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Abstract

The effects of oil unsaponifiables (8 species) and methanolic plant extracts (53 species) on the thermal ox-
idation of oils during 14 or 16 hour heating at 180°C were studied by analyzing the fatty acid composition of
soybean oil or cottonseed oil. All the unsaponiiiables tested did not show any antioxidative activities on the
thermal oxidation of soybean oil. However, among the 53 species of methanolic plant extracts, some species
(Rheum undulatum L., Chelidonium majus L. var. asiaticum and Eugennia caryopyliata T.) showed very
strong antioxidative activities on the thermal oxidation of cottonseed oil. The antioxidative activities of
methanolic extracts of these 3 species on thermal oxidation of cottonseed oil during an cxtended heating
period were also studied by heating cottonseed oils for 7 hours a day for 8 days at 180°C. The methanolic ex-
tracts of Chelidonium majus L. v. asiaticum and Eugennia caryopyllata T. greatly reduced both polymer for-
mation and linoleic acid decomposition after the 8 day heating at 180°C. However, the methanolic extracts of
Rheum undulatum L. was effective for the reduction of polymer formation. but not for the reduction of
linoleic acid decomposition.
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Table 1. Effects of 0.25 and 0.50% unsaponifiables of various oils on the fatty acid compositions of soybean oil dur-

ing 14 hour storage at 180°C"

Unsaponifiables Addition (%) Cio Ciso Cian Cisz Ciss Ci3/Ciea
Control 13.52 5.51 26.40 50.29 428 372
Pumkin seed oil 0.25 14.00 5.25 26.84 49.58 433 3.54
unsaponifiables 0.50 14.96 5.11 26.56 49.27 4.10 329
Corn oil 0.25 14.44 522 26.79 49.42 4.14 342
unsaponifiables 0.50 13.84 542 26.78 49.77 4.20 3.60
Sessame oil 0.25 14.08 5.31 27.09 49.16 4.36 3.49
unsaponifiables 0.50 14.11 5.26 27.08 49.46 4.09 3.51
Boxthom seed oil 0.25 13.93 5.08 26.57 50.13 4.30 3.60
unsaponifiables 0.50 13.73 5.25 26.67 49.84 4.50 3.63
Palm oil 0.25 13.04 5.26 27.22 50.18 4.30 3385
unsaponifiables 0.50 12.88 5.24 26.81 50.60 4.45 3.93
Canola oil 0.25 13.50 5.48 26.53 50.39 4.10 3.73
unsaponifiables .50 13.48 5.19 26.74 50.29 4.30 373
Ricebran oil 0.25 12.86 5.29 26.97 50.45 4.42 3.92
unsaponifiables 0.50 12.90 5.17 27.06 50.21 4.66 3.89
Cottonseed oil 0.25 13.45 5.08 26.69 50.52 4.26 3.76
unsaponifiables 0.50 13.51 5.23 26.53 50.10 4.63 371

“The relative composition of palmitic, stearic, oleic, linoleic and linolenic acid of the original soybean oil before heating was
10.68, 4.15, 23.21, 55.21 and 6.74%, respectively. The value of C,4,/Cq, for the original soybean oil was 5.17.

(Table 2).
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Table 2. Effects of TLC fractions of ricebran oil un-
saponifiable on the fatty acid composmon of soybean
oil during heating at 180°C for 14 hours"

f Cl(»() Cli‘ll le Clx: C\.\‘ 3 Clx Jclh-n

Control 12.57 4.58 24425273 570 419
Fraction 1 1221 4.64 2472 5279 561 432
Fraction 2 0.22 13.03 4.65 24.49 52.27 556  4.01
Fraction 3 0.30 12.43 4.66 2522 5250 5.19 422
Fraction 4 0.41 12.97 4.62 24.53 5223 5.65 4.03
Fraction 5 0.83 12.52 4.69 24.64 52.53 5.63  4.20
Fraction 6 0.97 12.48 4.67 24.58 52.59 5.68 4.21

