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Edible vegetable oils are a valuable component of a fullynixed with soybean oil was investigated by using TG

mature seed due to their relatively high caloric value, and arprofiles and principal components analysis (PEX)-°
mainly the mixtures of triacylglycerols (TG), with different

concentration levels? The remaining nonglyceridic fraction Experimental Section
consists of different compound classes such as hydro-
carbons, tocopherols, phytosterols and sterol esters. Materials. Sesame oils were obtained by compression

The separation of TG in edible vegetable oils has beemethod (60 kgf/crhat 60°C) from 1 kg of pan-roasted white
studied by a wide range of techniques such as gas chromatseeds ofSesamum indicurhinne belongs tdPedaliaceage
graphy (GC).'*® liquid chromatography (LCY® super- which harvested in Andong County, Korea. Apricot oil,
and sub-critical fluid chromatography (SFC and Sub®€), camella oil, castor oil, peanut oifrachis hypogaed..),
and capillary electrochromatography (CE&)The most prikachberry oil, rape seed oil, red pepper seed oil, safflower
common approach to the analysis of TG is to release freeil, soybean oil, and walnut oil were purchased from a public
fatty acid (FA) and perform GC or GC-mass spectrometrymarket, as edible grades. Olive @il¢a europaed.., 100%,
(MS) after derivatization, for example, methylation. How- Montolivo, Minerva, Italy) was purchased from a common
ever, this approach does not identify actual intact TGmarket. TG reference working standards (analytical grade,
molecular species, but only determines the percentage gurity 99%) were trimyristin (MMM, Tz, CisHgeOs, mM.W.
individual FA present in the total TG fractibfA. The 723.14), 1,3-dipalmitoyl-2-oleoylglycerol (PORg, TCs3H1000s,
complete separation of TG is still very difficult because them.w. 833.4), 1,2-dioleoyl-3-palmitoglglycerol (OOP, &,
edible vegetable oil samples are usually complex mixtures o€ssH1020s, m.w. 859.4), and triolein (OO0 g4 Cs7H1040s,

TG which have very similar physico-chemical properties,m.w. 885.4) from Sigma (St. Louis, MO, USA). All other
and the number of possible molecular species is equal to theagents of analytical grade were purchased from Sigma.
number of FA cubed. In addition, in some cases information High temperature gas chromatography All separations
about actual TG compositions is lost because TGs in oils andere performed on a HP-5890 series Il gas chromatograph
fats were formed more or less selectivefy® (Santa Clara, CA, USA) equipped with a split/splitless

In spite of the chemical similarities of vegetable oils, smallinjector and a flame ionization detector (FID). The analytical
differences in their composition can lead to substantiacolumn was a aluminum clad capillary column coated with
differences in price and health properties. This consideratioB% phenyl equiv. polysiloxane-carborane stationary phase
makes edible oils such as olive oil a primary candidate fo(HT-5, SGE, Ringwood, Victoria, Australia; 25 m0.32
adulteration by substitution with less expensive oils, due tanm i.d.x 0.43 mm o.dx 0.1 um film thickness; maximum
their high market valu&>® The qualitative detection and cycling temperature, 48C; conditioning temperature, 460
especially the determination of low levels of adulteration®C). The oven temperature program was Z2d1 min)-2
remains an analytical probleif"?! Two general approaches °C/min-370°C (10 min). Both injector and FID temperatures
can be taken in the detection of adulteration of foodstuff. were set at 388C. Hydrogen (99.995%) was the carrier gas,
One is identification of a major constituent and its property,and its flow rate was 2.0 mL/min. Gas flow rates for FID
and the other is identification of the adulterant. Recentlywere kept as follows: nitrogen (99.995%) make up gas, 33
various methods, coupled with a variety of analyticalmL/min; hydrogen (99.995%) fuel gas, 35 mL/min and air
techniques, have been applied to the classification of edibl€99.995%), 350 mL/min. A split injection with a ratio of
vegetable oils and detection of their adulteratidig?>? 1 :100 was used. The sample volume injected was &5C
However, detection of adulterated oils based on TGpeak areas were computed with a HP3396A integrator
compositions by high temperature (HT)-GC was not studied(Santa Clara, CA, USA; chart speed, 0.3 cm/min; threshold,
In this study, TG profiles of selected vegetable oils were3; peak width, 0.01; attenuation, 7). Peaks were identified
obtained by HT-GC. Then, detection of adulterated olive oiltentatively by comparison of retention times of reference

working standards with those of sample components spiked
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accurately weighed into a clean, dry 10 mL volumetric flask, s
and then was dissolved with chloroform (99%) to reach the
final volume of 10 mL to prepare the stock solution (10 mg/
mL) of reference working standard. Vegetable oil sample
was dissolved in chloroform at the concentration of 50 mg;
mL. The quantitative determination was carried out using
MMM (T 42) as an internal standard (I1.S.). The amount of 1
each TG present in oil sample was calculated according t 2
the following equation: 3

Wre [ Woir = (Ara / Ais) X (Wis/ Woi)

Standard Olive oil Soybean oil

?[ullllnllllulnul : [lllllllllllllllllllg noboo ool
where W is weight of TG, W, is weight of oil sample, A& ’ 0 SN . 2 v
is peak area of TG, andds peak area of |.S., respectively.
Principal Component Analysis (PCA) Chemometric
analyses were accomplished with multivariate statistica
analysis program (MVSAP, version 4.0) software developec
in our laboratory and pre-validated by using known values
and data sets in the literat$ré:!® From a multivariate data
matrix havingp variables andh samples, principal compo-

nent scores were computed by using MVSAP.

