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Abstract: A modification of a procedure for the determination of fatty acids: palmitic (Cy40), stearic
(C5.0). oleic (Cyxy), linoleic (Cg.~), arachidic (Cso.g), behenic (Caay), and lignoceric (Cayp), In peanut eii
by capillary gas chromatography is presented. After the exwaction of lipids from peanut beans.
saponification and isolation of fauy acids was made, fatty acids were converted to methyl esters
(FAMES), which were purificd and after that separated by capillary gas chromatography. Preparation of
FAMES was done with a methanolic solution of sulphuric acid instead of the more commen uscd
saponification agent BF; which has corrosive properties. The purification of the FAMES was performed
by column chromatography using XAD?2 resin as an adsorbent. The recovery of the method varied from
39.3 % tor palmitic acid (relative standard deviation, RSD. 4.2 %) to 97.3:% for lauric acid (RSD 2.5
%). Using this method 20 different peanut samples from the Strumica region, Macedonia, were analysed
on the content of fatty acids.
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The newest trend in the food processing industry is notifying the composition of edible
oils and other food commodities on the content of each individual fatty acid. Therefore a
demand for quantitative methods for fatty acid analysis in food products exists. Although
official AOAC methods [1] in some cases propose spectrometric methods, most of the
methods reported in the literature involve gas chromatographic separation and quantification
of the individual fatty acids after their isolation from lipids [2-5].

In this paper, a modification of a procedure for palmitic acid (Cie.), stearic acid
(C1s:0). oleic acid (Cys.p), linoleic acid (C,g.2), arachidic acid (Cao.), behenic acid (Caag). and
lignoceric acid (Cayo). in peanut oil by capillary gas chromatography is presented. After the
extraction of lipids from peanut beans, saponification and isolation of fatty acids, preparation,
purification and separation of fatty acids methyl esters (FAMES) by capillary gas
chromatography was performed.

2. EXPERIMENTAL

2.1. Instrumental

HP model 5890 series I (plus) gas chromatograph equipped with an HP automatic
liquid sampler and a flame ionization detector (FID) was used with a fused silica capillary
column (30 m x 0.32 mm i.d., 1 um film thickness) coated with 100% poly(dimethyisiloxane),
commercially available as SPB™.1 (Supelco). The carrier gas (N,) flow rate was 1.5 mL'min’
' and the split ratio was 1:10. The injection port was maintained at 250 OC and the FID at 280
% Oven temperature was set at 200 °c (1 min) increasing for 5 %Cmin”'. The final oven
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temperature was maintained at 250 °C (20 min). Aliquots of the derivatized extracts were
injected into the column. Identification of the individual fatty acid methyl esters was achieved
by comparison with reference standards.

2.2. Reagents and standards

All solvents and standards were of analytical grade (Merck). The fatty acid standard oil
was obtained from Supelco. Amberlite XAD-2 resin (20-50 mesh) was obtained from Rohm
and Haas (USA). Stock solutions of fatty acids, FAMES and of internal standard were

prepared in acetone.

2.3. Procedure

2 g of the ground sample was introduced to the Soxhlet extractor and lipids were
extracted (8-10 h) with petroleum ether (40-80 °C). When extraction was complete, the
solvent was removed under a reduced pressure at 30 °C using a rotary evaporator and the total
lipids were calculated. Aliquots of lipid extracts (0.1-0.2 g) were hydrolysed in 2.5 mL
methanolic KOH (0.5 mol'L"' solution by refluxing for 35 minutes at 100 °C in tightly sealed
Pyrex tubes. After cooling the pH value of the solution was adjusted to 3 with 25% HCI (V/V)
and fatty acids were extracted into 10 mL of petroleum ether.

The organic phase was evaporated to dryness under nitrogen. Fatty acids were
dissolved in 0.2 mol’L"' H,SO, prepared in anhydrous methanol. Methylation was performed
by refluxing (10 min) at 90 °C. After cooling the solution containing FAMES it was filled up
to 25 mL with methanol. 5 mL of FAMES extract was applied to the XAD-2 column. The
solution was drained under vacuum. The column was washed with 15 mL of distilled water,

drained under vacuum and elution was performed with 25 mL of acetone.

3. RESULTS AND DISCUSSION

Most of the analytical methods include the official AOAC method {1-4] for the determination of fatty
acids in oils use boron trifluoride (BF;) in methanol for esterification and preparation of FAMES. BF; is a
corrosive agent. Therefore the aim of our work was to establish a reliable and applicable analytical method for
routine analysis of fatty acids in peanut oil without use of BF; for esterification. For that purpose it was necessary
to perform saponification of fatty acids, which was done with 0.5 mol'L"' KOH in ethanol. Fatty acids were
liberated by adding HCI (25%) to pH 3 and esterified in the presence of methanolic H,SO,. Unsaponifiables werc
removed using XAD-2 column chromatography. Elution of FAMES from the resin was performed by acetone.
XAD-2 has already been used as an adsorbent in the analysis of drugs of abuse [6], synthetic food colourings [7]
etc., but we have found it to be satisfactory adsorbent of FAMES as well.

