
ABSTRACT: Oils from soybean lines, developed to contain
different amounts of palmitate (16:0) and linolenate (18:3), were
evaluated for oxidative stability. Oils were extracted in the lab-
oratory from the soybean seeds and refined, bleached, and de-
odorized. Two replications, separated at the point of condition-
ing, were evaluated for each genotype, including Hardin 
91 (normal beans), P9322 (10.6% 16:0 and <2.6% 18:3), 
A91-282036 (26.3% 16:0 and 9.8% 18:3), and HPLL (23.2%
16:0 and 3.5 % 18:3). Elevating 16:0 and/or lowering 18:3 in-
creased the oxidative stability of soybean oils as measured by
peroxide values. Soybean oils with elevated 16:0 had higher so-
lidification temperatures than did oils with normal 16:0 con-
tent, and soybean oils with low 18:3 content had higher solidi-
fication temperatures than did oils with normal 18:3 contents.
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Soybean oil is less stable at high temperatures than oils with
greater amounts of saturated fatty acids. The oxidative stabil-
ity of soybean oil can be improved by changing its fatty acid
composition. Neff et al. (1) demonstrated, in soybean oils of
various fatty acid and triacylglycerol compositions, that the
rate of peroxide formation increased with an increase in the
number of double bonds. They were able to generate similar
conclusions by using canola oils with different fatty acid
compositions and interesterified blends of soybean oil and
palm olein (2,3).

Because of its relatively high content of polyunsaturated
fatty acids, soybean oil is often partially hydrogenated to en-
hance the oxidative stability for high-temperature use. Dur-
ing hydrogenation, trans fatty acids (tFA) are formed. Be-
cause of concerns over tFA, the U.S. Food and Drug Admin-
istration is reviewing whether to require labels of processed
foods to include information on dietary tFA contents (4).

Without hydrogenation, oxidative stability of soybean oil
can be enhanced by increasing content of saturated fatty acids
and decreasing polyunsaturated fatty acid contents by breed-

ing. Researchers at Iowa State University have developed
soybean lines that contain elevated palmitate (16:0, 23–25%
vs. 11.0% as normal) (5) with different linolenic acid (18:3)
contents (2.7–9.3%) (6). Naturally saturated oils also should
have fewer processing costs and should result in more profit
for the farmers and/or less cost for the consumers. Miller and
White (7,8) reported that oil from the soybean line A6, con-
taining 20% stearate (18:0), was more stable than oils from
commercial cultivars, and several other studies have shown
superior oxidative stability of soybean oils with low linolenic
acid content (1,9–11). Soybean oils with high palmitic acid
and reduced linolenic acid contents also may have greater ox-
idative stabilities than traditional soybean oils. The objectives
of this study were to investigate the oxidative stability of soy-
bean oils with combinations of high 16:0 and either normal
(~8%) or reduced (~3%) 18:3 contents.

MATERIALS AND METHODS

Materials. The commercial soybean cultivar (Hardin 91), a
low-linolenic acid (18:3) and normal-palmitic acid (16:0)
soybean cultivar (P9322), an elevated-16:0 and normal-18:3
soybean line (A91-282036, abbreviated as A91), and an ex-
perimental soybean line with high 16:0 and low 18:3 (HPLL)
were grown near Ames, IA, in 1993 (Table 1).

Despite attempts to match the 16:0 contents of A91-
282036 and HPLL and the 18:3 contents of P9322 and HPLL,
these values were not the same because of genetic differences
among the genotypes. The individual and combined influ-
ences of 16:0 and 18:3, however, could still be studied in the
oils extracted from these beans.

Oil extraction. The moisture content of the soybeans was
measured by using a Gac2000 Grain Analysis Computer
(Dickey-John Corporation, Auburn, IL). To equalize mois-
ture contents among all soybean lines, moisture was adjusted
to 11% by spraying the appropriate amount of water over the
beans, thoroughly mixing them, and storing them overnight
at 5°C. Random moisture evaluations of the beans after stor-
age indicated homogeneity in moisture distribution. Samples
from each genotype were divided into two lots after moisture
conditioning to give two replications for each of the four soy-
bean genotypes. 
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The extraction method (Fig. 1) was developed from a
method described by Hassanen (12) and Reuber (13) and is
fully reported here. The replicates of flakes (0.70 kg) were put
into two vessels and extracted simultaneously at 60°C and at
a ratio of 2:1, hexane/flakes, in the laboratory extraction sim-
ulator. During extraction, miscella was pumped to the vessels
that contained the flakes through which it percolated. The
pumping rate was controlled to maintain 1.0 cm of miscella
over the flakes. Flakes from each replicate were extracted
three consecutive times (stages) with fresh hexane for 6 min
of recirculation, plus 3 min for draining. The miscella collec-
tions from the three stages were pooled. The time interval
from cracking to extracting was kept between 45 to 50 min
for each extraction.

