatografia de gases
(GC) utilizando una columna de SP2560 de 75 m y diferentes
condiciones que incluyen un programa isotérmico y una pro-
gramacion temperatura-tiempo. La programacion temperatu-
ra-tiempo mostré una mejor separacion de isémeros cis /
trans de los acidos grasos Ci,.1, Ci6.1, C1g.1, C1g0 Y C1a:5 CON lOS
acidos grasos de cadena corta en comparacion con el pro-
grama isotermo. La separacion de los isémeros trans/trans
de los acidos grasos C,g incluyendo acido elaidico (C,g.; A9t)
y acido vaccénico (C,g;A11t) fué dificil mediante programa-
cion temperatura-tiempo. La cromatografia en capa fina im-
pregnada con nitrato de plata (Ag-TLC) se realiz6 para sepa-
rar fracciones cis/trans y el andlisis de la fracciones se llevé a
cabo mediante GC. El analisis GC mostré co-elucion de los
isémeros trans del &cido graso C,q.,. Asi, el estudio muestra
que una programacion temperatura-tiempo en GC con co-
lumna de cianopropilo altamente polar es suficiente para re-
solver los &cidos grasos trans, junto con los acidos grasos de
cadena corta cuando un gran nimero de muestras tiene que
ser analizado.

PALABRAS CLAVE: Acidos grasos trans — Cromatogra-
fia de gases — Fraccionamiento Ag-TLC — Resolucion

SUMMARY

Separation of cis/trans fatty acids isomers on gas
chromatography compared to the Ag-TLC method

The present study investigates the separation of the cis/
trans isomers of fatty acids on the 75 m SP2560 column under
different gas chromatographic (GC) conditions including an
isothermal program and a time-temperature program. The
time-temperature program showed improved separation of
cis/trans isomers of C,,.1, Cyg.1, Cyg.1, C1go @and Cg5 fatty acids
along with short chain fatty acids compared to the isothermal
program. The separation of trans/trans isomers of C,g, fatty
acids including elaidic acid (C,q.; A9t) and vaccenic acid (C,g.4
A11t) was difficult with the time-temperature program. The
thin layer chromatography impregnated with silver nitrate (Ag-
TLC) method was performed to separate cis/trans fractions
and GC analysis was carried out with the trans fraction. But
GC analysis showed a co-elution of trans isomers of Ciq.
fatty acid. Thus the study shows that a time-temperature
programmed GC method with the highly polar cyanopropyl
column is sufficient to resolve trans fatty acids along with

short chain fatty acids when a large number of samples has
to be analyzed.

KEY WORDS: Ag-TLC fractionation - Gas
chromatography — Resolution — Trans fatty acids.

1. INTRODUCTION

Trans fat comprises unsaturated fatty acids
having one or more isolated double bonds in the frans
geometric configuration (U.S.FDA, 2003). Trans
fatty acids (TFA) in food originate from three major
sources, 1) through partial hydrogenation of fats, 2)
high-temperature processing of edible oils, 3) from
the natural occurrence of TFA in ruminant meat and
dairy products (Valenzuela et al., 1995; Mjgs, 2005;
Tsuzuki et al., 2010). Due to the presence of TFA,
partially hydrogenated oils have some commercial
advantages over many non-hydrogenated oils, such
as longer shelf life, solidity at room temperature and
greater stability during high temperature commercial
deep frying (Micha and Mozaffarian, 2008). Several
epidemiological and clinical studies on the health
effects of TFA published in the last few years
indicate that TFA intake may be a risk factor for
cardiovascular disease (Mozaffarian et al., 2006;
Valenzuela et al., 2011). Analysis of trans isomers
of fatty acids has taken on more importance, since
the world health organization recommended that
the intake of trans fat should be limited to < 1% of
the overall energy intake (Fournier et al., 2007). In
2003, the U.S. food and drug administration (FDA)
also passed a labeling requirement for frans fat in
packaged food products, effective January1, 2006,
requiring it to be reported on the nutrition label if
present at >0.5g/serving, but allowed for it to be
declared zero if the product contained <0.5g/serving.
In the context of food labeling and nutrition frans
fat does not include fatty acids with conjugated
trans double bonds. Several analytical methods are
reported for the determination and quantification of
TFA in food samples including gas chromatography
(GC), gas chromatography-mass spectrometry
(GC-MS), thin layer chromatography impregnated
with silver nitrate (Ag-TLC), liquid chromatography
impregnated with silver nitrate (Ag-LC) and Fourier
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transformed infrared spectroscopy (FT-IR). Each of
these methods exhibits advantages and drawbacks.
GC can be accomplished with equipment available
in many laboratories; it detects lower levels of TFA
and allows for the quantification of individual fatty
acids in the course of determining a full fatty acid
profile (Phillips et al., 2010; Juanéda et al., 2007,
Molkentin and Precht, 1995; Ratnayake and Beare-
Rogers, 1990; Ledoux et al., 2000; Huang et al.,
2006; Aro et al., 1998; Delmonte and Rader, 2007;
Tasan et al., 2011).

