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ABSTRACT

The triacylglycerol compositions of six gencticatly moditied soybean oils, and commervial soybean, corn. safflower and sunflower oils
were determined by reversed-phase high-performance liquid chromatography with flame ionization detection. Triseylglycerol motee-
ular species were identified based on theoretical carbon numbers. Fatty acid compositions of the above soybean oils were estimated
from concentrations of the triacylglycerol molecular specics, Fatty acid composition was caleulated by multiplying the concentration of
cach trincylglycerol by the percent of ecach fatty acid species in the trineylgiyeerol moteeule. The fatty acid composition caleututed from
trincylglycerol analysis was compared with the composition determined by gas-tiquid chromatography. There was good agreement
between the fatty acid composition as caleulated from the high-performance liquid chromatographic data and as determined by
gas-liquid chromatography. These results support the findings that triacylglycerol molecular species could be identified based on
theoretical carbon numbers and that fatty acid composition of sovbean oil can be obtained from the dita of reversed-phase high-
performance liquid chromatography with flame ionization detection, The triaey lglycere! composition for sovbean oil obtained by this

procedure required no response factors for quantitation.

INTRODUCTION

The quantitative measurcment of triacylglycerol
(TAG) and fatty acid composition of lipids is re-
quired in many biological research areas, like food,
medicine and agriculture. Studies of genetic control
of fatty acid distribution in TAG of vegetable oil
depend firmly upon knowledge of TAG molecular
species. Likewise, TAG molecular species analysis
is necessary for the studies regarding natural and
synthcetic fats like cocoa butter and its substitutes,
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and for the nutritional evaluation of edible oil {14].
Several reports have been published on the separa-
tion and identification of TAG by using high-per-
formance liquid chromatography (HPLC). In the
studies by El Hamdy and Perkins {5,6]. reversed-
phase HPLC (RP-HPLC) was used and demon-
strated improved TAG separation. Phillips and co-
workers [7.8] adopted flame ionization detection
(FID) connected to RP-HPLC for quantitative
analysis of TAG. Nurmela and Satama [9] reported
that FID showed a more quantitative response than
that obtained by ultraviolet (UV) and refractive in-
dex (RI) detection. Christie [10] reported that FID
had a good linear response to samplc size and gave
satisfactory results with microgram amounts of
samplc. Also, FID did not show bascline drift dur-
ing gradient clution because the volatile solvent was
vaporized and removed before the nonvolatile sol-
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utes were carried into the flames of the detector for
combustion [10]. Christie [11,12] concluded that the
best and ideal detection system available currently
for TAG molecular species analysis by HPLC was
based on the FID principle which allowed a wide
use of solvents and gave quantitative response. We
have previously used RP-HPLC-FID to determine
the TAG composition for oxidative studics [13] and
studies of the interesterification of blends of vegeta-
ble oils with hydrogenated soybean oil [14].

The retention times or clution volumes of TAG
molecular specics are best predicted by theoretical
carbon number (TCN) [11,13.14] which considers
other clution factors determined experimentally in
addition to the numbers of total carbon and car-
bon-carbon double bond, associated with the previ-
ously adopted equivalent carbon number (ECN).

In order to confirm that TAG molccular specics
can be identified based on TCN, the correlation of
RP-HPLC-FID and gas-liquid chromatography
(GLC) methods to obtain fatty acid composition of
vegetable oils is reported here.

EXPERIMENTAL

Materials

Soybeans were commercial cultivars obtained
from Rundall L. Nelson, Curator, US Department
of Agriculture, Germplasm Collection (University
of Illinois, Urbana, IL, USA), and included plant
introductions selected on the basis of fatty acid
comgposition. Experimental lines were provided by
Walter R. Fehr (Iowa State University, Ames, IA,
USA). Soybean, corn, safflower and sunflower oils
were obtained from a commercial source. The solid-
phase extraction (SPE) columns (6.5 m! volume,
loaded 2000 mg silica) used for purification of TAG
were purchased from Baxter Health Care (Musk-
egon, MI, USA). All organic solvents used in this
research were HPLC grade. TAG reference mix-
tures used for identification and quantitation were
obtained from NuChek Prep (Elysian, MN, USA),
and Sigma (St. Louis, MO, USA).

