
ABSTRACT: The stability parameters of 22 samples of soybean
oil produced in Mexico were determined. Samples were ana-
lyzed for moisture, color, free fatty acids, peroxide value, p-ani-
sidine value, fatty acid profile, metals, flavor, and Rancimat test
for oxidative stability. Results obtained were compared with the
stability parameters of soybean oils produced in the United States
and Costa Rica. The fatty acid profile in all samples analyzed cor-
responded to the expected profile for a 100% soybean oil. Sixty-
four percent of the oils had oxidative stabilities similar  to those
reported for soybean oils from the United States and Costa Rica.
This suggests that in spite of the good quality, the soybean oil pro-
duction process in Mexico needs further improvement. Especially
important is maintaining appropriate control during the degum-
ming and bleaching steps. Special consideration should be given
to preserving the natural antioxidants present in the oil.
JAOCS 75, 1729–1733 (1998).
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Soybean is the most important oilseed in the world market.
During 1995–1996, the breakdown of 245 million metric tons
of worldwide oilseed production was soybean, 51%; rapeseed,
14.3%; cottonseed, 13.9%; peanut, 10.6%; and sunflower
10.5% (1). Factors that contribute to soybean’s importance
worldwide are the high demand for soy flakes and oil. The con-
sumption of soybean oil in the United States is higher than for
any other vegetable oil. During 1992, 77% of the total fats and
oils consumed in the United States was soybean oil (2).

The high polyunsaturated fatty acid (PUFA) content in
soybean oil is very attractive for meeting the essential fatty
acid requirements in human nutrition (3). The PUFA in soy-
bean oil, however, are susceptible to oxidative reactions.
Therefore, appropriate processing conditions should be used
to eliminate or reduce impurities such as phospholipids,
gums, metals, free fatty acids (FFA), oxidation products, and
pigments, in order to ensure the best oil quality attributes. The
impurities are eliminated through degumming (4–7), caustic
refining (8), bleaching (9–11), and deodorization (12,13). The

purpose of the present study was to analyze the oxidative sta-
bility of 22 soybean oil samples (M1–M22) produced in 18
refining factories in Mexico (60% of total refining factories).
The stability parameters analyzed were moisture, color, FFA,
peroxide value (PV), p-anisidine value (AV), flavor, phospho-
rus, trace minerals, oxidative stability, and fatty acid profile.
The results were compared to those found in soybean oils pro-
duced in the United States (E1, E2) and Costa Rica (C1).

EXPERIMENTAL PROCEDURES

Oil sample collection. Oil samples from the local markets in
Mexico and Costa Rica were collected by the American Soy-
bean Association-Mexico. Reference oil samples were pur-
chased in the United States of America. 

Quality and stability parameters. Quality parameters were
checked in all samples immediately after arrival at the labora-
tory. In order to test for oxidative stability, all samples were
stored in closed clear plastic containers and exposed to light at
room temperature (27–30°C) continuously for 180 d. Certain
analyses were performed at arrival and on a monthly basis:
moisture (Ca 2d-25), color (Cc 13e-92), FFA (Ca 5a-40), PV
(Cd 8-53), AV (Cd 18-90), flavor (Cg 2-83), and phosphorus
(Ca 12-55). The analyses were performed according to standard
methods of the AOCS (14). Copper, calcium, magnesium, and
iron were determined with atomic absorption spectrophotome-
try (Perkin-Elmer 3100; Perkin-Elmer de Mexico, Mexico,
D.F.). The oil stability index was determined using the Totox
(AV + 2PV), (15,16) (M1–M15) and with Metrohm Rancimat
(Metrohm 679; Herisau, Switzerland) (M16–M22). The oil
sample size was 3.0 g, the air flow rate was 20 L/h, and the tem-
perature was set at 110°C (17,18). Fatty acids from oil samples
were analyzed as methyl esters (AOCS Ce 2-66) by gas chro-
matography in a Varian 6000 chromatograph. A flame-ioniza-
tion detector and a 6 ft × 1/8′′ stainless steel packed column of
GP 3% SP-2310/2% SP-2300 as packing material (Chromosorb
W AW; Supelco Inc., Bellefonte, PA) were used. The initial
oven temperature was 190°C for 2 min.; this was increased to
220°C at 2°C/min. The carrier gas was nitrogen with a flow rate
of 20 mL/min. Retention times and peak areas were processed
by a computing integrator Varian CDS 401 Varian de Mexico,
Mexico, D.F. Identification and quantitation were done by com-
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parison with the retention times and peak areas of known stan-
dards (Sigma, St. Louis, MO).