Apricot oil Peanut oil

Results and Discussion 1]

Higher GC oven temperature up to 3Zand high 0" """ "% rIILIZIO B D O DINA

temperature stable column stationary phase are required fi

analyses of relatively involatile intact TG. Figure 1 shows

representatl\{e HT-GC FID Chromatograms of the TG Figure 1. Separation of intact triacylglycerols in selected vege

standards mixture and selected vegetable oils separated Olyjis by high temperature gas chromatography with flame ioni:

HT-5 column. It was possible to separate and to detect intadetector. (S: solvent, I.S.: internal standargb)(TL: Tso, 2: Tsz, 3:

TG containing up to 54 carbon atoms in the acyl moietie<Tsq)

directly without derivatization. Separation occurred accord-

ing to carbon number in the acyl moieties. The advantage girecision (defined as the relative standard deviation of peak

determining intact acyl lipids is the ability to study areas of 20 replicate runs) of working standards was less

individual molecular species. However, it is not yet possiblethan 4.72%. The limits of detection, defined by a signal to

to obtain complete structural information for intact TG noise ratio of 3:1, of &, Ts; and &sworking standard

molecule containing different FAs in the three acyl positionssolutions were found to be 8.3 py/ 12.8 ng/L, and 21.9

by only HT-GC-FID. ng/uL, respectively. Linear calibration curves were obtained
The reproducibility (defined as the relative standardthroughout the standard's concentration range (50Lrg/

deviation of retention times of 20 replicate runs) of 100ug/uL).

separation for &, Tso, Ts2, and B4 was less than 2.10%. The  Table 1 shows the TG composition of the selected vege-

Retention time (min)

Table 1. Quantitation of triacylglycerols in selected vegetable oils

Amount of triacylglycerols (unit : mg/g) Ratio of triacylglycerols

Sample
Tso Ts2 Tsa Tso/ Tso Ts4Ts0 Ts4Ts2

Apricot 5.00 +10.58 131.67+ 3.75 884.33+0.46 26.23 176.87 6.72
Camella 15.83+16.74 250.33 + 20.63 734.33+4.40 15.81 46.39 2.93
Castor Oil 1.33+ 4.33 38.00+ 2.63 255.67 £2.60 28.57 192.33 6.73
Olive 48.10+ 4.22 300.33+ 2.03 480.67 £2.54 6.24 9.99 1.60
Peanut 21.23+ 3.06 201.00+ 5.05 284.00 £ 0.00 9.47 13.38 141
Prickachberry 15.13+ 2.12 104.33+ 2.21 474.00£0.00 6.90 31.33 4.54
Rape Seed 2403+ 2.64 149.67 £ 1.39 395.33+2.80 6.23 16.45 2.64
Red Pepper 23.17+ 1.25 222.00+ 0.00 240.67 £1.20 9.58 10.39 1.08
Safflower 6.50+11.62 144.00 £ 11.18 534.67 £ 8.96 22.15 82.26 3.71
Soybean 19.63+ 3.96 208.67+ 1.68 408.00£7.88 10.63 20.78 1.96
Walnut 483+ 3.16 142.00+ 4.93 353.00+4.42 29.40 73.08 2.49

Mean + RSD% I = 3).
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Figure 2. Principal components plot for intact triacylglycerols approaqhes up to 25%, and then decreased. _Based on this
composition of selected vegetable oils listed in Table 1. comparison the relative ratio 0fTso looks promising as a

detection index for adulterated olive oil blended with more

table oils. The feature of compositional patterns is teasT than 5% soybean oil.
the most dominant TG andylis relatively minor TG in each
sample. The detection of adulteration of oil is not easy, Acknowledgement This work was supported by Korea
because vegetable oils have narrow intact TG composition&cience and Engineering Foundation [KOSEF R01-2000-
spectra. Therefore, adulteration of vegetable oils, involvingd00-00194-0 (2001)].
the replacement of expensive oils with cheaper oils, could
potentially be very lucrative for oil suppliefs.