A recovery test of the method was made with standard mixed oil with the final concen-
tration of fatty acids which was: palmitic acid 10 %; stearic acid 5 %; oleic acid 60 %; linoleic
acid 20.0 %; arachidic acid 1.0 %; behenic acid 3 % and lignoceric acid 1.0 %. Ten
milligrams of lauric acid (Ci,) was added to the oil mixture as an internal standard.
Analytical recoveries and relative standard deviation (RSD) obtained after saponification and
methylation of fatty acids, purification of FAMES and their gas chromatographic separation
are satisfactory (relative standard deviation, RSD, ranges from 3-4.5 % and the recovery from
89.2 % for Palmitic acid to 97 % for lignoceric acid). Using this method the investigated fatty
acids were determined in some peanut samples using a standard addition method. The limit of
detection ranges from 0.10 % for lignoceric acid to 0.25 % for linoleic acid).
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Applying proposed procedure fatty acids were determined in 20 samples of peanuts
from the region of Strumica, Macedonia. The obtained results show (Table I) that oleic acid
Cis1 accounted the 58.9 % of total fatty acids. The major saturated fatty acid was palmitic acid

(:j 16:0

Table L. Fatty acid composition of mature peanut beans

Fatty acid Mean content of total fatty acids (%) RSD (%)
Palmitic acid (Cyg.0) 7.8 4.0
Stearic acid (Cyqq) 3.2 4.3
Oleic acid (Cyx 1) 58.9 5.0
Linoleic acid (Cy ) 23.2 32
Arachidic acid (Can) 1.4 34
Behenic acid (Car 2.3 3.0
Lignoceric acid (Cayy) 1.0 3.2
I Unknown 2.2 2.0

The use a nonpolar methylsilicone column and the column temperature cradient
- - = o SRS I 0 =n 0 . : : :
ratsing for 5 "Cmin™ from 200 °C to 250 "C during chromatographic separation provedes good

separation of investigated fatty acids within a relatively short time of 20 minutes (Fie. 1),
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Figure |. Chromatogram of fatty acids in peanut oil on SPB™.
I lauric acid. internal standard (C)2.); 2. palmitic acid (Chre:): 3. hinoleic acid (Ciga):
+. oleic acid (Cyy.1): 5. stearic acid (Cg.0); 6. arachidic acid (Cagg): 7. behenic acid (Caap): 8.
lignoceric acid (Cay.)

453

Aranudtiveea xeaga



16™ Congress of the Chemists and Technologists of Macedonia, Skopje, 28-30 October, 1999

~

References

1. Official methods of analysis of AOAC International, 16th Edn., Washington D.C., 1990.

2. M. T. Satue and M. C. Lopez, Food Chem. 57, 359 (1996).

3. P. Siddhuraju, K. Vijayakumari and K. Janardhanan, Food Chem. 57, 385 (1996).

4. A. A. Al-Othman, H. A. El-Fawaz, F. M. Hewdy, and N. M. Abdullah, Food Chem. 57,211 (1996).
5. C. de Jong and H.T.Badings, J. High Res. Chromatog. 139, 94 (1990).

6. M. J. Fujimoto and R. 1. H. Wang, J. Chromatogr.71, 549 (1972).

7. V. Rizova and T. Stafilov, Anal. Lerr. 28, 1305 (1995).

AncrpakT. [lpe3eHTHpaHa e MogH@HKanHja Ha METONA 3a ONpefe/lyBame Ha MacHHTe
xucenuuy: nanmutuHcka (Cigo), cTeapuscka (Cigo), onenncka (Cg,), nuaonenHcka (Cig.»), apaxHAHHCKa
(Capo). Oexenmuna (Cy.) u nuraouepuHcka (Ciyp), BO Macyio OfI KHKHDWKH CO KalijlapHa racHa
xpomaTtorpacduja. [lo  excTpakudja Ha JHIMOAMTE Of 3pHaTa Ha KHKHDHKH. H3BpileHa ¢&
canoHuGHKaUMja H U30/al{ja Ha MaCHUTEe KHCEJHHU. HHBHO NpeBedyBame BO MeTHa ecTph (FAMES),
NPEUHCTYBAKE Ha METHJ eCTpHTEe M HHUBHO H3[BOjyBame CO KaNMjapHa racHa XpomaTorpaduja.
MeTHANPaLETO HA MACHHTE KMCENWHH € BPLIEHO CO METaHOJIEH pacTBOP Ha CyiadypHa KICEINHA, CO
wmTo e u3bernata yrnorpedaTa Ha HajueCTO KOPHCTEHHOT peareHc 3a AepusaTHzamija BFi. xoj unma
KOPO3HBHH OCOOHHH. [1peUHCTYBaeTO Ha METHIT ECTPUTE ¢ BPUIEHO CO CTOMOHA XpoMaTorpadlja. Ipi
WITO Kako aTcopbeHc e KopucTeHa cMonaTa XAD2. AHATHTHUKHOT [IPHHOC Ha METOJAaTa €€ ABIHIKN O]
9,3 9 3a maAMHTHHCKA KHceAuHa (pejaTHBHa CTaHmapgHa fesujamja. RSD. 42 %) mo 973 % za
naypincka kucemnda (RSD 2,8 %). Co npuneHa Ha oBaa METORA M3BPILIEHO € ONPEAesyBarbe Ha
MAaCHITE KMCeNHHH Kaj 20 npuMeponn Ha KUKHPHKHA O CTPYMUYKHOT PETHOH.

454 Analytical Chentistry