Ratnayake et al., (2002) discussed the temperature
sensitive resolution of cis/trans isomers of fatty acid
isomers in PHF on 100 m SP2560 and CP-Sil88
capillary columns on GC, which eventually lead to the
approval of AOCS Ce 1h-05 method for determination
of cis/trans fatty acids vegetable or non-ruminant
fats and oils (Ratnayake et al.,, 2006). An analysis of
ruminant fats including butter with shorter chain fatty
acids cannot be separated by this method. Moreover,
a single method cannot be applied to the same type
of column with different lengths. In this context, the
present study discusses the variations in resolution
between cis/trans isomers of major fatty acids along
with short chain fatty acids at different chromatographic
conditions on the 75 m SP 2560 column. We have also
compared the GC method with Ag-TLC coupled with
the GC method and highlighted its advantages and
disadvantages.

2. MATERIALS AND METHODS

2.1. Reagents and standards

Standards of fatty acids methyl esters (FAME)
(C4o Methyl butyrate, Cg, Methyl caproate, Cg,
Methyl capryllate, C,,, Methyl caprate, C,,, Methyl
laurate, C,,, Methyl myristate, C,,,-9c Methyl
myristoleate, C,,.-9t Methyl myristelaidate, Ciq,
Methyl palmitate, C,q-11c Methyl palmitoleate,
Cis1-11t  Methyl palmitelaidate, C,5, Methyl
stearate, C,q4-9c Methyl oleate, C,g-9t Methyl
elaidate, C,g,-11t Methyl vaccenate, C,4.,-9c, 12¢
linoleate (cis/trans isomer mixture), C,3,-9¢, 11¢ &
10c, 12c linoleate (CLA cis/trans isomer mixture),
Cig5-9c, 12c, 15c Methyl linolenate (cis/trans
isomer mixture), C,,, Methyl arachidate, C,,.; Methyl
eicosapentaenoate, C,,;Methyl docosahexanoate),
Supelco 37 component FAME standard mixture
were purchased from Sigma (Steinheim, Germany).
Silver nitrate (AgNQ,), Silica Gel ‘G’ for Thin layer
chromatography (TLC) with particle size 10-40
microns and TLC Aluminum sheets (20x20 cm)
with silica gel 60 F,5, and High Performance Liquid
Chromatography (HPLC) grade solvents were
purchased from Merck (Darmstadt, Germany).

2.2. Samples for study

For the present study partially hydrogenated fat
(PHF), butter, puff and cake samples were collected
from local market and subjected to further analysis.

2.3. ANALYTICAL METHODS

2.3.1. Sample preparation

Fat extraction was carried out according to
the Folch extraction method (Folch et al., 1957).
This method was selected as the reference for fat
extraction because of its mild working conditions,
which avoid potential alterations of the extracted
fat (Ruiz-dJiménez et al., 2004). Fatty acid methyl
esters (FAME) were prepared by esterifying them
with alcoholic sulfuric acid reagent according to the
International Union of Pure and Applied Chemistry
(IUPAC) procedure (IUPAC, 1987).

2.3.2. GC analysis

The FAME was analyzed using a Shimadzu
GC 2010 fitted with a split injector (250 °C) and
a flame ionization detector (FID 300 °C). A highly
polar cyanopropyl capillary column, SP-2560
(Supelco column 75m, 0.18mm i.d. with 0.14
pm film thickness) was used and operated at a)
isothermal program at 180 °C, b) time-temperature
program which included an 80 °C hold for 2 min to
200 °C with a 10 °C min™" raise, hold for 30 min.
followed by a further increase to 220 °C with a
10 °C min™" raise and hold for 20 min. This program
was selected after checking the resolution between
different cis/trans fatty acids at different time-
temperature ramping modes. Nitrogen was used
as carrier gas at a linear velocity of 13.0 cm s
Another experiment was performed using helium as
carrier gas to check the effect of the carrier gas on
the resolution between fatty acids at the same time-
temperature program mentioned above at a linear
velocity of 13.0 cm s and also at 17.0 cm s™'.
FAME were identified by comparing their retention
time with authentic standards, and the peaks were
quantified using digital integration according to
the AOCS official method Ce 1-62 (AOCS, 2003).
The fatty acid levels were reported as the relative
proportions of the total composition.

