
ABSTRACT: During storage and use, vegetable oil-derived in-
dustrial products such as biodiesel and biodegradable lubricants
can be subjected to conditions that promote oxidation of their
unsaturated components. The materials arising during oxidation
and subsequent degradation can seriously impair the quality and
performance of such products. Therefore, oxidative stability is a
significant issue facing these vegetable oil-derived products, and
enhanced understanding of the influence of various components
of vegetable oils and storage parameters is necessary. In this
work, the oil stability index (OSI) was used for assessing oxida-
tion of monoalkyl esters of FA by varying several parameters.
Neat fatty compounds and prepared mixtures thereof were stud-
ied for assessing the influence of compound structure and con-
centration. Small amounts of more highly unsaturated com-
pounds had a disproportionately strong effect on oxidative stabil-
ity. The recently developed concept of bis-allylic equivalents
correlated more closely than the iodine value with the OSI times
of mixtures of fatty esters. The OSI times of free acids were shorter
than those of the corresponding alkyl esters. The presence of cop-
per, iron, and nickel also reduced oxidative stability, but their ef-
fect was less than the presence of more highly unsaturated fatty
compounds. Of these metals, copper had the strongest catalytic
effect on OSI time. OSI may be an alternative to long-term stor-
age tests for determining the influence of extraneous materials
such as metals on oxidative stability. 
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The oxidation of lipids is the subject of intense research (1).
During exposure to air, unsaturated fatty compounds especially
can form oxygenated species such as hydroperoxides and sub-
sequent degradation products. The FA composition of a fatty
material is a major factor influencing oxidation. Generally, the
FA composition of products derived from vegetable oils or ani-
mal fats corresponds to that of the parent oil or fat. Thus, the
oxidation reaction of unsaturated fatty compounds with vary-
ing amounts of double bonds affects the quality and utility of
fatty materials in diverse areas such as nutrition and industrial
applications. Some affected industrial applications are lubri-
cants and biodiesel (monoalkyl, usually methyl, esters of veg-

etable oils or animal fats), a promising alternative fuel for use
in compression-ignition (diesel) engines (2,3). The issue of ox-
idative stability affects biodiesel mainly by contact with air
during storage and affects lubricants through contact of the lu-
bricant with hot engine parts accelerating the oxidation process. 

The oxidation of fatty materials such as biodiesel is affected
by other factors, such as elevated temperature, light, the pres-
ence of metals, and other parameters that may accelerate oxi-
dation (4–13). The exhaust emissions of a diesel engine operat-
ing on biodiesel are influenced by oxidation of the biodiesel
fuel (14–15). Also, the term “oxidative stability” is more gen-
eral and is distinguished from the term “storage stability” since
oxidation may occur not only during storage but also during
production and use. 

Generally, the rate of oxidation of fatty compounds depends
on the number of double bonds and their position (1). The oxi-
dation chain reaction is usually initiated at the positions allylic
to double bonds. Thus, FA with methylene-interrupted double
bonds, for example, linoleic acid [(9Z,12Z)-octadecadienoic
acid], are more susceptible to oxidation because they contain
methylene groups that are allylic to two double bonds. FA with
two such methylene groups, for example, linolenic acid
[(9Z,12Z,15Z)-octadecatrienoic acid], are even more suscepti-
ble to oxidation. 

A method for assessing oxidative stability is the oil stability
index (OSI) (16–19; also frequently termed the “oxidative sta-
bility index”). The OSI method is based on determining the
time (usually termed “induction time”) before the maximum
rate change of oxidation by measuring the increase in conduc-
tivity of deionized water caused by dry air bubbled through a
heated sample that carries the resulting volatile acids into a sep-
arate container with the deionized water. The OSI method is
considered to be an automated replacement for the active oxy-
gen method (20), for which difficulties were noted in the litera-
ture (17). Although problems with the OSI method have been
noted (21,22), it yields results that are useful for making semi-
quantitative predictions. Other methods that have been studied
for assessing oxidative stability include (pressurized-)DSC
(23–25) and several others, including wet chemical methods
such as the PV (26,27). 

