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Abstract: The aim of current study was the application of GC method for separation of
Docosahexaenoic acid and Eicosahexaenoic acid from other fatty acids in food
supplements and their further determination by percentage method. This method for
quantitative analysis is based on the measuring of the area of all peaks in the
chromatogram of the hydrolyzed and methylated samples and calculation of their sum,
whereby the area of each peak is calculated as a percentage of the total area of the
chromatographic peaks. After hydrolysis of fatty acid esters, the free forms were
preesterificated with methanol solution of 14 % boron trifluoride. For separation of
Docosahexaenoic acid and Eicosahexaenoic acid from other fatty acids was applied GC
method: flow rate of carrier gas: hydrogen: 45 ml/min., inlet pressure: 15 Psi, temperature
programm: 140 °C for 5 min, increasing the temperature to 240 °C at a rate of 4 °C/min,
240 °C for 20 min, increasing the temperature to 280 °C at a rate of 6 °C/min and 280 °C
for 10 min. The suitability of the system was confirmed by the lack of a statistically
significant difference between the values of the chromatographic parameter retention time
in the analysis of Methylmyristate (SD = 0.185, RSD = 1.22 %), Methylpentadecanoate
(SD = 0.39, RSD = 2.18 %), Methylheptadecanoate (SD = 0.31, RSD = 1.34 %),
Methyldocosahexanoate (SD = 0.017, RSD = 0.05 %), Methyleicosapentaenoate (SD =
0.013, RSD = 0.04 %), Methylbehenate (SD = 0.15, RSD = 0.43 %), Methylerucate (SD
=0.13, RSD = 0.37 %. Maximum concentration was found for Methyleicosapentaenoate
(20.58 %) and minimun concentration was observed for Methylnonadecanoate (0.30 %).
The described GC persentage method can be applied for rutine analysis of
Docosahexaenoic acid and Eicosahexaenoic acid in combination with other fatty acids in
food additives.

Keywords: Docosahexaenoic acid, Eicosahexaenoic acid, GC, persentage method, food
supplements.

INTRODUCTION

during pregnancy and lactation [16] and is important for

Omega-3 fatty acids are now generally
recognized as potential nutrients for the prevention of
the pathological conditions associated to the aging
process, cognition and bone health [1]. In humans ®-3
fatty acids decrease the inflammation [2, 3], are
important for the neurodevelopment [4, 5] and the
prevention of cognitive decline [6] and reduce the
abnormal heart rhythm [7], attacks and stroke in people
with heart disease [8]. Omega-3 fatty acids possess
hypotriglyceridemic effect in type 2 diabetes [9] and
have beneficial properties in Crohn disease [10] and
chronic obstructive pulmonary disease [11]. By clinical
Diet and Re-infarction Trial (DART) is proved their
antiarrhythmic effects and role in decreasing of total
mortality and sudden death in patients with myocardial
infarction [12]. Docosahexaenoic acid (DHA) is
important for function of nervous system [13, 14],
improves cognitive decline in elderly people with mild
Alzheimer's disease [15], shows beneficial effects

neurodevelopment in infants [17].

For the determination of free fatty acids
fourier-transform infrared spectroscopy is presented
[18]. Fatty acids of plasma lipids are separated by thin-
layer chromatographic method by developing of plates
with methanol, followed by chloroform: methanol = 10:
10 v/v and then in hexane: diethyl ether: acetic acid =
80: 20 : 1 viviv [19]. Capillary zone electrophoresis is
appropriate for monitoring of total trans fatty acids in
cheese [20] and in hydrogenated oils [21]. For analysis
of fatty acids are applied non-aqueous capillary
electrophoresis by indirect UV-detection [22], micellar
electrokinetic chromatography under UV-detection
[23], capillary zone electrophoresis, microemulsion
electrokinetic chromatography employing different
detection systems, such as ultraviolet-visible,
capacitively coupled contactless conductivity, laser-
induced fluorescence and mass spectrometry [24].
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GC method is applied for the identification of
components of different plant extract: from roots of
Rubia cardifolia [25] and leaves of Cassia angustifolia
Vahl [26], Catharanthus roseus [27], Rhododendron
arboreum [28] and Teucrium capitatum L. [29].