Statistical analysis. Data obtained were subjected to one-

way analysis of variance and Tukey’s test analysis. Signifi-
cance was declared at P < 0.05. Chart control was also prepared
to detect any trend in quality oil behavior by using statgraphic
software (Statistical Graphics Corp., Rockville, MD).

RESULTS AND DISCUSSION

Samples are presented beginning with the initial letter of each
country (samples from Mexico are represented as M1–M22,
samples from the United States as E1 and E2, and the sample
from Costa Rica as C). C1 samples from the United States are
named as reference samples. Results are expressed as the mean
of two replicates and standard deviation.

Moisture. Soybean oils from Mexico (45%) presented accept-
able moisture levels (average moisture 0.08%), when compared
with the values obtained from reference oils E1 and E2 (0.08%)
(Table 1).

Color. Reference oils, and samples M13 and M14 had the low-
est color intensity. All oils, however, achieved the color criteria es-
tablished by the Official Mexican Norm (19), 20Y 3R (Table 1).

FFA. The majority of the Mexican oils tested (73%) and the
oil from Costa Rica exhibited FFA levels of between 0.04 and
0.06%. These values corresponded to the upper limit level of
FFA recommended for refined oils but not for deodorized oils
(4,13). However, there was no significant difference (P < 0.05)
in FFA between oils from the United States (E1 and E2) and the
oils produced in Mexico (M1, M17, M18, M21, and M22). The
maximal level of FFA recommended for deodorized edible oil
is 0.03% (13), (Table 2). In general, FFA levels did not correlate
with the sensory attributes of the oil samples (Fig. 1).
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TABLE 1
Moisture and Color in Soybean Oil Samples

Soybean oil Moisture (%)a Color (Lovibond)

E1 0.08 ± 0.02c 2.0Y 0.1R
E2 0.08 ± 0.01c 2.0Y 0.3R
C1 0.12 ± 0.01d 9.0Y 0.7R
M1 0.12 ± 0.01d 8.0Y 0.7R
M2 0.08 ± 0.01c 9.0Y 0.7R
M3 0.13 ± 0.01d 20.0Y 0.1R
M4 0.04 ± 0.01b 20.0Y 0.1R
M5 0.10 ± 0.01d 8.0Y 0.1R
M6 0.07 ± 0.00c 8.0Y 0.2R
M7 0.09 ± 0.00d 20.0Y 1.0R
M8 0.07 ± 0.00c 20.0Y 0.9R
M9 0.05 ± 0.01b 20.0Y 1.1R
M10 0.04 ± 0.00b 20.0Y 1.0R
M11 0.06 ± 0.01b 20.0Y 0.9R
M12 0.13 ± 0.01d 9.0Y 0.7R
M13 0.10 ± 0.01d 2.0Y 0.1R
M14 0.12 ± 0.01d 1.7Y 0.1R
M15 0.11 ± 0.01d 9.9Y 0.5R
M16 0.05 ± 0.00b 5.0Y 0.2R
M17 0.10 ± 0.00d 3.0Y 0.1R
M18 0.09 ± 0.01d 6.0Y 0.7R
M19 0.13 ± 0.01d 7.0Y 0.1R
M20 0.09 ± 0.01d 3.1Y 0.1R
M21 0.08 ± 0.01c 6.0Y 0.2R
M22 0.06 ± 0.01b 8.0Y 0.5R
aValues with different superscripts (b–d) are significantly (P < 0.05) different.
Y = Yellow, R = Red.