This paper investigates the influence of compound structure
and concentration of individual fatty compounds as well as the
presence of metals on the oxidative stability of fatty com-
pounds using the OSI method. The most common FA esters
that occur in vegetable oils and animal fats were investigated.
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Three neat metals—copper, iron, and nickel, commonly found
in metal containers—were added to some samples to study the
effect of exposure of fatty compounds to them. Methyl oleate
(5 g) was selected as the standard fatty compound for oxida-
tion studies. 

EXPERIMENTAL PROCEDURES

All FA and esters, including triolein, were obtained from Nu-
Chek-Prep, Inc. (Elysian, MN) and were of >99% purity (con-
firmed by GC–MS analyses of randomly selected samples). Cop-
per, iron, and nickel metals in different specifications were pur-
chased from Aldrich (Milwaukee, WI), used as received, and
stored under nitrogen. The amounts of fatty compound and metal
used for each experiment are given in Figure 1 and Tables 1–3. 

The oxidative stability instrument was manufactured by
Omnion (Rockland, MA) under license from Archer Daniels
Midland Co. (Decatur, IL). Generally, the procedure of the
AOCS OSI Method Cd 12b-92 (16) was followed. The appara-
tus as described in that method was modified slightly by ex-
tending the effluent vent by approximately 20–25 cm using an
inverted Pasteur pipette placed in the stopper of the sample
tube. This minimized evaporative loss of deionized water used
as solvent in the conductance cell. Temperatures (70 and 90°C)
were lower than prescribed in the method, and runs were often
longer (up to 90 h) than suggested by the method. All OSI val-
ues given here were determined as averages of three replicates.
Replications were usually carried out during the same run on
the OSI instrument, as it can accommodate up to 24 simultane-
ous samples, but in some cases replicates were carried out in
separate runs. 

RESULTS AND DISCUSSION 

The OSI (16) was selected as a relatively rapid and easy-to-use
method for assessing oxidative stability. Some concerns exist,
however, about its reproducibility (21,22). Therefore, all sam-

ples were run in triplicate, and averages are reported here. A
possible alternative being studied is pressurized DSC (23–25).
An OSI method for determining oxidative stability of methyl
soyate treated with antioxidants has been reported (23). 

The temperature range (100–140°C) prescribed in the OSI
method (16) appears to be too high to correlate well with “real-
world” storage conditions. Also, OSI values obtained at 110°C
reportedly do not correlate with content of unsaturated FA in
various fatty materials (17). A relatively low temperature
(50°C) has been applied to the OSI method (23). In light of
these results, the temperatures selected for the present study
were 70 and 90°C. Earlier studies (23) showed that variances
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FIG. 1. Oil stability index (OSI) times at 90°C of varying amounts of neat
methyl oleate and triolein. 

TABLE 1
Oil Stability Index (OSI) Values of Neat Fatty Compounds (5 g)
at 70 and 90°C

OSI value (h)
Compound 70°C 90°C

Methyl palmitoleate (C16:1) >90 22.06
Methyl petroselinate (C18:1, ∆6) >90 14.86
Oleic acid (C18:1, ∆9) 38.82 6.63
Methyl oleate 55.63 10.70
Ethyl oleate — 10.86
Propyl oleate — 11.78
Butyl oleate — 26.1
Triolein >90 17.40
Methyl vaccenate (C18:1, ∆11) >90 15.86
Linoleic acid (C18:2, ∆9, ∆12) 1.82 0.75
Methyl linoleate (C18:2) 4.56 1.20
Methyl linolenate (C18:3) 5.48 —a

Methyl 11-eicosenoate (C20:1) 57.22 12.95
Methyl erucate (C22:1) 59.46 13.86
aNo OSI value determinable. 