For the identification of components of extract
of roots of Rubia cardifolia is applied GC with capillary
column ZB-5 (30 m x 0.25 mm x 0.25 um); oven
temperature: initially maintained at 50 °C for 5 min and
then programmed to 250 °C at 10 °C/min; carrier gas:
helium at a flow rate of 1 ml/min; electron-impact
ionization of the MS [25].

The GC-MS analysis of the extract of the
leaves of Cassia angustifolia Vahl is performed at
capillary column (phenyl methyl siloxane: 25 m x 0.25
mm); oven temperature: 80 °C/2 min to 280 °C at 40
°C/min, detector temperature: 280 °C, carrier gas:
helium with a flow rate : 0.9 ml/min [26].

For the analysis of extract of leaves of
Rhododendron arboreum is proposed GC method with
column (30 mm x 0.25 mm x 0.25 pm); column initial
temperature: 80 °C/ 3 min, further programmed to
increase to 280 °C with rate of 10°C/min; temperature
of the injector: 250 °C; carrier gas: helium [28].

The chemical composition of the essential oil
extracted from the leaves of Theuctium capitatum L. is
obtained by GC with capillary column HP -5 (30 m x
0.25 mm x 0.25 um); temperature of the column: from
20 °C to 230 °C at 20°C/min; carrier gas: helium with a
flow rate: 1.5 ml/min [29].

Gas chromatography (GC) methods with flame
ionization detector and mass (MS) detector with
electron impact ionization are the most widely used
techniques for the determination of the fatty acids [30].
GC/MS is applied for analysis of Trans fatty acid [30],
fatty acids in food fats [31] and in biological samples
[32].

In biological samples is applied GC with BPX-
70 fused silica capillary column (30 m x 0.25 mm x
0.2 um); temperature programme: initial column
temperature 100 °C, programmed to increase at a rate of
10 °C/minup to 160 °C and then at 3 °C/minup to
220 °C, injector temperature: 260 °C; detector
temperature: 280 °C; carrier gas: helium at a flow rate
of 1 min [32].

The aim of current study was the application of
GC method for separation of Docosahexaenoic acid
and Eicosahexaenoic (EPA) acid from other fatty acids
in food supplements and their further determination by
percentage method. After hydrolysis of fatty acid esters,
the free forms were preesterificated with methanol
solution of 14 % boron trifluoride.

MATERIALS
Reference substances

Docosahexaenoic acid (= 98% for GC) (Sigma
Aldrich, N:D2534), Methyldocosahexanoate (Sigma
Aldrich, N:D5518), Methyleicosapentaenoate (Sigma
Aldrich, N:17266), Nonadecanoic acid (Serva,
N:72332), Methyl Nonadecanoate (Serva, N:74208),
Methylmyristate ~ (Sigma  Aldrich, N:M3378),
Methylpentadecanoate (Sigma Aldrich, N:P6250),
Methylheptadecanoate (Sigma Aldrich, N:H 4515),
Methylheneicosanoate (Sigma Aldrich, N: 51535),
Methyl Behenate (Serva, N:855278), Methyl Erucate
(Merck N:E 3385), Methyl Lignocerate (Sigma Aldrich,
N:L 6766).

Reagents with analytical grade quality

Derivatizing reagent: boron trifluoride (99.5%)
(Sigma Aldrich, N:339963); n-hexane (Valerus, N:UN
1208); isooctane (99.7%) (Sigma Aldrich, N:59030);
methanol (99.9%) (Sigma Aldrich, N: SZBD 063AV
UN 1230); nitrogen (Messer Grisheim, N: 00474);
potassium hydroxide (Fluka, N:757 551).