2.3.3. Resolution

Resolution (R;) is the measurement of separation
between two eluted peaks. Resolution is the most
important parameter to optimize a chromatographic
method. The resolution, R, between two peaks in a
chromatogram is usually calculated by,

Rs = 2(tR(2) - tR(1))/(Wh(1) + Wh(2)) (1)
Where tg;) and tg,) are the retention times of the

two peaks and w, and w,, are the corresponding
peak widths at half peak height (Ettre, 1993).

2.34. LOD and LOQ

Limit of detection (LOD) and limit of quantification
(LOQ) are important factors in the optimization in

96 GRASAS Y ACEITES, 64 (1), ENERO-MARZO, 95-102, 2013, 1ssN: 0017-3495, poi: 10.3989/gya.073312



SEPARATION OF CIS/TRANS FATTY ACID ISOMERS ON GAS CHROMATOGRAPHY COMPARED TO THE AG-TLC METHOD

any chromatographic analysis, which depends on
instrumental sensitivity. LOD and LOQ for TFA
analysis in this study were calculated by signal
to the noise ratio of individual FAME components
(Ettre, 1993).

2.3.5. Separation efficiency

In addition to the selectivity of a chromatographic
method for the particular compound of interest, the
efficiency should also be taken into consideration.
To evaluate the efficiency of an isothermal method,
separation factor (o) values are taken into account
and are calculated by,

o = trey/ta) ()

While, efficiency in a temperature programmed GC
is usually evaluated by the separation number, SN,
which is the number of peaks that can be resolved
between two members of a homologous series i.e
two fatty acids differ by one methylene group (for
example Ciuo, Cigo, Cigo OF Ciay Cigq, Ciag). SN is
usually calculated by,

SN = (tg 2+1) = tr @/ Wh(ze1)FWh(y) — 1 (3)

Where, tg, . 1yand tg, are the retention times of the
two homologous fatty acids and w,, , ,and w,, are
the corresponding peak widths at half peak height
(Ettre, 1993).

2.3.6. Ag-TLC method

Ag-TLC fractionation of FAME was performed
to separate the trans fraction from the cis fraction.
Preparative Ag-TLC plates were prepared by
incorporating 10% silver nitrate into the silica slurry
in distilled water and applied onto glass plates and
activated by drying at 100 °C for 1 hour (Morris,
1966). The FAME of PHF, butter, vaccenic and
elaidic acid were spotted onto Ag-TLC plates and
developed using hexane and diethyl ether in the
ratio 80:20. Saturated, cis and trans fractions were
located under U.V light and scrapped out from
the prepared TLC plate, further re-extracted using
hexane and further injected into GC.

3. RESULTS AND DISCUSSION

3.1. Effect of column temperature on resolution

In the isothermal program, the C,,, Ceo Csgyp
fatty acid peaks were eluted along with the solvent
peak at the early retention time (Figure 1a). We
have also observed less resolution between cis/
tfrans fatty acids with partial overlapping in the
isothermal program. But, in the time-temperature
program, there was a distinct separation among all
fatty acids including short chain fatty acids. High
initial temperatures in the GC program causes
overlapping of the solvent front and short chain fatty

acid peaks. This fact is the main cause of error in
fat analysis (Kramer et al., 2008). In the isothermal
program, resolution between cis/trans fatty acids
was <1.0 (Figure 1b) while, in time-temperature
program improved separation was observed.
Resolution between cis/trans isomers of C,,., fatty
acid was 2.9 and between cis/trans isomers of
C,e4 fatty acid was 1.8. Resolution between cis/
trans isomers of C,g.is an important factor in GC
analysis. It was 2.3 between C,q; 9t and C,5, 9C
(Figure 2a), while it was 1.8 between C,g, 11t and
Cig4 9c (Figure 2b). But the resolution between a
mixture of trans isomers i.e. between C,q., 9t and
Cigq 11t was 0.9 in the time-temperature program
and no resolution was observed in the isothermal
method. It has been found that a decrease in the
operating temperature (180 °C) allows for better
separation of the trans isomers of C,q., fatty acid
(Ratnayake et al., 2002). These results suggest that
the time-temperature program is preferable to an
isothermal program to separate cis/trans isomers of
oleic acid, which is predominant in PHF. Resolution
between C,q, tt and ct isomers was 3.6 and
between ctand tcisomers it was 1.5. The resolution
obtained between the C,q5isomers was >1. It was
3.9 between ttt and ttc isomers and 3.1 between ctt
and ctc isomers. The resolution between tct and ctt
isomers was 1.2. ttc and tct and ctc and tctisomers
were completely co-eluted (Figure 2c). These
results clearly indicate the higher efficiency of the
cyanopropyl column to separate fatty acid mixtures
in the time-temperature program.