Methods

Crude oil (1.4-2.6 g) was obtained from genet-
ically modified soybeans by hexane extraction of 15
g of soybean [11]. The beans were ground in a Var-
co coffee bean grinder (Type 228; Mouli Manufac-
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turing, Belleville, NJ, USA) and soaked in 30 ml
hexane at room temperature for 10 min. Oil was
extracted by sonication for 5 min with an ultrasonic
homogenizer Model 4710 sonicator (Cole Parmer,
Chicago, IL, USA) with outlet setting at 7. After
sonication, the hexane-bean mixture was cooled in
ice to room temperature. This mixture was filtered
over 0.6 g Celite filter aid and 1.2 g activated car-
bon, and the filter cake was rinsed five times with 80
ml hexane. The filtrate was dried with 4 g sodium
sulfate and then filtered through folded filter paper
(2V). Hexane was removed in 45 min on a roto-
evaporator with water bath at 27°C.

The vegetable oils were stripped of non-TAG
components by SPE chromatography with a hex-
anc—diethyl ether gradicnt clution of cach oil (1.2 g)
mixed with 0.485 g activated carbon [11].

Purity and identification of TAG were deter-
mined by thin layer chromatography developed by
dicthy! ether-hexane (20:80, v/v), visualized by io-
dine and ultraviolet radiation.

TAGs (0.5 mg/5-10 gl hexane) were resolved by
RP-HPLC [8.11.12] equipped with two Zorbax C4
columns (25 ecm X 0.49 cm 1.D., § um particles.
DuPont, Wilmington, DE, USA) in serics, with lin-
car gradicnt clution program [0.8 ml/min, acctoni-
trile-methylene chloride (70:30 to 60:40, v/v) over
120 min], followed by column clean up with 100%
maethylene chloride. The detection of cluents was
donre by FID, Tracor Model 945 HPLC dctector
(Austin, TX, USA) [9]. block temperature: 180°C;
detector and cleaning lame gas flow-rates: 140 and
160 ml/min hydrogen, respectively, and 300 ml/min
oxygen. The noise filter was set high and baseline
correction was used. The quantification of TAG
molecular species by FID was checked with stan-
dard mixtures of trilinolenin, trilinolein, triolein,
tristcarin and tripalmitin.

Fatty acid methyl esters (FAMES) of oils were
preparced by potassium hydroxide-catalyzed trans-
methylation [13) and analyzed with a Hewlett-Pack-
ard (Avondale, PA, USA) Model 5710 A gas chro-
matograph cquipped with a flame ionization detec-
tor. The glass column (180 cm % 0.31 em 1D
packed with 10% SP 2330 on 100 -120-mesh Chro-
mosorb W, AW, obtained from Supelco (Belle-
fonte, PA, USA), was operated at 160°C with a heli-
um carricr gas flow-rate of 20 ml/min. The injection
port and detector were held at 250°C. Methy! esters
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TABLE |
FATTY ACID COMPOSITION OF SOYBEAN OILS

P = Palmitic: § = stearic; O = oleie: L = linolvic; Lo = lino-
lenic acid. Quuantitation was contirmed with NuChek. Prep stan-

2_-,9'
were identified and their quantitation was calibrat-
ed with the NuChck Prep soybean methyl ester

standard 1SA (methyl palmitate, 6.0%; methyl stea-
rate, 3.0%: methyl oleate, 35.0%: methyl linolcate,

dard 15 A, 50%: methyl linolenate, 3.0%:; methyl arachidate,

3.0%).
u it Yo
Sample Compuosition (Ye) RESULTS AND DISCUSSION
P S O L Ln . .
The fatty acid compositions of the soybean oils as
}. ‘:‘: 4-2 30.2 "*:Z 36 determined by GLC-FID arc presented in Table 1.
: Py O S S The TAG molecular species (TAGMSs) were
1 129 37 155  $57 122 identificd by matching calculated and experimental
5 109 34 Wl 502 6.4 TCN values [5.8.14] to those of known TAGs in
6 S a7 245 836 80 reference mixtures. Retention times and TCNs were
Commercial 9.7 kR N0 56.6 8.6 lincar‘y com‘atcd‘ as mportcd pmvious‘y Ildl.
TABLE Nl

TRIACYLGLYCEROL MOLECULAR SPECIES ANALYSIS OF A GENETICALLY MODIFIED SOYBEAN OIL BY RP-
HPLC-FID, CALCULATION FOR FATTY ACID COMPOSITION ANC THOSE DETERMINED BY GLC-FID

Lu, L. O, S. P arc linolenie, linoleie, oleic, stearic and palmitic acids, respectively.