Food supplements (Table 1)

Table-1: Food supplements containing fatty acids

N: Food supplement Produser Content
1. | Doppelherz Omera-3 | Doppelherz 120 mg DHA (12%)/180 mg EPA (18%)
aktiv + Vit. E caps.
2. | Omega-3, 6, 9 caps. Ramkopharm | 51 mg Omega-3; 105 mg Omega-6
111 mg Omega-9
100 mg Oil Semeni Linum usitatissimum
100 mg Oil Semeni Carthamus tinctorius
100 mg Oil Semeni Camellia oleifera
3. | Omega-3 + Vit. E Jamieson 15 mi:
Solution 300 mg EPA, 400 mg DHA
600 mg Vitamin E, 25 ug Vitamin D
4. | Norwegian Fish Oil ABO Pharma | 120 mg DHA (12%)/180 mg EPA (18%)
12/18 1000 mg caps.
5. | Omega 3 Forte Adipharm 1000 mg Omega-3 (Salmon oil)
1000 mg caps. 120 mg DHA (12%)/180 mg EPA (18%)
10 mg Alfa-tocopherol acetate
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METHODS Gas chromatography
Equipment

Gas chromatograph” Autosystem” (Perkin
Elmer, USA), equipped with a split-splitter injector,
flame ionization detector, capillary column ZB-1701
(cyanopropyl-methylsilylsiloxane) (30 m xx 0.25 mm x
0.25 um) (Phenomenex inc.); hydrogen generator
(HGH-300E, Beijing uiland, China); compressor for
compressed air with a system of filters; analytical
balance; air thermostat.

Gas chromatographic conditions

Carrier gas hydrogen with flow rate: 45
ml/min., inlet pressure of carrier gas 15 Psi and
temperature programm: maintaining at 140 °C for 5
min, increasing the temperature to 240 °C at a rate of 4
°C/min., holding on at 240 °C for 20 min, increasing the
temperature to 280 °C at a rate of 6 °C/min. maintaining
at at 280 °C for 10 min.

Preparation of sample for determination of DHA,
EPA and other fatty acid content

After hydrolysis with solution of potassium
hydroxide of esters of fatty acids in fish oil food
supplements, their free forms were preesterificated with
methanol solution of 14 % boron trifluoride by the
following analytical procedure: in a glass reaction
vessel of 6 ml were introduced 200 pl of in isooctane
solution of Nonadecanoic acid (C19/0) used as an
internal standard. The solvent was removed by gently
flushing with nitrogen at room temperature and then
into the vessel were added 2 ml of precooled reagent:
14 % boron trifluoride in methanol. The reaction
vessels were immediately sealed with teflon laminated
septum and purged with nitrogen by two needles (inlet
and outlet). Nitrogen used as protection gas ensures less
oxidation and higher stability of the constituent
contents. Purging should be short in order to avoid
reducing the concentration of boron trifluoride in
methanol. Into the vessel were added 5 pl of sample of
fish oil. Sample was incubated for 12 min. at 65 °C and
after cooling was added 1 ml distilled water and 1 ml n-
hexane. The samples were shaken for 1-2 min for an
extraction of the methylated acids, transfered rapidly to
10 ml tubes and after separation of the phases, 200 pl of
n-hexane extract was introduced in an autosampler
container. Aliquots of the methylated acid extract (1 ul)
are introduced into the gas chromatograph for analysis.

RESULTS AND DISCUSSION

In the natural products fatty acids are present
in free form and in connected forms, such as
triglycerides,  phospholipids, and others. The
determination of the total content of Omega-3 fatty
acids requires hydrolysis of connected forms and
methylation of the free fatty acids. This is necessary for
providing of conditions for possible complete
hydrolysis and methylation as well as for the protection

of polyunsaturated fatty acids from oxidation, to which
they are particularly sensitive.

For qualitative and quantitative analysis of fish
oil is reported GC/MS method at DB-5 capillary
column (30 m x 0.25 mm x 0.25 um); carrier gas
helium with flow rate of 0.8 ml/min; injection volume:
1 pl; injector mode: split with a split ratio: 10 : 1;
temperature programme: maintaining the oven 1 min at
80 °C, and increasing at a rate of 10 °C/min to 250 °C,
reaching 280 °C at a rate of 8 °C/min and maintaining 5
min at 280 °C; mass spectrometer in electron-impact
mode (200 °C) with electron energy: 70 eV. In this
methods fish oil is hydrolized in 0.5 M potassium
hydroxide methanol solution at 60 °C for 20 min and by
the esterification boron trifluoride methanol solution at
60 °C for 5 min, are obtained a volatile methyl esters
[33].