TABLE 2
Free Fatty Acids, Peroxide Value, and p-Anisidine Value of Soybean Oil Samplesa

Free fatty acids Peroxide
Soybean oil (% oleic acid) (mEq/kg oil) p-Anisidine

E1 0.03b 0.39 ± 0.01b 0.67 ± 0.01b

E2 0.02b 0.49 ± 0.01b 1.59 ± 0.05b

C1 0.04c 0.67 ± 0.07b 0.53 ± 0.00b

M1 0.03b 1.94 ± 0.15d,e 1.87 ± 0.00c

M2 0.05d 1.12 ± 0.07c 0.50 ± 0.07b

M3 0.05d 1.52 ± 0.05c 1.11 ± 0.21b

M4 0.05d 2.11 ± 0.02e 2.32 ± 0.00d

M5 0.06e 1.60 ± 0.19d 1.57 ± 0.09b

M6 0.06e 3.68 ± 0.38f 4.83 ± 0.29f

M7 0.05d 0.32 ± 0.00b 1.73 ± 0.14c

M8 0.04c 0.27 ± 0.00b 1.59 ± 0.38b

M9 0.04c 0.28 ± 0.00b 1.58 ± 0.37b

M10 0.05d 0.69 ± 0.01b 1.41 ± 0.10b

M11 0.04c 1.48 ± 0.00c 1.35 ± 0.24b

M12 0.07e 0.75 ± 0.03b 1.00 ± 0.21b

M13 0.06e 0.36 ± 0.01b 1.55 ± 0.17b

M14 0.06e 0.44 ± 0.02b 0.75 ± 0.09b

M15 0.06e 0.68 ± 0.03b 0.73 ± 0.21b

M16 0.04c 0.64 ± 0.04b 3.90 ± 0.52e

M17 0.03b 0.35 ± 0.09b 1.17 ± 0.18b

M18 0.03b 0.60 ± 0.03b 0.82 ± 0.01b

M19 0.04c 0.60 ± 0.01b 1.00 ± 0.05b

M20 0.04c 0.62 ± 0.02b 0.57 ± 0.16b

M21 0.03b 0.71 ± 0.05b 0.66 ± 0.06b

M22 0.02b 0.69 ± 0.00b 3.61 ± 0.10e

aValues in columns with different superscripts (b–f) are significantly (P < 0.05) different.
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FIG. 1. Soybean oil flavor at the beginning of the experiment and after 90 d of storage.

TABLE 3
Fatty Acid Profile of Soybean Oil Samples

Fatty acids (%)

Soybean oil Palmitic Stearic Oleic Linoleic Linolenic

E1 10.5 2.8 23.4 54.5 8.7 
E2 10.3 2.2 23.2 55.0 8.5
C1 10.2 2.5 36.8 44.4 6.1
M1 7.5 1.6 40.4 41.7 8.7
M2 11.0 2.6 21.6 55.8 9.0
M3 11.2 2.2 22.5 56.3 7.8
M4 10.4 2.6 23.5 55.4 7.5
M5 9.2 2.2 34.0 46.1 8.5
M6 8.5 2.8 18.9 64.7 4.2
M7 10.2 2.7 29.1 51.9 5.4
M8 9.8 2.5 28.8 51.2 6.8
M9 10.2 2.6 28.2 51.0 7.0
M10 10.1 2.7 29.1 51.9 5.4
M11 9.8 2.6 28.8 51.2 6.8
M12 11.1 2.6 22.6 55.7 7.4
M13 11.0 2.7 22.7 54.3 9.4
M14 11.2 2.5 22.3 53.9 9.5
M15 9.8 2.5 23.0 57.2 7.5
M16 10.7 2.5 21.8 54.8 9.7
M17 10.6 3.0 22.4 54.0 9.1
M18 10.7 2.5 22.7 55.5 7.8
M19 10.9 2.7 22.7 55.2 8.0
M20 11.0 2.2 23.7 55.2 7.2
M21 5.4 50.1 28.9 10.9 3.1
M22 5.8 50.1 28.5 11.0 3.1



PV. Similar PV levels (P < 0.05) exhibited the oil from
Costa Rica, reference oils and 68% of the oils produced in
Mexico (Table 2). Samples M1, M4, M5, and M6 had a high
PV; however, only sample M1 developed a painty flavor (Fig.
1). PV was analyzed at 30, 60, 90, and 180 d. Initially, sample
C1 had a higher PV than the PV reported for E1 and E2. In spite
of this, the PV for this sample was lower than E1 and E2 PV at
the end of the storage period.