The geometrical isomers of conjugated linoleic
acids (CLA), which are major compositions of

(a)

Solvent, C,, Cso Cig4 A9C

22 min 24
(b) C,g.0 iSOMers

tt

ct, tc

R LR R R SRS ARSI
18 20 22 24 min 26 28

Figure 1
Overlapping between fatty acids in isothermal method
(a) GC fatty acid profile of the puff sample (b) Separation
of cis/trans isomers of linoleic acid methyl ester standard
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ruminant derived foods, are difficult to separate by
the same method. So, there is a need to follow a
different method for the separation of CLA isomers,
especially in the analysis of milk and meat products
(Kramer et al., 2008). tt, ct and tc forms of CLA
(Cig0 A8 A10, Cyg, A9 A11 and C,g, A10 A12) are
not included in the definition of frans fat given by
the US FDA (U.S.FDA, 2003). So, CLA has no
significance with respective to the labeling of trans
fat contents. But, Negative effects of conjugated tt
isomers similar to non-conjugated tt isomers are
still making question marks regarding CLA and
trans fat definitions.

3.2. EFFECT OF CARRIER GAS AND LINEAR
VELOCITY ON RESOLUTION
Carrier gas is an important factor in chromatography

i.e. the separation and the elution order can change
when one carrier gas is substituted by another

@ Cie1 9

Cig2tt CygpcC c
Cono YV183 o Cygg

28 30 32 34

36 min 38

tt

Cg. iISOMers Cg.3 iISOMers

ot fc ttt

ttc, tct
ctt
cct ctc, tce .

CC

32 ' ' 34 min' 36

Figure 2
Separation of cis/trans isomers in time-temperature
programmed method (a) Partial GC profile
of 37 component fatty acid reference mixtures
(b) Fatty acid profile of butter (c) Separation
of standard C,5,and C,55 isomers.

(Berezkin et al., 2003). At the same linear velocity of
nitrogen and helium (13.0 cm s™), resolution between
cis/trans isomers of fatty acids was similar (Table 1).
There was not much change in the resolution or the total
run time when the linear velocity was increased. The
linear velocity range is more restricted by the choice of
length and inner diameter of the column relative to the
inlet pressure that the instrument can provide. Linear
velocity for GC column was optimized by the retention
time of an unretained peak and its length (Ettre, 1993).
In our study, we have observed that an increase in
linear velocity affects the resolution between cis/trans
isomers of fatty acids. Maintaining the medium linear
velocities gives good resolution between fatty acids
and total run time. Changing from helium to nitrogen
and maintaining the same linear velocity would not
change the elution pattern. Hydrogen can be used as
a carrier gas and it provides very good resolution with
a very short run time of analysis. Using hydrogen as a
carrier gas is included with risk of explosions, through
an electric spark igniting a buildup of gas caused by a
leak within the instrument (Christe, 1989). So, nitrogen
can be used as carrier gas instead of helium, because
it is widely available, inexpensive and recommended
for safety purposes.

3.3. LOD AND LOQ

LOD and LOQ in any analysis provide
the detection limit and quantification limits of
compounds of interest. In this study, the estimated
LOD and LOQ for individual TFA components were
0.002 mg mL™" and 0.006 mg mL™" respectively.
Lower detection limits and quantification limits
indicate higher instrumental sensitivity.

3.4. SEPARATION EFFICIENCY

The separation factor for the all fatty acids was >
1 in isothermal conditions. In the time-temperature
programmed method, the greater the separation
number, the greater the separation will be of
compounds in the column. Programmed methods
with SN <10 will show poor performance in GC
analysis. In the time-temperature programmed
method SN between myristic acid methyl ester and
palmitic acid methyl ester was 15, between palmitic
acid methyl ester and stearic acid methyl ester it
was 12. SN between myristoleic acid methyl ester
and palmitoleic acid methyl ester was 18. While, it
was 19 between palmitoleic acid methyl ester and
oleic acid methyl ester, this was reasonably good
separation efficiency.