For analysis of Docosahexaenoic acid from
fish oil is described other GC method by using silica
capillary column (30 m x 0.25 mm x 0.25 um), carrier
gas nitrogen, with flow rate 2 ml/min., injection
volume: 1 pl, injector mode: split, injector temperature
70 °C, flame ionization detector, oven temperature 110
°C [34].

In previous our investigation after application
of GC method with inlet pressure of carrier gas
hydrogen: 10 Psi and temperature gradient: from 60 °C
to 135 °C for mixture of Methyl Laurate, Methyl
Palmitate, Methyl Heptadecanoate, Methyl Stearate,
Methyl Nonadecanoate, Methyl Behenate, Methyl
Lignocerate, Methyl Hexacosanoate, Methyl
Palmitoleate, Methyl Oleate, Methyl Linolenate, was
obtained good separation for all methyl esters,
excluding of critical couple of methyl esters of Stearic
acid and Linoleic acid. For the optimization of their
separation were found the more suitable conditions:
inlet pressure of carrier gas was changed from 10 Psi to
15 Psi and temperature gradient was modified from 60
°C to 160 °C. By this method methyl esters of Stearic
acid and Linolenic acids were separated completely, but
the separation of the esters of Oleic acid and Linoleic
acid was not satisfactory. In previous our wotk it is
proved that GC Method 3 with inlet pressure of carrier
gas 15 Psi and temperature program from 140 °C to 280
°C, provide completely separation of all methyl esters
of fatty acids, inluding methyl esters of Oleic acid and
Linoleic acid and can be applied for rutine analysis of
fatty acids in food additives, after derivatization to
methyl esters. In the difference with the described
literature GC methods in our investigation after is
applied hydrolysis and preesterification of free fatty
acids is applied GC method with split-splitter injector,
capillary column ZB-1701
(cyanopropylmethylsilylsiloxane) (30 m x 0.25 mm x
0.25 pm); carrier gas: hydrogen: 45 ml/min (inlet
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pressure 15 Psi), flame ionization detector and the
temperature program of from 140 °C to 280 °C [35].

Selectivity
A blank solution without the active substance
DHA and internal standard Nonadecanoic acid was

prepared in the same manner like sample solutions. The
selectivity of the applied GC method [36] was proved
by the fact that on the chromatograms with blank
solution there was no peak with retention time,
corresponding to the retention times of fatty acids. The
obtained chromatograms are presented in Fig. 1-5.
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Fig-5: GC chromatogram of food supplement Omega 3 Forte 1000 mg caps

Qualitative analysis

The available options allow the identification
of the peaks of the methylated fatty acids by comparing
the retention times with the available comparative
standarts of methyl esters: Methyldocosahexanoate,
Methyleicosapentaenoate, Methyl  Nonadecanoate,
Methylmyristate, Methylpentadecanoate,
Methylheptadecanoate, Methylheneicosanoate, Methyl
Behenate, Methyl Erucate, and Methyl Lignocerate.

Test for system suitability

The results for retention times (tg) and
Chauvenet’s criterion for tg are summarized in Table 2.
for Methylmyristate (MM), Methylpentadecanoate
(MPDA) and Methylheptadecanoate (MHDA) and in
Table 3. for Methyldocosahexanoate (MDHA),
Methyleicosapentaenoate (MEPA). Methylbehenate
(MB) and Methylerucate (ME).

the calculated
lower than the

For all of the samples
Chauvenet’s criterion for tg are
maximum value (Umax = 1.68, n = 3).