The miscella was desolventized in a rotary evaporator
(Wheaton, Heidolph, Germany) at 60°C at 80 ppm. For each
replicate, 2 h was needed for desolventization. After desol-
ventizing, the crude oils were stored at −14°C under nitrogen

until needed. The crude oil yields (in percentage of flake
weight) were 23.3% for Hardin 91; 23.5% for P9322; 19.2%
for A91; and 19.4% for HPLL.

Refining, bleaching, and deodorization. Crude oils from
each replicate were refined, bleached, and deodorized as de-
scribed by Shen et al. (14). Crude oils were refined according
to AOCS Official Method Ca-9d-52 (15), bleached based on
the AOCS Official Method Cc-8b-52 (15), and deodorized by
high vacuum (<0.5 Torr) and high temperature (230 to 240°C
for 2 h) as described by Stone and Hammond (16) and modi-
fied according to Moulton (17). Duplicate sets of each oil
were refined, bleached, and deodorized separately. The oil
was stored under nitrogen at −14°C until needed. The yields
of refined, bleached, and deodorized (RBD) soybean oils
were 78.7% of crude oil for Hardin 91; 75.1% for A91; 74.2%
for P9322; and 78.4% for HPLL.

Accelerated stability tests at 60°C in the dark. Accelerated
stability tests were conducted at 60°C. Eight replicate oil
samples (0.040 kg) were stored in 100-mL beakers without
covers at 60°C in the dark until sufficiently oxidized. Every
other day, an aliquot of soybean oil was removed for analysis.
Analyses on oil replicates were measured twice and averaged.

Peroxide values (PV) were measured according to the
Stamm method as modified by Hamm et al. (18). Triacylglyc-
erides were converted into fatty acid methyl esters (FAME)
according to a method described by Hammond (19). The
FAME were injected onto a Hewlett-Packard 5890 Series II
gas chromatograph (Kennett Square, PA), which was
equipped with a flame-ionization detector and split/splitless
injector. A DB-23 fused-silica capillary column was used
with dimensions of 0.25 mm × 15 m × 0.25 µm film thickness
(J&W Scientific Inc., Rancho Cordiva, CA). Chromato-
graphic parameters were set as follows: injector temperature
250°C, detector temperature 250°C, column temperature
200°C, and carrier gas (helium) flow rate 100 mL/min.

Cloud point test. A cloud point test was performed accord-
ing to modifications of AOCS Official Method Cc 6-25 (15).
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TABLE 1
Calculated Oxidizability of Soybean Oils and Fatty Acid Composition (relative area %)a

Fatty acid composition by GLC (%)b Calculated
Soybean oil Days 16:0 18:0 18:1 18:2 18:3 oxidizabilityc

Hardin 91 0 10.3 5.2 25.2 52.0 7.4 7.2
32 10.8 5.0 25.3 51.8 7.2

P9322 0 10.6 4.7 26.4 55.5 2.6 6.5
32 11.0 5.0 26.9 54.7 2.5

A91-282036 0 26.3 4.5 15.0 44.4 9.8 6.8
32 27.1 4.4 15.2 43.8 9.4

HPLL 0 23.2 4.8 21.6 47.3 3.5 5.8
32 23.4 4.8 21.4 47.1 3.4

aOf soybean oils extracted from laboratory-scale extraction before and after storage at 60°C in
the dark for 32 d.
bValues are the average of duplicate analysis of two replications.
cOxidizability = [oleate% + 10.3 (linoleate%) + 21.6 (linolenate%)]/100 (Ref. 23); GLC,
gas–liquid chromatography.

FIG. 1. Diagram of laboratory-scale extraction apparatus for extracting
oil from soybean flakes with hexane.



An aliquot (15 g) of each of the eight soybean oil replicates
was placed in a 30-mL beaker. Each sample was heated to
130°C, then cooled to 50°C before being placed in an ice-
water bath. During cooling in the water bath, the oil was
stirred with a thermometer to prevent uneven crystallization
of the oil. The end point was determined when the thermome-
ter could not be seen at the back of the beaker when viewed
horizontally.

Tocopherol contents. Tocopherol contents for each repli-
cate of the RBD soybean oil were determined in duplicate ac-
cording to Dove and Ewan (20). Although tocopherol con-
tents are influenced by processing, amounts in the finished
oils were analyzed because of potential effects on oxidation
during storage. Differences in tocopherol levels from crude
to deodorized oil were assumed to be relative from one oil
type to another because of controlled processing conditions.

Statistical analysis. A randomized 2 × 2 factorial design
was used for this experiment. Data from all treatments were
analyzed by standard analysis of variance procedures (21).
Differences in mean values among treatments were deter-
mined by the least significant difference test at P = 0.05 (21).

RESULTS AND DISCUSSION

Fatty acid compositions of the soybean oils, initially and after
storage, are listed in Table 1. No significant differences were
noted.