"The relative composition of palmitic, stearic, oleic, linoleic
and linolenic acid of the original soybean oil before heating
was 10.68, 4.15. 23.21, 55.21 and 6.74%, respectively. The
value of C,,.,/C,.. for the original soybean oil was 5.17.
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Table 3. Effects of 4 mL and 8 mL methanol extracts of plants on the fatty acid composition of cottonseed oil dur-
ing 14 hour storage at 180°C”

gh=e Botanical Name A7l Cio Cuua Cizo Cisi Cix Ciso/Cioo
27 (Control) 0.81 27.02 2.61 21.25 48.31 1.79
e, Crystanthemum indicum 4 mL 1.01 26.79 2.64 20.65 48.91 1.83
L. (flower and calulis) 8 mL 0.80 26.98 2.59 20.07 48.55 1.80
7t Glycyrrhiza glabra L. 4 mL (.80 26.20 3.0 20.99 48.99 1.87
- (rcot) 8 mL 0.78 25.83 2.65 21.12 49.63 1.92
- Pueraria hirsuta 4 mL 0.79 26.25 2.70 21.06 49.26 1.88
=+ Matsum (root) 8 mL 0.82 26.43 2.69 21.09 48.98 1.85
T Ipomeoa batatas Poiret 4 mL 0.81 26.65 277 20.87 48.85 1.83
- (root) 8 mL 0.77 2592 2.70 20.55 50.05 1.93
A+ Sophora angustifloia 4 mL 0.78 26.67 2.57 20.81 49.17 1.84
e S. & Z. (root) 8 mL 0.79 26.17 2.56 20,62 49.86 1.91
o5} Sophora japonica L. 4 mL 0.83 26.05 2.59 20.77 49.77 1.91
(flower) 8 mL 0.74 25.80 2.81 20.48 50.17 1.94
) Avena sativa L. 4 mL 0.81 26.72 2.68 20.93 48.86 1.83
(grain) 8 mL 0.80 26.63 2.76 20.90 48.91 1.84
}2 2} Raphanus Sativus L. 4 mL 0.77 26.43 2.84 20,68 49.28 1.86
B (seed and root) 8 mL (.85 26.55 2.60 20.85 49.15 1.85
2 3py) Thea sinensis L. 4 mL 0.77 26.18 2.62 20.75 49.67 1.90
o (seed) 8 mL 0.77 25.85 2.60 20.64 50.14 1.94
o2 Rheum undulatum L 4 mL (1.69 24.90 2.48 20.37 51.55 2.07
° (root & caulis) 8 mL 0.72 25.03 2.53 20.44 51.27 2.05
a}apel Cannabis sativus L. 4 mL 0.76 26.01 2.59 20.87 49.77 1.91
= (stem) 8 mL (.75 25.33 2.81 20.57 50.33 1.99
ah e 7} Vitex rotundifolia L. 4 mL .87 26.45 2.64 20.42 49.62 1.88
e (fruit) 8 mL 0.74 25.66 2.58 20.32 50.70 1.98
w1l Fogopyrum esculentum 4 mL 0.81 26.78 2.92 20.99 48.50 1.81
= Moench (grain) 8 mL (.79 26.66 2.90 21.48 48.16 1.81
o sha Gessypium indicum 4 mL 0.84 25.28 2.52 20.33 51.03 2.02
= Lam. (seed) 8 mL 0.78 24.8% 2.59 20.08 51.66 2.08
2o} Pseudocydonia sinensis 4 mL 0.80 26.56 2.69 20.80 49.14 1.85
B Schneider (fruit) 8 mL 0.82 26.44 2.66 20.84 49.25 1.86
e Akebia quinata Decne 4 mL 0.77 26.90 2.69 20.94 48.70 1.81
e (root) 8 mL 0.80 26.59 2.66 20.87 49.07 1.85
w7 2 Brassica Cernaua 4 mL 0.78 26.62 2.73 20.78 49.09 1.84
B Forbes et Hensl (seed) 8 mL 0.75 26.16 2.55 20.92 49,62 1.90
e Chelidonium majus L.v. 4 mL 0.72 24.83 2.62 20.51 51.32 2.07
o asiaticum (whole plant) 8 mL 0.78 24.65 2.40 20.24 51.93 2.11
ol 2= Atractyloides lyrata S. 4 mL 0.79 25.72 2.73 21.05 49.71 1.93
e & Z. (root & caulis) 8 mL 0.74 25.02 2.58 20,60 51.05 2.04
1A} Crataegus curneata S. 4 mL 0.81 2641 2.68 20.74 49.37 1.87
& Z. (fruit) 8 mL 0.80 26.05 2.80 20,71 49.63 1.91
R Palupara cordata Busk 4 mL 0.81 26.43 2.79 20.82 49.15 1.86
B (whale plant) 8 mL 0.79 26.11 2.61 2073 4976 1.91
32) Morus alba L. 4 mL 0.78 26.07 2.55 200.83 49.76 1.91
° (leaf) 8 mL 0.79 2634 2.50 2097 4931 1.87
Ay ) Morus bombycis 4 mL 0.78 26.30 2.60 20.95 4938 1.88
°en Koitzumi (cortex) 8 mL 0.82 25.96 2.57 20.91 49.75 192
e Zirgiber officinale 4 mL 0.78 26.11 2.61 20.83 49.67 1.90
°e Rosc. (root) 8 mL 0.78 25.68 2.56 20.69 50.30 1.96
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Table 3. continued