Table-2: Retention times for Methylmyristate (MM), Methylpentadecanoate (MPDA) and Methylheptadecanoate

(MHDA)
N: trR MM U mm tr MPDA U mrpa trR MHDA U mHpa
[min.] [min.] [min.]
Doppelherz Omera-3 aktiv + 15.188 0.24 17.851 0.04 22.900 0.70
Vit. E caps.
Omega-3, 6, 9 caps. 15.179 0.19 17.844 0.05 22.909 0.67
Omega-3 + Vit. E solution 15.198 0.30 17.856 0.02 22.920 0.63
Norwegian Fish Qil 14.828 1.70 17.332 1.37 23.246 0.42
12/18 1000 mg caps.
Omega 3 Forte 1000 mg caps. 15.320 0.96 18.441 1.48 23.604 1.57
% 15.143 17.865 23.116
SD 0.185 0.39 0.31
RSD [%] 1.22 2.18 1.34
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Table-3: Retention times for Methyldocosahexanoate (MDHA), Methyleicosa- Pentaenoate (MEPA),

Methylbehenate (MB) and Methylerucate (ME)
u U

N: trR MDHA tR MEPA tr B U wve tr ME U e
[min ] MDHA [min ] MEPA tr [min.] tr [Min.]
Doppelherz Omera-3 | 34.562 0.65 29.450 0.54 34.884 1.15 34.683 1.13
aktiv + Vit. E caps.
Omega-3, 6, 9 caps. 34.564 0.53 29.448 0.69 35.131 0.49 34.888 0.45
Omega-3 Select 34.592 1.12 29.472 1.15 35.155 0.65 34.919 0.68
Softgel
_ 34.573 29.457 35.057 34.830
X
SD 0.017 0.013 0.15 0.13
RSD [%] 0.05 0.04 0.43 0.37

The suitability of the system was confirmed by
the lack of a statistically significant difference between
the values of the chromatographic parameter retention
time in the analysis of Methylmyristate (SD = 0.185,
RSD = 1.22 %), Methylpentadecanoate (SD = 0.39,
RSD = 2.18 %), Methylheptadecanoate (SD = 0.31,
RSD = 1.34 %) (Table 2.); Methyldocosahexanoate (SD
=0.017, RSD = 0.05 %); Methyleicosapentaenoate (SD
= 0.013, RSD = 0.04 %; Methylbehenate (SD = 0.15,
RSD = 0.43 % Methylerucate (SD = 0.13, RSD = 0.37
% (Table 3.).

Quantitative analysis

The quantitative analysis can be accomplished
as well by comparison of the chromatographic peak
areas of the components of the test sample with
comparative reference standard, having a known
quantity, by using of methods of the external standard
or the internal standard, and by the application of the
method of the assessment of the relative values of the
chromatographic peak areas of analytes to the sum of
the areas of all of the components of the analyzed

sanple, when they all are exhibited in the chromatogram
and their analytical signals are comparable in intensity.

In the case of analysis of the investigated in the
present work fatty acids, the application of GC method
with flame ionization detector, provide practically the
same respons factors of the signal and for the
determination of the content the methyl esters is
suitable and appropriate for administration a percentage
method.

This method for quantitative analysis is based
on the measuring of the area of all peaks in the
chromatogram of the hydrolyzed and methylated
samples and calculation of the sum, whereby the area of
each peak is calculated as a percentage of the total area
of the chromatographic peaks.

For analytical samples with entirely volatile
components and in case of using of a flame ionization
detector, relative peak areas correspond to their
percentage content in the analyzed object (Table 4-
Table 8)

Table-4: Retention times, peak areas and content of fatty acids methyl esters in food Supplement Dopppelherz
Omega-3 Aktiv + Vit. E caps

N: Methy! ester tzr [min.] A A [%] C [%]
1. Methylmyristate 15.188 7308.37 4.15 4.18
2. Methylpentadecanoate 17.851 793.91 0.45 0.45
3. Methylheptadecanoate 22.900 1244.24 0.71 0.00
4. Methylnonadecanoate 26.148 476.46 0.27 0.27
5. Methyleicosapentaenoate 29.450 26348.09 | 14.95 15.06
6. Methyldocosahexanoate 34.562 13821.02 7.84 7.90
7. Methylerucate 34.683 11048.26 6.27 6.31
8. Methylbehenate 34.884 2860.23 1.62 1.63
9. Methyllignocerate 38.404 655.68 0.37 0.37
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Table-5: Retention times, peak areas and content of fatty acids methyl esters in food Supplement Omega-3, 6, 9