TABLE 2
OSI Values at 90°C of Some Prepared Mixtures
(5 g total weight) of Fatty Compounds

Mixture Components Wt% OSI value (h) IVa BAPEb APEc

A Methyl stearate 10 1.83 111.88 40 180
Methyl oleate 60
Methyl linoleate 20
Methyl linolenate 10

B Methyl stearate 20 1.53 112 50 160
Methyl oleate 40
Methyl linoleate 30
Methyl linolenate 10

C Methyl stearate 30 1 120.92 70 140
Methyl oleate 20
Methyl linoleate 30
Methyl linolenate 20

D Methyl stearate 45 0.55 112.54 75 110
Methyl oleate 10
Methyl linoleate 15
Methyl linolenate 30

E Methyl stearate 90 3.65 17.24 10 20
Methyl linoleate 10

aCalculated from Equation 2 in Reference 35.
bBAPE = bis-allylic position equivalents. Calculated from Equation 7 in Ref-
erence 35.  
cAPE = allylic position equivalents. Calculated from Equation 5 in Reference
35. See Table 1 for other abbreviation.



of the OSI times tended to increase with increased OSI times.
Therefore, experiments conducted in the present work were ter-
minated after 90 h (23). Results are reported in Tables 1–3 and
Figure 1. 

Pure compounds or prepared mixtures thereof were studied
to better assess the effect of these compounds on oxidation. In
“real” mixtures of fatty compounds, these effects are obscured to
some degree by their more complex nature, as they are mixtures
of numerous fatty compounds and often some other materials.

Influence of structure and amounts of fatty compounds. The
OSI method (16) prescribes the use of 5 g of material for one
sample. However, the effluent (at constant air flow) generated
by the method depends on the concentration of the materials
being oxidized, i.e., on the number of double bonds per 5 g
sample. Therefore, on a molecular basis, the OSI values of
compounds with equal numbers of double bonds per molecule
but different M.W. are not directly comparable unless a correc-
tion is made for the differing M.W. (this may be seen as a short-
coming of the OSI method). Such corrections may affect the
interpretation of oxidative stability studies in general. 

With increasing M.W. and a constant number of double bonds
per molecule, the “molar” concentration of double bonds de-
creases, and OSI should therefore increase. Conversely, with de-
creasing M.W. and a constant number of double bonds, the
“molar” concentration of double bonds increases, and OSI
should therefore decrease. Two approaches are possible for
studying the influence of “molar” concentration of double bonds
to obtain the correction for differing M.W. just noted. One is to
compare OSI times of pure compounds of different M.W. but
identical number of double bonds per molecule. The other is to
use the same pure material but to vary the sample amounts be-
yond the 5 g prescribed in the OSI method since this approach
has the same effect as varying the “molar” concentration of dou-
ble bonds but not the number of double bonds per molecule. 

The OSI values of both neat methyl 11-eicosenoate and
methyl 13-docosenoate (methyl erucate) were longer than the

OSI value of methyl oleate (Table 1). This confirms the predic-
tion that OSI times are increased when the molar concentration
is lower as a result of the higher M.W. of the compounds tested.
More pure compounds of similar nature would thus need to be
studied to confirm the prediction. 

The position of the double bond was shown to play a role in
oxidation (28). In that work, the OSI values of several mono-
ene methyl esters deviated substantially from that of methyl
oleate at 90°C. Deviations were observed in the present work
also, but of lesser magnitude (Table 1) and also sometimes in
reverse order compared to the other study (methyl petroseli-
nate had a lower OSI time than methyl oleate in Ref. 28). One
possible explanation may be that compounds of high purity
(>99%) were investigated in the present work, whereas the ma-
terials studied previously (28) contained other components, in-
cluding small amounts of dienes. 

Free acids had lower OSI times than the corresponding es-
ters (Table 1). The presence of a saturated FFA in methyl
linoleate reportedly promoted oxidation (29). This result pre-
sents another reason for limiting free acids in the specifications
of standards for products such as biodiesel. 