3.5. EFFECT OF AG-TLC FRACTIONATION

TLC plate is generally used for confirmation of
trans-esterification reaction completion (Figure 3a).
TLC plates with silica gel 60 F,;, produce yellow-
green emissions, upon irradiating with short wave UV
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Table 1

Resolution between major fatty acids with different carrier gasses

Nitrogen as Carrier gas

Helium as Carrier gas

Fatty acid T RS iy R

Cuo 13.1 - 12.0 -

Ceo 14.8 14.8 13.3 11.2

Cso 17.0 22.1 14.0 24.5

Cioo 19.2 26.4 16.0 12.9

Cizo 21.3 27.2 18.0 13.1

Ciso 23.6 24.3 19.9 21.7

Cy4q A9t 23.8 8.3 20.8 9.6

Cy4q A9C 24.2 2.9 20.9 1.0

Ciso 26.4 8.6 22.1 9.5

Cigq A9t 27.3 5.8 22.9 5.3

Cye4 A9C 27.5 1.8 23.0 1.6

Cigo 29.9 3.8 24.9 3.5

Cigq A9t 30.9 4.7 (PHF) 25.5 4.7 (PHF)
Cigq A11L 31.0 4.2 (Butter) 25.7 3.4 (Butter)
Cian A9C 31.5 ?:g((AAPR) 26.0 ? g Ei??t)
Cigp A9t A12t 33.1 3.4 26.8 3.6

Cigo A9C A12t 33.6 3.6 27.3 3.6

Cigp A9t A12¢ 33.9 1.5 27.5 1.5

Cig0 A9C A12¢ 34.3 2.6 27.8 2.6

Cigs A9t A12t A15t 35.0 5.3 28.5 5.4

Cigs A9t A12t A15cC 35.9 3.9 29.1 4.3

Cig5 A9t A12c A15t 36.2 - 29.4 -

Cigs A9C A12t A15t 36.3 1.2 29.5 1.6

Cig3 A9C A12t A15c 36.9 3.1 30.0 1.2

Cias A9t A12¢ A15¢ 37.3 - 30.2 -

Cyg5 A9C A12¢ A15C 37.6 2.3 30.4 3.0

2 Retention time; ® Resolution

light (A = 254nm). It is due to an additive, a so-called
“fluorescence indicator”, e.g. manganese-activated
zinc silicate, that is usually mixed with the sorbent
(Elke Hahn-Deinstrop, 2006). Usually, Fatty acids do
not separate on a normal TLC plate (Figure 3a). But,
on an Ag-TLC plate, cis fatty acids form a complex
with silver ions on TLC, more strongly than trans fatty
acids. It is due to the steric hindrance of the trans
bond. It causes the trans fraction to separate from the
cis fraction, which elutes on the Ag-TLC plate. Due to
the lack of double bonds, mobility of saturated fatty
acids is higher, which elutes near the solvent front.
The order of separation of fatty acids is cis, trans and
saturated forms (Figure 3b). The Ag-TLC method
was found to be a good alternative for TFA analysis in
samples having interferences that cause inaccurate
results in the analysis of some complex food matrices
in cyanopropyl columns (Mjos and Haugsgjerd,
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2011). Common interferences for TFA analysis in
a cyanopropyl column are presented in Table 2.
Results have been published based on the separation
of linoleic and linolenic acid isomers through Ag-TLC
(Elke Hahn-Deinstrop, 2006). But, the GC method
could also successfully resolve cis/trans isomers
and also trans/trans isomers of C,g, and C,q, fatty
acids. But, the separation of the mixture of trans/trans
isomers of oleic acid i.e. C,g; A9t and C,q.; A11t by
the Ag-TLC method is still limited. Figure 4 shows
the co-elution of elaidic acid and vaccenic acid even
after separation on an Ag-TLC plate. Plate lengths,
activating time, the polarity of the solvent system are
other critical parameters that affect the separation
of cis/trans fatty acids on the Ag-TLC plate. Usually,
impregnated plates are activated at 110 °C for
30 min for thin layers or for 60 min for thicker layers
(1 mm). One serious difficulty in preparing plates is
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saturated
__—fraction

trans
P fraction

e cis fraction

. FAME Spot

Figure 3
(a) Separation of PHF and butter FAME on pre-coated TLC plate
(b) Separation of PHF and butter FAME on Preparative Ag-TLC plate.

caused by the interaction of the silver nitrate solution
with the metal of conventional plate spreaders.
This interaction has two effects; metallic silver is
precipitated onto the layers being prepared and the
spreader itself becomes rapidly pitted and corroded
until, eventually, it is useless (Morris, 1966). An
Ag-HPLC method for the separation of cis/trans
isomers has been reported (Momchilova et al., 1998).