PCA was applied to provide an overview of the capability
to distinguish vegetable oils based on TG composition by 1. pahiberg, D. B.; Lee, S. M.; Wenger, S. J.; Vargo, JAlied
HT-GC. The data set of TG composition for 11 vegetable oil  Spectrometrit997 51(8), 1118.
samples in Table 1 was classified by using PCA. PCA is 2. Hazebroek, J. Progress in Lipid Resear@00Q 39, 477.
frequently employed for the purpose of generating a reduced3 Moret. S.; Conte, L. S. Chromatogr. £200Q 882, 245.

set of varieties that account for the most of the variability in + E 288183’3; 25 Martin, D.; Herreara, E.; Barbad, Chromatogr.

the original data, and the first principal component score 5. kamal-Eldin, A.; Anderson, R. Am. Oil Chem. S0d997, 74,
(PC1) contains the most representative information in the 375.

data set. As shown in Figure 2, distributions of the data 6. Kim, S. O.; Kim, N. S.; Noh, B. S.; Lee, D.Ahal. Sci. Technol
points of three PCA scores (cumulative proportions: 88.1%, %Oeolzid%?%ai‘]‘agr-reno M M. Gustamante-Ragel. M- Sanches.
88'2%’ and.lOO..O%, reSpeCtiYely) for 11 vegetable oils .Pergz,A.; Hernande’z-M(.ade.z,,]JChromatogr. Azgoi 93.5; 77.
investigated in this study are different from each other. For g gyershed, R. B. Am. Soc. Mass Spectrob®96 7, 350.

example, it can be seen that the datum point of olive oil is far9. Abidi, S. L.J. Chromatogr. 2001, 935, 173.

from that of soybean oil. PCA was useful for patternl0. Cert, A; Moreda, W.; Perez-Camino, M. &.Chromatogr. A
recognition and detection of adulteration. 200Q 881, 131.

It should be noted, in Table 1, that relative ratioss@fTE 11. ;‘zilg)mgtsolr; W. D.; Hautfenne, Aure & Appl. Chem1985

ranged from 9.99 to 192.33, while those ef/Tsoand &4/ 12 Rezanka, T.; Rezkova, H.Anal. Chim. Actd.999 398 253.
Ts2 ranged 6.23-29.40 and 1.08-6.73, respectively. Thesea. Lee, D. S.; Noh, B. S; Bae, S. Y.; Kim,Ahal. Chim. Actal 99§
results suggest that relative ratio of4/Tso is useful to 358 163.

discriminate the authentic vegetable oil with the adulterated4: Tsimidou, M.; Macrae, R.; Wilson,Aood Chem1987, 25, 227.

. . . .. . 15. Lee, D. S.; Lee, E. S.; Kim, H. J.; Kim, S. O.; Kim Atal. Chim.
oils. Figure 3 shows graphically the mixing ratio of cheaper Acta2001, 429, 321.

soybean oil added to expensive olive oil versgT§, ratio. 16. Funada, Y.; Hirata, YAnal. Chim. Actd 999 401, 73.
In the case of adulterated olive oils blended with soybean oil17. Lesellier, E.; Tchapla, Anal. Chem1999 71, 5372.
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	Sample
	Amount of triacylglycerols (unit : mg/g)
	  Ratio of triacylglycerols
	T50
	T52
	T54
	T52/T50
	T54/T50
	T54/T52
	Apricot
	5.00�±�
	 10.58
	 
	131.67�±
	  3.75
	 
	884.33�±
	 0.46
	26.23
	176.87
	6.72
	Camella
	15.83�±�
	 16.74
	 
	250.33�±
	 20.63
	 
	734.33�±
	 4.40
	15.81
	 46.39
	2.93
	Castor Oil
	1.33�±
	  4.33
	 
	38.00�±
	  2.63
	 
	255.67�±
	 2.60
	28.57
	192.33
	6.73
	Olive
	48.10�±
	  4.22
	 
	300.33�±
	  2.03
	 
	480.67�±
	 2.54
	 6.24
	  9.99
	1.60
	Peanut
	21.23�±
	  3.06
	 
	201.00�±
	  5.05
	 
	284.00�±
	 0.00
	 9.47
	 13.38
	1.41
	Prickachberry
	15.13�±
	  2.12
	 
	104.33�±
	  2.21
	 
	474.00�±
	 0.00
	 6.90
	 31.33
	4.54
	Rape Seed
	24.03�±
	  2.64
	 
	149.67�±
	  1.39
	 
	395.33�±
	 2.80
	 6.23
	 16.45
	2.64
	Red Pepper
	23.17�±
	  1.25
	 
	222.00�±
	  0.00
	 
	240.67�±
	 1.20
	 9.58
	 10.39
	1.08
	Safflower
	6.50�±�
	 11.62
	 
	144.00�±
	 11.18
	 
	534.67�±
	 8.96
	22.15
	 82.26
	3.71
	Soybean
	19.63�±
	  3.96
	 
	208.67�±
	  1.68
	 
	408.00�±
	 7.88
	10.63
	 20.78
	1.96
	Walnut
	4.83�±
	  3.16
	 
	142.00�±
	  4.93
	 
	353.00�±
	 4.42
	29.40
	 73.08
	2.49