Molecular RE-HPLC

Caleulated fatty acid conventration (%)
spccics (o;“) D e e = i et e n e sy S et et s et e o e
p S o L Ln
LalnL 0.2 - - - 0.07 012
LnlbL 31 - - - 207 1.03
LaLnO 0.3 - - g.10 - 0.20
LLL 16.3 - - - 16.30 -
LnlO 32 - - 1.07 107 107
LalP t.1 0.37 - - 0.37 0.37
LLO iv.6 - - 6.53 13.06 -
LnOO 1.1 - - 073 - 0.37
Lp 10.3 343 - - 6.86 -
LNOP 0.7 0.23 - 0.23 - 0.23
LOO 12.7 - - 8.47 4.23 -
LLS 7 - 1.2 - 247 -
Lop 100 3 - 333 333 -
PLP 1.5 1.0 - -~ 0.50 -
000 4.9 - - 4.90 - -
LOS 4.2 - 1.40 1.40 1.40 -
POO As 1.17 - 233 - -
sLp 1.1 0.37 0.37 - 0.37 -
PoP 0.4 0.27 - 0.13 - -
500 1.3 - 043 ny? - -
SLS 0.3 - 0.20 -~ 0.1¢ -
sop 0.5 0.17 0.17 .17 - -
100.0
Fatty acid 10.34 380 30.26 §2.20 340
composition. HPLC?
Fatty acid, 9.86 161 0.0 51.73 163

compasition, GLC

< Concentration caleulated from RP-HPLC-FID data.
b Quantitation was confirmed with NuChek Prep standard 15 AL
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Fig. 1. Plot of palmitic (u) and stearic acid (b) concentrations in
saybean oils determined by GLC-FID versus values of these
acids culeuluted from RP-HPLC-FID.

TAGMS concentrations were calculated from their
peak arcas which correspond to the concentrations
based on mass without requirement of correlation
factors, as reported previously [14). Fatty acid com-
positions were calculated from concentrations of
TAGMSs by summation of the values calculated by
multiplying the concentration of cach TAGMS by
the percent of the specific fatty acid in that
TAGMS. As an cxample, the calculated fatty acid
composition of a genetically modified soybean oil is
presented in Tabie Il. Close agreement was ob-
served between calculated fatty acid composition
obtained from TAG analysis by RP-HPLC-FID
and fatty acid composition determined by GLC-
FID (Table 1.

Each fatty acid concentration, in oils from differ-
ent soybean varieties, calculated from RP-HPLC-
FID data was compared with the concentration de-
termined by GLC-FID. Correlation coeflicients be-
tween the concentrations of soybean oils deter-
mined using the two mcthods for five fatty acids
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Fig. 2. Plot of oleic (1) and linoleic acid (b) concentrations in
soybean oils determined by GLC-FID versus values of these
acids caleulated from RP-HPLC-FID.
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Fig. 3. Plot of linolenic concentrations in soybeun oils deter-
mined by GLC-FID versies values of this ncid caleulated from
RP-HPLC-FID.

(Figs. 1-3) were: palmitic, 0.982, stearic, 0,932, ole-
ic, 0.998, linoleic, 0.999 and linolenic acids 0.986.
Palmitic acid concentrations calculated from RP-
HPLC-FID were slightly higher than those deter-
mined by GLC-FID (Fig. 1a); while linolenic acid
concentrations calculated from RP-HPLC-FID
tended to be slightly lower than those determined
by GLC-FID (Fig. 3).

Fatty acid compositions of corn, safffower and
sunflower oils as determined by the two methods
were in good agreement and did not show the varia-
tion of palmitic acid and linolenic acid concentra-
tions as found with soybean oils (Table U11).

CONCLUSIONS

The high correlation obtained between fatty acid
composition calculated from RP-HPLC-FID TAG

TABLE 111

COMPARISON OF FATTY ACID COMPOSITIONS CAL-
CULATED FROM RP-HPLC-FID AND THOSE DETER-
MINED BY GLC-FID

Fatty acid Composition (%)

Com il Safflower ol Sunllower oil

HPLC GLC HPLC GLC HPLC GLC

Palmitic 1o 13 6.8 6.8 6.9 7.0
Stearie 1.7 1.7 1.8 24 18 4.5
Olcic 242 61 139 149 179 178
Linoleie 623 598 774 754 710 0.2

Linolenic 0.7 1.1 0.7 0.5

0.1 0.5
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analysis and the composition determined by GLC-
FID FAME analysis indicates that TAG molecular
species can be identified bused on TCNs. RP-
HPLC-FID analysis of soybean oil TAG can be
quantitated without response factors. Fatty acid
compositions of vegetable oils can be obtained by
calculation from the results of RP-HPLC-FID.
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