The influence of varying amounts of neat methyl oleate on
OSI times is depicted in Figure 1. The amounts were varied
mainly to simulate changes in molar concentration of double
bonds with changing M.W., although two samples (2 and 8 g)
were chosen to test extreme variations of this kind. Although
scatter is recognizable in the range of 4.2–5.8 g sample, a trend
toward lower OSI values for greater amounts of compound ex-
ists. Least-squares regression analysis for the data in Figure 1
gives Equation 1,

OSI = −1.22 × M + 15.68 [1]

in which OSI is the OSI time and M is the weight of the sample
in grams. For this equation, R2 = 0.8420 (corrected for popula-
tion), and σy = 0.7488 (standard error of the y-estimate). Al-
though the low R2 indicates nonlinear behavior, scatter in the
results for 4.2–5.8 g methyl oleate is the likely cause. Omitting
the extreme values of 2 and 8 g, methyl oleate yields Equation
2,

OSI = −1.15 × M + 15.32 [2]

with R2 = 0.3013 and σy = 0.8467. However, the very similar
slope and intercept in Equations 1 and 2 strongly suggest that,
even in the case of the range 4.2–5.8 g methyl oleate, there is a
downward trend in OSI with increasing sample mass. This is
due to the aforementioned increase in the molar concentration
of double bonds that reduces OSI values, as there are more al-
lylic positions available to react with oxygen. 

To study the downward trend of OSI times with increasing
sample amount further, three sample weights of triolein were
investigated. The triolein samples confirmed the trend toward
reduced OSI times for greater amounts of sample. Triolein, the
TAG of oleic acid, had an OSI time greater than that of methyl
oleate. A reason for the higher OSI times of triolein may be its
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TABLE 3
OSI Values of 5 g Methyl Oleate at 90°C in the Presence of Metals

Metal Metal forma Amount of metal (mg) OSI value (h)

None — — 10.70b

Cu 150 mesh 10 5.55
Cu 150 mesh 20 5.60
Cu 1 micron 1 4.25
Cu 1 micron 10 3.85
Cu 1 micron 20 3.90
Fe Filings 10 5.55
Fe Filings 20 5.55
Fe <10 micron 1 8.20
Fe <10 micron 10 9.75
Fe <10 micron 20 8.90
Ni 3 micron 10 5.60
Ni 3 micron 20 5.60
Ni Submicron 1 11.40
Ni Submicron 10 8.90
Ni Submicron 20 8.8
aInformation provided by vendor.  Term “submicron” for Ni not further de-
fined by vendor. 150 mesh = 106 micron.
bValue from Table 1. See Table 1 for abbreviation. 



higher viscosity compared with methyl oleate, which can af-
fect mass transfer of oxidation products to the air–oil interface,
how fast air bubbles traverse the sample, the size of the bub-
bles, and the rate at which oxygen from the bubbles dissolves
into the oil. 

To elucidate the effect of M.W., the OSI times of methyl
oleate, methyl 11-eicosenoate, and methyl erucate were com-
pared. In this sequence, the OSI times decreased with decreasing
chain length. This corresponds to the decrease in OSI with in-
creasing amounts of methyl oleate discussed above, because in
both cases the amount of double bonds available for oxidation
increases. No statistical evaluation was carried out here, because
only a few values were available and they corresponded to the
range 4.2–5.8 g methyl oleate. Methyl palmitoleate gave a higher
OSI time than the aforementioned three compounds, which may
be related to its shorter terminal alkyl chain. The OSI values for
methyl, ethyl, propyl, and butyl oleate did not follow a clear
trend, which bears further investigation. 

The rate of oxidation of fatty compounds depends on the
number of double bonds per molecule and their relative loca-
tion (1,30). The bis-allylic positions in common PUFA, such as
linoleic acid (double bonds at ∆9 and ∆12, giving one bis-
allylic position at C-11) and linolenic acid (double bonds at ∆9,
∆12, and ∆15, giving two bis-allylic positions at C-11 and 
C-14), are even more prone to oxidation than allylic positions.
Indeed, the relative rates of oxidation given in the literature are
1 for oleates (methyl, ethyl esters), 41 for linoleates, and 98 for
linolenates (1). 