AV. The AV normally accepted is 2 for fresh soybean oil
presenting good stability (15). Of the soybean oil samples an-
alyzed in this study, several samples did not meet the AV
quality parameter: M4, M6, M16, and M22 (Table 2).

Flavor. At the start of the experiment, 41% of the oils pro-
duced in Mexico and the Costa Rica oil had a flavor similar to

that reported for the reference samples (Fig. 1). After storage
for 90 d, the flavor profile of one Mexican sample (M1) had
changed significantly (Fig. 1). The flavor note normally used
for fresh oil is nutty and bland, moderate, or definite. The ma-
jority of the samples (86%) fell into these categories. Only six
Mexican samples were found to have buttery flavor (M3,
M9–12, M15). It is interesting that in all samples analyzed the
nutty flavor was lost after 90 d of storage. However, samples
that initially (day 0) exhibited buttery flavor (M10 and M11)
changed from buttery moderate to buttery strong. On the other
hand, samples that originally presented a nutty flavor (e.g., E1,
E2, C1, and M2) exhibited a substantial flavor change (buttery
strong or buttery definite) after 90 d of storage.

Fatty acid profile. The fatty acid profile in all samples corre-
sponded to the expected profile for 100% soybean oil (Table 3).
It can be seen from Table 3 that, according to the Official Mexi-
can Norm for Pure Soybean Edible Oil (19), almost all samples
analyzed were composed mainly of soybean oil, except two sam-
ples (M21 and M22) that had low levels of linoleic and linolenic
acids. These samples had nutty blend flavor characteristics at 0 d
of storage (Fig. 1) and exhibited Rancimat values similar (P <
0.05) to those of the reference oils E1 and E2 (Table 4).

Minerals. Phosphorus levels in all samples fell between
the expected values for samples that have been well
degummed (13). However, samples M1–3, M7–10, M12, and
M19 were not completely devoid of nonhydrated gums (Table
5). Normally, one finds a good correlation between high trace
mineral levels (pro-oxidants) and high PV (4,5); however, our
study did not confirm this correlation.
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TABLE 4
Rancimat in Soybean Oil Samples

Soybean oil Rancimata,b

E1 8.55  ± 0.05c,e,f

E2 9.12  ± 0.07d,f,g

C1 18.45  ± 0.55j

M16 10.70  ± 0.01g,h

M17 12.25  ± 0.65h,i

M18 23.25  ± 0.45k

M19 9.28  ± 0.30d,f,g

M20 13.65  ± 0.35i

M21 7.45  ± 0.22c,e,f

M22 6.57  ± 0.39e

aTime (h) at 110ºC.
bValues in column with different superscripts (c–k) are significantly (P < 0.05)
different.

TABLE 5
Minerals in Soybean Oil Samples (ppm)a

Soybean Minerals
oil Iron Copper Calcium Magnesium Phosphorus

E1 ND ND ND 1.71 ± 0.66b 0.02 ± 0.01b

E2 ND ND ND ND 0.01 ± 0.00b

C1 ND ND ND ND 0.04 ± 0.01c

M1 ND 0.64 ± 0.03b 28.4 ± 0.83b 6.21 ± 0.23c 0.01 ± 0.01b

M2 ND 0.72 ± 0.13c 28.5 ± 0.07b 7.66 ± 1.81c 0.01 ± 0.00b

M3 5.47 ± 0.01d 0.35 ± 0.05b 30.2 ± 3.09b 5.28 ± 1.42c ND
M4 ND ND ND ND ND
M5 ND ND ND ND 0.02 ± 0.01b

M6 ND ND ND ND ND
M7 ND 0.78 ± 0.03c 36.26 ± 5.09d 5.97 ± 0.10c ND
M8 ND ND 28.56 ± 0.59b 3.39 ± 0.29c ND
M9 ND 3.39 ± 0.29c 0.32 ± 0.02b 27.09 ± 0.89b 2.80 ± 0.31c

