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Abstract

Total polar lipid produced from the soybean oil and lard by heating with different surface area at 185°C were
measured by silica gel column chromatography. Further, the polar lipid was fractionated by high performance
size exclusion chromatography-evaporative light scattering detector (HPSEC-ELSD). The HPSEC system was
composed of two GPC columns (100 A and 500 A) and a THF mobile phase. With this system it was
possible to fractionate into the free fatty acid, diglyceride, triglyceride monomer, triglyceride dimer and
triglyceride polymers. The triglyceride monomer, triglyceride dimer and triglyceride polymers significantly
increased as the heating time and surface area increased. But diglyceride and free fatty acid did not increased
as the heating time and surface area increased. Triglyceride polymer (r>0.93), triglyceride dimer (r>0.97),
triglyceride monomer (r>0.95) showed a high correlation with polar lipid content. On the other hand,
diglyceride (r<0.68) and free fatty acid (r<0.76) were not significantly correlated with the polar lipid content.
These results indicated that a major oxidative components formed during thermal oxidation were triglyceride
polymers and triglyceride dimer and triglyceride monomer.
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Fig. 1. The log value of the molecular weight and reten-
tion time derived from HPSEC chromatogram using
the standard of triolein, diolein, mono-olein and oleic
acid.
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Fig. 2. Chromatograms of free fatty acid, diglyceride,
triglyceride monomer, triglyceride dimer and triglyceride
polymer isolated by HPSEC-ELSD from soybean oil
heated for 32 hr at the specific surface area having 0.08
cm’/g. A: Nonpolar fraction, B: Polar fraction. 1: Triglyceride
polymer, 2: Triglyceride dimer, 3: Triglyceride monomer,
4: Diglyceride, 5: Free fatty acid.
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Table 1. Polar lipid content and distribution of polar compounds of soybean oil heated with different surface area
(unit: mg/100 mg oil)

Surface area Heating time  Polar lipid . 3 . . Free fatty
(cmg) (Br) content TG-polymers TG-dimer TG-monomer  Diglyceride acid

Not heated 4611047 - 0.52+0.01 2.08+0.07 1.74£0.05 0.27+0.03

16 6.18+0.12  0.11+0.03 1.89+0.11 2.60+£0.04 1.0910.06 0.49+0.12

0.04 32 8.29+041  0.321+0.12 3.58+0.09 3.11+0.12 1.08+0.13 0.20+0.03

’ 48 11.49+0.37  0.391+0.06 5.71+0.04 3.92+0.01 1.18+0.06 0.291+0.02

64 12.89+044  0.6310.11 6.771£0.20 4.11+£0.06 1.07+0.03 0.31+0.07

16 6.60+0.21 0.10+£0.04 2244013 2.4610.02 1.41+0.04 0.39+0.06

0.08 32 8.99+033  0.38+0.03 3.72+0.25 3.19+0.12 1.42+0.06 0.28+0.04

) 48 12.05+0.40  0.60+0.07 5.92+0.06 4.031£0.04 1.184+0.02 0.32+0.09

64 15.0210.11 1.02+0.08 7.58+0.05 4.84+0.21 1.28+0.05 0.30+£0.01

16 10.86+£0.38  0.49+0.03 5.04+0.19 4.031£0.22 1.0210.11 0.28+0.03

012 32 17.13+0.40  0.89+0.06 9.01+0.09 6.22+0.12 0.83+0.06 0.18+0.01

) 48 25.03+£022  3.36+0.06 13.26+0.11 7.73£0.33 0.57+£0.02 0.11+0.02

64 31.76+0.14 5201013 16.10+0.31 9.97+0.07 0.83+0.07 0.20+0.06

16 13.80£0.50  0.90+0.06 6.671+0.23 5.23+0.06 0.87£0.01 0.13+0.04

016 32 2423+0.15  2.63+0.16 12.08+0.16 8.83+0.04 0.57+0.06 0.12+0.03

) 48 33.30+£0.17  4.39+0.08 18.31+0.09 9.84+0.23 0.66+0.20 0.10+0.03

64 4138+0.19  7.23+022 20.77£0.02 12.31+0.08 0.98+0.22 0.09+0.02

TG: Triglyceride.

Table 2. Polar lipid content and distribution of polar compounds of lard heated with different surface area
(unit: mg/100 mg oil)

Surface area Heating time  Polar lipid ) A 3 . . Free fatty
(cmg) (hr) content TG-polymers TG-dimer TG-monomer  Diglyceride acid

Not heated 4.15+0.55 - 0.591:0.02 1.82+0.03 1.59+0.11 0.15+0.02

16 6.05+040  0.23+0.08 1.88+0.04 2.45+0.15 1.3540.04 0.1440.05

0.04 32 8.41+038  0.31+0.08 3.39+0.13 3.05+0.02 1.5540.11 0.11+0.08
’ 48 9.28+0.39  0.47+0.04 3.83+0.04 3.50+0.13 1.41+0.02 -
64 13.00+0.28  0.73%0.05 6.071+0.12 4.84+0.14 1.36+0.14 -
16 6441039  0.21+0.05 2.38+0.03 2.51+0.08 1.30+0.02 -
0.08 32 9.60+0.15  0.77+0.08 423+0.15 3.6210.12 0.98+0.03 -
’ 48 12.74+0.24  1.01£0.04 6.08+0.16 4.53+0.24 1.12+0.05 -
64 14.01£0.11 1.54£0.03 6.56+0.32 4.6810.11 1.23+0.03 -
16 9.85+0.18  0.631+0.05 4.381+0.32 3.91+0.04 0.93+0.04 -
012 32 15.64+0.14 1.94+0.08 7.57+0.12 6.32+0.22 1.01£0.02 -
) 48 19.67+0.20  2.9210.04 9.13+0.07 6.58+0.19 1.04+0.03 -
64 22.40+050  4.83+0.17 9.42+0.20 6.84+0.11 1.31+0.12 -
16 12.81+046  0.67+0.03 5.64+0.13 5.82+0.03 0.68+0.03 -
0.16 32 18.20£0.31 2.431+0.10 8.27+0.13 6.491+0.35 1.01+0.06 -
) 48 23.59+0.15 4.68+0.18 10.01L£0.24 7.56+0.08 1.341+0.07 -
64 31.40+022  7.82+£006 12.78+0.11 8.73+0.22 2.07+0.22 -

TG: Triglyceride.
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Table 3. Correlation coefficients between polar lipiid content and polar components

Oils Surface area (cm’/g)  TG-Polymer TG-Dimer TG-Monomer Diglyceride Free fatty acid
0.04 0.9397 0.9976 0.9921 0.3837 0.0400
Sovb i 0.08 0.9805 0.9958 0.9975 0.6878 0.0215
ybea © 0.12 0.9316 0.9904 0.9921 0.6276 0.4907
0.16 0.9527 0.9903 0.9775 0.3757 0.7187
0.04 0.9739 0.9988 0.9932 0.2911 0.7646
Lard 0.08 0.9554 0.9941 0.9926 0.4415 0.4987
012 - 0.9301 0.9733 0.9574 0.1365 0.5927
0.16 0.9287 0.9805 0.9491 0.1913 0.5606
TG: Triglyceride.
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