Mixtures of FAME. The results of OSI studies for some mix-
tures containing varying amounts of the most common FAME
are given in Table 2. Mixtures A–D containing four methyl es-
ters (C18:0, C18:1, C18:2, C18:3) had iodine values (IV) in the rel-
atively narrow range 112–121. The OSI times for those mix-
tures were generally of the same magnitude, with the OSI times
decreasing with increasing amounts of C18:2 and C18:3 methyl
esters. Note that the increasing amounts of C18:3 coincided with
increasing amounts of the stable C18:0. A mixture of 10%
methyl linoleate with 90% methyl stearate (entry E in Table 2)
had an OSI value of the same magnitude as that of neat methyl
linoleate. Generally, the present results confirmed the observa-
tion that small amounts of more highly unsaturated fatty com-
pounds containing bis-allylic carbons have a disproportionately
strong effect on oxidative stability. This kind of observation
was discussed in early studies on autoxidation of fatty com-
pounds (30). The relation to the IV and an alternative to the IV
are discussed below. 

Influence of metals. Only methyl oleate was selected for in-
vestigating the influence of metals because the more highly un-
saturated compounds already had low OSI times. The OSI val-
ues of 5 g methyl oleate at 90°C in the presence of elemental
copper, iron, and nickel are given in Table 3. Copper had the
strongest catalytic effect of the three metals investigated. Other
researchers have observed that the PV of biodiesel samples in-
creased more rapidly in a copper container than in a steel con-
tainer although final values were very similar (6). Since OSI
measures induction time, i.e., initial rates of oxidation as men-

tioned in the introduction, it likely compares with the initial
stronger increase in PV noted for copper. Peroxides are the
species initially formed during oxidation before breakdown and
further rapid oxidation occur. 

The effect of metal was catalytic, as small amounts of metal
had nearly the same influence on OSI as larger amounts. How-
ever, the OSI values depended somewhat on the particle size.
There may also have been an influence from varying thickness
of oxide coatings. The effect of metals was similar to that of
more highly unsaturated fatty compounds, although the influ-
ence of fatty compounds with bis-allylic carbons was of greater
magnitude. The dependence of the OSI time on the kind of
metal shows that long-term storage tests in different kinds of
containers for assessing the influence of the container material
on oxidative stability of biodiesel may be replaced by the sig-
nificantly faster OSI test serving as an accelerated storage test. 

Other methods for assessing oxidative stability of biodiesel
have been investigated. The ASTM Method D 2274 (oxidation
stability) was not applicable to biodiesel due to unsuitable fil-
ters (5). PV also may not be a suitable indicator of biodiesel
oxidation because FA with higher unsaturation appear to pro-
duce hydroperoxides in lower yields as they are readily decom-
posed (especially in the presence of contaminating catalysts).
As a result, analyses measuring hydroperoxides show decreas-
ing rates with increasing numbers of double bonds (1). Further-
more, the PV increases to a maximum and then decreases as
secondary products are formed (5,31,32). Recent studies
(23–25,33) demonstrated that the oxidative stability of fatty
materials, including long-chain monoalkyl esters, may be de-
termined by pressurized-DSC (P-DSC). Temperature-ramping
calorimetric analyses may be completed rapidly and require
only very small sample quantities (typically less than 100 mg).
Calorimetric analyses also may be used to determine activation
energies and other kinetic parameters for the oxidation reac-
tion, enabling modeling of the oxidation reaction (34–36).
P-DSC methods for screening compounds as oxidation in-
hibitors for increasing the oxidative stability of methyl soyate
were developed (23). 