caps

N: | Methyl ester tgr [min.] A A [%] C [%]
1. Methylmyristate 15.179 15762.49 8.47 8.55
2. Methylpentadecanoate 17.844 1273.16 0.68 0.69
3. Methylheptadecanoate 22.909 1724.91 0.93 0.00
4. Methylnonadecanoate 26.138 549.48 0.30 0.30
5. Methyleicosapentaenoate 29.448 32866.03 | 17.67 17.83

6. Methylheneicosanoate 31.975 1135.18 0.61 0.62
7. Methyldocosahexanoate 34.564 14756.01 7.93 8.01
8. Methylerucate 34.888 3410.13 1.83 1.85
9. Methylbehenate 35.131 1176.27 0.63 0.64
10. | Methyllignocerate 38.404 1946.56 1.05 1.06

Table-6: Retention times, peak areas and content of fatty acids methyl esters in food supplement Omega-3 + Vit. E
Solution

N: Methy! ester tr [min.] A A [%] C [%]
1. Methylmyristate 15.198 20507.55 8.33 8.46
2. Methylpentadecanoate 17.856 1477.74 0.60 0.61
3. Methylheptadecanoate 22.920 1197.53 0.49 0.00
4, Methyleicosapentaenoate 29.472 43292.09 | 17.59 17.86

5. Methylheneicosanoate 31.992 1524.21 0.62 0.63
6. Methyldocosahexanoate 34.592 24660.61 | 10.02 10.17

7. Methylerucate 34.919 4737.36 1.93 1.95
8. Methylbehenate 35.155 1478.43 0.60 0.61
9. Methyllignocerate 38.417 1497.00 0.61 0.62

Table-7: Retention times, peak areas and content of fatty acids methyl esters in food Supplement Norwegian fish
o0il 12/18 1000 mg caps

N: Methy! ester tr [min.] A A [%] C [%]
1. Methylmyristate 14.828 3337.23 6.31 6.42
2. Methylpentadecanoate 17.332 275.82 0.52 0.53
3. Methylheptadecanoate 23.246 341.18 0.65 0.66
4, Methylnonadecanoate 26.128 65.73 0.12 0.13
5. Methyleicosapentaenoate 28.598 10191.58 19.28 19.60
6. Methyldocosahexanoate 31.399 5542.15 10.48 10.66
7. Methylerucate 31.538 1055.07 2.00 2.03
8. Methyllignocerate 33.675 377.95 0.71 0.73

Table-8: Retention times, peak areas and content of fatty acids methyl esters in food supplement Omrga-3 Forte
1000 mg caps

N: | Methyl ester tr [min.] A A[%] | C[%]
1. | Methylmyristate 15.320 | 474545 | 6.19 6.30
2. | Methylpentadecanoate 18.441 399.03 | 0.52 0.53
3. | Methylheptadecanoate 26.604 390.83 | 0.51 0.52
4. | Methylnonadecanoate 32.215 97.74 | 0.13 0.13
5. | Methyleicosapentaenoate | 36.865 | 15507.24 | 20.23 20.58
6. | Methyldocosahexanoate 41924 | 8978.30 | 11.71 11.92
7. | Methylerucate 42.151 992.31 | 1.29 1.31
On Table 9 are summarized the experimental minimum and maximum quantity of methyl esters of
results for the obtained by the applied GC method fatty acids in food supplements.
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Table-9: Minimum and maximfum content of fatty acids methyl esters in food Supplements

CONCLUSION

In the analysed food supplement the maximum
concentration was found for Methyleicosapentaenoate
(20.58 %) and Methyldocosahexanoate (11.92 %) and
the minimun concentration was observed for:
Methylheptadecanoate (0%), Methylnonadecanoate
(0.13%); Methylpentadecanoate (0.45 %).

The method is useful for identification and
determination of the content of Omega-3 fatty acids in
certain food additives.
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