iﬂ';,"“é Botanical Name ;—%] 7]’%1: CIA'O Cmo Cmo CIR‘I Clxz CIS:?/CIG'O
A4 Asarum heterotropoids 4 mL 0.82 26.58 2.69 20.87 49.04 1.84
s Maekawa (whole plant) 8 mL 0.84 26.42 2.69 21.19 48.85 1.85
53 Prunus mume S. & Z. 4 mL 0.84 26.29 2.68 20.77 49.42 1.88
e (flower) 8 mL 0.81 25.91 2.62 20.88 49.78 1.92
2o} Cimicifuga heracleifolia 4 mL 0.77 25.96 2.69 20.81 49.77 1.92
Komarov (root & leaf) 8 mL 0.79 26.03 2.63 20.68 49.87 1.92
o] 8} Magnolia kobus A.P. 4 mL 0.80 26.38 2.59 20.73 49.50 1.88
DE Candolle (flower) 8 mL 0.77 25.67 2.84 20.63 50.09 1.95
o}l Allium cepa L. 4 mL 0.76 25.76 2.58 20.73 50.17 1.95
° (Toot) 8 mL 0.83 27.22 2.81 20.95 48.19 1.77
Ak Nelumbo nucifera G. 4 mL 0.81 26.89 2.67 20.74 48.90 1.82
o (seed) 8 mL 0.95 26.72 2.67 20.68 48.98 1.83
a3 3ol Nelumbo nucifera G. 4 mL 0.80 26.35 273 20.99 49.13 1.86
= (flower) 8§ mL 0.80 26.60 2.85 20.88 48.87 1.87
o o Evadia rutaecarpa Benth 4 mL 0.75 25.86 2.55 20.82 50.02 1.93
= (seed) 8 mL 0.78 25.80 2.69 2078 49.94 1.94
ot} Arctum lappa. L. 4 mL 0.79 26.49 2.78 20.66 49.28 1.86
Rl (root & seed) 8 mL 0.82 26.17 2.59 20.71 49.71 1.90
8.5 Ulmas japonica Sarg 4 mL 0.80 26.69 2.78 20.86 48.87 1.83
o (cortex) 8 mL 0.82 27.56 2.79 21.19 47.64 1.73
oozt Epimedium Koreanum 4 mL 0.78 26.25 2.61 20.68 49.68 1.89
ven Nakai (stem & leaf) 8 mL 0.78 25.90 2.61 20.83 49.89 1.93
ol A} Panax Ginseng 4 mL 0.81 26.10 2.65 20.63 49.80 191
bl (root) 8 mL 0.81 26.20 2.70 20.75 49.54 1.89
o 5had Coptis japonica Makino 4 mL 0.85 26.39 2.60 20.87 49.28 1.87
e (root & caulis) 8 mL 0.78 26.01 2.62 20.79 49.80 191
ap2 7} Perilla futescens B. 4 mL 0.79 26.27 2.63 20.81 49.51 1.88
- v. Crispa D. (seed) 8 mL 0.80 26.19 2.67 20.65 49.68 1.90
2}z Lithospermum officinale 4 mL 0.88 27.85 2.87 20.18 48.22 1.73
- L. (root) 8 mL 0.76 25.05 2.76 20.27 S1.15 2.04
2 A1 2} Broussonetia kozinoki 4 mL 0.79 26.41 2.70 20.66 49.44 1.87
: Sieb. (seed) 8 mL 0.80 26.28 2.72 20.60 49.59 1.89
0% Anthriscus sylvestris 4 mL 0.83 26.39 2.72 20.94 49.13 1.86
= Hoffman (root) 8 mL 0.78 26.33 2.79 20.89 49.21 1.87
21 5E Eugennia caryopyllata 4 mL 0.77 25.63 272 20.50 50.38 1.97
e T. (bud) 8 mL 0.79 2531 2.57 20.16 51.01 2.02
8 Sanguisorba officinalis 4 mL 0.77 26.17 2.66 20.78 49.62 1.90
o v. coreana (stem) 8 mL 0.89 25.97 2.59 20.53 50.01 1.93
2] Aconitum rocyanum 4 mL .79 26.27 2.73 20.81 49.41 1.88
= Raymund (root) 8 mL 0.75 25.61 2.79 20.69 50.15 1.96
e Atractyloides ovata 4 mL 0.76 26.18 2.69 21.00 49.37 1.89
e= Thunb. (root & caulis) 8 mL 0.78 26.46 2.61 20.91 49.24 1.86
BE? Cnidium officinale 4 mL 0.75 26.21 2.63 20.86 49.56 1.89
= Makino (aerial tuber) 8 mL 0.80 27.20 2.85 21.28 47.87 1.76
As Coffeea spp. 4 mL 0.75 25.74 2.70 20.64 50.17 1.95
(instant coffee) 8 mL 0.82 25.43 2.59 20.49 50.67 1.99
& AR Cuscuta japonica 4 mL 0.78 26.39 2.70 20.83 49.31 1.87
- Choicy (seed) 8 mL 0.81 26.61 274 20.89 48.95 .1.84
3% Thesium chinensis 4 mL 0.77 26.27 2.71 20.81 49.44 1.88
i Turc. (whole plant) 8 mL 077 25.83 2.60 20.66 50.13 1.94
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Table 3. continued
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= Botanical Name d71ek Ciao Cioo Cisa Cisa Cisz Cixo/Cion
o Polygonum multiflorium 4 mL 0.77 25.93 2.64 20.74 49.92 1.93
= Thunber (root) 8 mL 0.76 25.84 2.60 2071 50.09 1.94
. < Julans regia L. 4 mL 0.81 26.48 2.75 21.17 48.85 1.84
=T (seed) 8 mL 0.81 26.10 2.96 20.74 49.39 1.89
) Scutellaria baicalensis 4 mL 0.83 25.88 2.94 21.03 49.32 1.91
" George (root) 8 mL 0.80 26.16 272 20.76 49.54 1.89
—— Machilus rimosa v. 4 mL (.85 27.73 3.16 21.44 46.81 1.69
Tj thumbergii (cortex) 8 mL 0.83 2743 2.91 21.83 47.00 1.71
""The relative composition of myristic, palmitic, stearic, oleic and linoleic acid of original cottonseed oil before heating was 0.74,