After day 10, soybean oils with reduced 18:3 and/or
elevated 16:0 contents (P9322, A91, and HPLL) tended to
have lower PV than did the oil with normal 18:3 and 16:0
contents (Hardin 91) (Table 2). After 8 d of storage, Hardin

91 had significantly greater PV than did HPLL oil. After day
14, soybean oil with reduced 18:3 content (P9322) had 
PV similar to those of soybean oil with high 16:0 content
(A91). Both White and Miller (22) and Liu and White (9)
reported that soybean oil with elevated stearate content had 
a significantly greater oxidative stability than did normal
soybean oil, and soybean oils with low 18:3 contents
oxidized at significantly lower rates than did oils with nor-
mal 18:3 contents.

In evaluating canola oils with different fatty acid composi-
tions, Neff et al. (2) noted that the oxidative instability of
canola oil was positively correlated with the amount of 18:3
content. Neff et al. (3) studied the oxidative stabilities of
blends and interesterified blends of soybean oil and palm
olein and concluded that oxidative stability was improved by
lowering the 18:3 content.

The calculated oxidizability (23) of the soybean oils
(Table 1) suggested the order of oxidation to be Hardin 91 >
A91 > P9322 > HPLL. In this study, the PV of the oils during
storage came close to these predicted values. A91 tended to
have slightly lower PV than did P9322; however, these dif-
ferences were significant only on day 10. Because the oxidiz-
ability of soybean oil is based on the percentage contents of
unsaturated fatty acids, the influence of different 16:0 con-
tents of soybean oils was not directly reflected in the calcu-
lated oxidizability. Because of the high 18:3 content (9.8%),
A91 had the second greatest calculated oxidizability; how-
ever, A91 tended to have a slightly lower PV than P9322.
P9322 had the greatest 18:2 content, whereas A91 had the
lowest 18:2 content.

The soybean oils were evaluated by a modified cloud point
test to characterize their potential use as refrigerated salad oils
(Table 2). For a given fatty acid composition, the cloud point
temperature is usually constant and depends mainly on the
amount of saturated fat present (24). The four soybean oils
were liquid at 25°C. The commercial soybean oil, with nor-
mal 16:0 and 18:3, had a significantly lower cloud point than
did the other oils. The other three soybean oils, with either
greater 16:0 contents or lower 18:3 contents, or both, had
cloud points that were close to each other. This information
was in agreement with the PV measurements, except for
HPLL.

The tocopherol contents of soybean oils are shown in
Table 3. There were significant differences among the oils in
tocopherol contents for all homologues except γ-tocopherol.
A91 had the greatest amounts of all other tocopherol homo-
logues, whereas Hardin 91 had the lowest amounts of α- and
β-tocopherol and tended to have the lowest amount of δ-
tocopherol. The greater contents of these three tocopherol ho-
mologues in A91 may have helped its stability, considering
that the calculated oxidizability of A91 was slightly greater
than that of P9322, yet the two oils had similar PV through-
out storage. HPLL was second in the amounts of these three
tocopherol homologues, and had a much lower calculated ox-
idizability, both of which likely contributed to its significantly
lower PV.
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TABLE 2
Peroxide Values (meq/kg) and Cloud Points of Soybean Oils 
During Storage at 60°C in the Darka

Soybean oil genotypes

Day Hardin 91 P9322 A91 HPLL

Peroxide value
0 0.2a 0.2a 0.1a 0.2a

2 0.3a 0.3a 0.3a 0.3a

4 0.5a 0.4a 0.4a 0.4a

6 0.7a 0.6a 0.6a 0.7a

8 1.7a 1.1a 0.9a 0.8a

10 7.8b 5.1b 1.4a 1.2a

12 16.2b 10.5b 4.1a 3.1a

14 24.9b 16.2a,b 11.5a 7.0a

16 35.0b 24.3a,b 23.3a,b 13.9a

18 45.5c 36.1b,c 34.8b 18.5a

20 60.8b 45.7a,b 43.1ab 24.7a

22 71.7b 54.7a,b 55.4a,b 35.2a

24 79.2b 62.9a,b 69.2a,b 43.7a

26 94.1bb 89.2b 83.1b 47.5a

28 110.0b 99.3a,b 98.5a,b 59.9a

30 139.2b 114.2a,b 111.5a,b 73.8a

Cloud point (°C) 2.5a 3.9b 4.0b 4.1b

aValues in the same row with different superscripts (a–c) were significantly
different (P ≤ 0.05).
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TABLE 3
Tocopherol Contents (mg/kg) of Refined, Bleached, 
and Deodorized Soybean Oilsa

Tocopherol Soybean oil genotypes

homologue Hardin 91 P9322 A91 HPLL

α 43.9a 78.9b 105.1c 79.5b

β 1.9a 8.3b 18.0d 12.1c

γ 317.5a 317.6a 423.0a 332.4a

δ 80.2a 108.8a 238.1c 144.2b

Total 443.5 513.6 784.2 568.2
aValues in the same row with different superscripts (a–d) were significantly
different (P ≤ 0.05).