M10 ND 0.17 ± 0.02b 28.53 ± 0.80b 2.94 ± 0.16c ND
M11 ND ND ND ND ND
M12 ND 0.15 ± 0.00b 22.36 ± 0.63b 2.05 ± 0.12c ND
M13 ND ND ND ND ND
M14 ND ND ND ND ND
M15 ND 0.20 ± 0.05b 14.82 ± 0.50c ND ND
M16 0.24 ± 0.03b ND 12.42 ± 1.73c 3.55 ± 0.01c 0.01 ± 0.00b

M17 0.31 ± 0.04b 0.14 ± 0.00b ND ND 0.01 ± 0.01b

M18 1.50 ± 0.16c 0.49 ± 0.00b ND ND 0.01 ± 0.00b

M19 1.58 ± 0.28c 0.72 ± 0.22c 40.01 ± 1.65d 2.39 ± 0.07c 0.01 ± 0.00b

M20 7.84 ± 1.90d 0.58 ± 0.11b ND 12.26 ± 2.67d ND
M21 0.09 ± 0.00b 3.43 ± 0.05e ND ND ND
M22 ND 1.44 ± 0.05d 17.43 ± 5.98c ND ND
aValues in columns with different superscripts (b–e) are significantly (P < 0.05) different. ND = not detected <0.01 ppm.



Oxidative stability. The Totox value was used to validate
the oxidative stability of samples. Results showed that 64%
of the oil samples from Mexico and the one from Costa Rica
presented values similar to those of the reference samples.
After 90 d of storage, 11 Mexican oils had lower Totox val-
ues than the reference samples. Samples M1–M3 and M5,
nevertheless, had the highest Totox value after 90 d of stor-
age (Table 6).

A Rancimat test was also used to probe the oxidative sta-
bility in oils (M16–M22). These samples presented accept-
able Rancimat values when compared with those obtained
from the reference oils E1 and E2 (Table 4). All samples
(M16–M22) had a nutty flavor at 0 d of storage (Fig. 1). These
samples also exhibited PV levels similar (P < 0.05) to those
found in the reference oils (Table 2).
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TABLE 6
Totox in Soybean Oils Samples at the Beginning of the Experiment
and After 90 D of Storagea

Totox Totox

Soybean oil 0 days 90 days

E1 1.45 ± 0.02b 33.68 ± 0.76d

E2 2.56 ± 0.03c 36.34 ± 0.11d

C1 1.75 ± 0.26b 18.55 ± 0.24b

M1 5.95 ± 0.50e 152.05 ± 2.80h

M2 2.70 ± 0.22c 60.44 ± 0.71g

M3 4.20 ± 0.32d 40.62 ± 0.41e

M4 6.53 ± 0.04f 26.24 ± 1.02c

M5 5.77 ± 0.49e 45.00 ± 0.81f

M6 12.19 ± 1.04g 30.66 ± 2.83c,d

M7 2.37 ± 0.14c 15.95 ± 0.21b

M8 2.14 ± 0.37b 16.50 ± 0.21b

M9 2.14 ± 0.38b 17.36 ± 0.37b

M10 2.78 ± 0.08c 14.43 ± 0.07b

M11 4.30 ± 0.23d 18.27 ± 0.21b

M12 2.50 ± 0.27c 13.95 ± 0.15b

M13 2.28 ± 0.16b 12.65 ± 0.35b

M14 1.64 ± 0.15b 12.00 ± 1.00b

M15 2.01 ± 0.17b 25.00 ± 1.05c

M16 5.18 ± 0.60e ND
M17 1.87 ± 0.37b ND
M18 2.02 ± 0.06b ND
M19 2.21 ± 0.07b ND
M20 1.98 ± 0.09b ND
M21 2.09 ± 0.03b ND
M22 4.99 ± 0.09e ND
aValues in columns with different superscripts (b–h) are significantly (P < 0.05)
different.
ND, not determined