23.51, 2.48, 19.39, 53.88%, respectively. The value of C,,,/C,., for the original cottonseed oil was 2.29.
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Table 4. Effects of 16 mL of methanolic extracts of Rheum undulatum L., Chelidonium majus L. var. asiaticum and
Eugennia caryopyllata T. on the fatty acid compositions of cottonseed oil during heating at 180°C for 8 days"

Ehat vy Botanical Name Cuo Cion Cis Cini Ciz Civo/Cian

W27 (Control) 0.87 28.56 2.96 22.09 45.53 1.59

ol 3 Rheum undulatum L. 0.85 28.22 2.96 21.89 46.08 1.63

w2 3] Chclidfmfum majus L. 0.81 26.71 2.90 20.89 48.69 1.82
var. asiaticum

2] 3k Eugennia caryopyllata T. 0.82 27.72 2.90 21.33 47.23 1.70

"The relative compos:tion of myristic, palmitic, stearic, oleic and linoleic acid of original cottonseed oil before heating was (.74,
23.51, 2.48, 19.39, 52.88%, respectively. The value of C,,./C,, for the original cottonseed oil was 2.29.
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Fig. 1. High performance size-exclusion chromatograms
of (A) cottonseed oil without additives, (B) cottonseed
oil with Rheum undeulatum L., (C) cottonseed oil with
Chelidonium majus L. var. asiaticum and (D) cottonse-
ed oil with Eugennia caryopyllata T. after 8 day heat-
ing at 180°C (Peak 1: monomeric triglycerides, Peak 2:
dimeric triglycerides, Peak 3: tetrametric triglycerides,
Peak 4: polymer larger than tetramer).
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Table 5. Effects of 16 mL of methanolic extracts of
Rheum undulatum L., Chelidonium majus L. var. asiati-
cum and Eugennia caryopyllata T. on polymer formation
of cottonseed oil during heating at 180°C for 8 days"

Peak Area (cm’)
Peak 1 Peak 2 Peak 3Peak 4
BIES 342 370 201 324
3 Rheum undulatum L. 315 381 138 229

W2 A Chelidonium majus L. 3.18 303 106 152
var. asiaticum

gkt Botanical Name

A3k Fugennia 296 365 147 201
Carvopvllata T.
"Peaks 1, 2, 3 and 4 represent monomeric triglycerides, di-

meric tnglycerldes tetrametric triglycerides and polymer larg-
er than tetramer, respectively.
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