C,g trans mixture

ot

11t

11t

'3;1 ' ' min
Figure 4

Separation of mixture of elaidic acid and vaccenic

acid on GC, before and after Ag-TLC fractionation.

Fractionation by liquid chromatography prior to GC
analysis can eliminate the co-elution of fatty acids
belonging to different classes, but incorrect practices
might lead to greater measurement errors than
those caused by the co-elution that affect the direct
GC analysis (Aro et al., 1998). So, the GC method
can be followed instead of Ag-TLC coupled with
the GC method for the analysis of a large number
of samples. But, in practice, it is difficult to separate
all uncommon geometrical isomers of fatty acids in
a GC column, which can be prepared chemically by
p-toluene sulfonic acid isomerization or single step
bromination and de-bromination. Recently, it has
been found that SLB-IL-111, a highly polar ionic liquid
coated capillary column can be used to separate cis/
trans and trans/trans isomers of conjugated and non-
conjugated fatty acids with less overlapping among
fatty acids by simple GC analysis (Ragonese et al.,
2009; Delmonte et al., 2011).

4. CONCLUSIONS

In this study, the separation of cis/trans isomers
of fatty acids was performed in a 75m SP2560
column. Improved separation of cis/trans isomers
of the Cy4 Cyey, Ciay, Ciap, Cigs fatty acids and
short chain fatty acids was observed in the time-
temperature program compared to the isothermal
program. The separation of a mixture of trans
isomers of oleic acid i.e. C,g; A9t and C,g, A11t
with high resolution through simple GC technique
is quite challenging. Ag-TLC fractionation prior
to applying the GC method was proven to be a
better option to analyze cis/trans isomers of fatty
acids accurately. But, the separation of a mixture
of trans isomers by further GC analysis is limited
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Table 2
Possible interferences in the TFA analysis in cyanopropyl columns

Trans fatty acid

Possible interference

Ci4.1 A9t (Myristelaidic acid)

Ci6.1 A9t (Palmitelaidc acid)

C,q.1 ABt (petroselaidic acid)
C,g4 A9t (elaidic acid)
C,g4 A11t (transvaccenic acid)

Cig2 A9t A12t (Linoleic acid trans forms)
Cig2A9C A12t
Cis2 A9t A12¢

a) cis 16:1n9

b) cis 16:1n11

c) Iso 17:0 (15-methyl hexadecanoic
acid)

d) ante-iso 17:0 (15-methyl
hexadecanoic acid)

e) Phytanic acid (3,7,11,15-Tetramethyl
hexadecanoic acid)

a) cis 16:3n3
b) cis 16:3n3
c) cis 16:4n3
d) cis 18:1n11

a) cis 16:4 n1
b) cis 16:4n3
c) 19:0

Cis2A7C A9c, A9c A11c & A10c A12c trans forms (it,

ct & tc forms) i.e CLA

21:0

(Not included in the definition of trans fat by USFDA)

C,s5 A9t A12t A15t (Linolenic acid trans forms)

Cig:s A9t A12t A15t

Cig3 A9t A12t A15c
Crgs A9t A12C A15t
Cigs A9C A12t A15t
Cigs A9C A12¢ A15t
C,s5 A9C A12t A15C
Cig5 A9t A12c A15C

C,o.4 A13t (Brassidic acid)

C,05 A5 A8 A11 A14 A17 (EPA) trans forms

C,p6 A4 A7 A10 A13 A16 A19 (DHA) trans forms

a) cis 18:3 n4
b) cis 18:3 n6
c) cis 20:0

d) cis 20:1 n9
e) cis 20:1 n11

a) 20:4n3
b) 22:0
c) 22:1

especially for C,;; FAME isomers. Moreover,
the Ag-TLC method is more expensive and time
consuming. A highly polar cyanopropyl column can
be used for the analysis of TFA with a simple GC
technique for a large number of samples. This work
also suggests that the chromatographers’ need to
optimize the methods for TFA analysis depends on
the column length.
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