Relation to the IV. The IV is a structure-related index in FA
chemistry that relates to the total number of double bonds in a
fat or oil (or derivatives thereof). A major drawback of the IV
is that it does not distinguish the structural differences in fatty
compounds such as nature (position in the chain, etc.) and
amount of olefinic carbons. It treats all double bonds, or rather,
in the case of oxidation of fatty compounds, allylic and bis-
allylic carbons, as being equally reactive. The IV also has de-
veloped into a fuel quality parameter, as it has been included in
some biodiesel standards, particularly in Europe. A recent
study (37) showed that the IV is insufficiently precise to justify
its inclusion in technical issues such as biodiesel standards. In
that study, the development of alternatives to the IV, termed
“allylic position equivalents (APE)” and “bis-allylic position
equivalents (BAPE),” were suggested to correlate better with
oxidative stability. The APE and BAPE values of the mixtures
are included in Table 2. The calculation of APE and BAPE
values is given in the literature (37). 
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The IV did not correlate well with oxidative stability. For
the mixtures A–D given in Table 2, the OSI time decreased
with increasing concentration of methyl linolenate although
the IV is in a relatively narrow range of 112–121. Methyl
linoleate, which has an IV = 172.4 and an OSI value of 1.2 h
at 90°C (Table 1), imparts a low OSI value of 3.65 h to a
90:10 mixture of methyl stearate and methyl linoleate (mix-
ture E in Table 2), which has an IV = 17.2. For comparison
purposes, methyl oleate with IV = 85.6 has a higher OSI time
of 10.70 h at 90°C. The lack of correlation between oxida-
tive stability as well as other properties of biodiesel and IV
value had been noted previously by other researchers
(10,38). However, the alternative concept of APE and BAPE
is based on the relative rates of oxidation of these positions
in unsaturated FA as well as their amounts (37) and gives
more useful results. The BAPE value is the more significant
for oxidation of unsaturated fatty compounds due to the sig-
nificantly higher relative rate of oxidation of bis-allylic CH2
positions (37, and references therein). Regression of the
BAPE values and the OSI times in Table 2 gave the follow-
ing correlation: 

OSI = 3.91 − 0.045 × BAPE [3]

with R2 = 0.983. This approach, however, does not consider
the contribution of the oxidation of the allylic positions. Fur-
ther research appears necessary to quantify the contribution
of the allylic positions relative to the more oxidation-prone
bis-allylic positions. 

The lack of correlation between IV and oxidative stability
is also demonstrated by the studies on varying amounts of
compound or M.W. discussed above. Since oxidative stability
depends more on the nature of double bonds in a molecule
and less on M.W., then the IV, which depends on M.W. and
on the number but not nature of double bonds, cannot be a
predictor of oxidative stability. 

In summary, reduction of highly unsaturated components
likely will enhance oxidative stability more than preventing
exposure to metals. Of the three metals investigated, copper
appears to have the strongest catalytic effect. Oxidative sta-
bility is also affected by the molar concentration of double
bonds in fatty compounds. An alternative to the IV, bis-allylic
position equivalents and allylic position equivalents, appears
more suitable for assessing oxidative stability. Last, oleic
and linoleic acids had decreased oxidative stability compared
with their alkyl esters. Commercial vegetable oil alkyl esters
from the same lot stored at the same location under the same
conditions (including history and material of the storage
tanks) in two storage tanks may oxidize at similar but not
identical rates. 

ACKNOWLEDGMENT

The authors thank Daniel A. Knetzer for obtaining the OSI values. 

REFERENCES

1. Frankel, E.N., Lipid Oxidation, The Oily Press, Dundee, Scot-
land, 1998, p. 19. 

2. Knothe, G., and R.O. Dunn, Biofuels Derived from Vegetable
Oils and Fats, in Oleochemical Manufacture and Applications,
edited by F.D. Gunstone and R.J., Hamilton, Sheffield Acade-
mic Press, Sheffield, UK, 2001, pp. 107–163. 

3. Dunn, R.O., and G. Knothe, Alternative Diesel Fuels from Veg-
etable Oils and Animal Fats, J. Oleo Sci. 50:415–426 (2001). 

4. Mittelbach, M., and S. Gangl, Long Storage Stability of
Biodiesel Made from Rapeseed and Used Frying Oil, J. Am. Oil
Chem. Soc. 78, 573–577 (2001). 

5. Monyem, A., M. Canakci, and J.H. Van Gerpen, Investigation
of Biodiesel Thermal Stability Under Simulated In-Use Condi-
tions, Appl. Eng. Agric. 16:373–378 (2000). 

6. Canakci, M., A. Monyem, and J. Van Gerpen, Accelerated Oxi-
dation Processes in Biodiesel, Trans. ASAE 42:1565–1572
(1999). 

7. Simkovsky, N.M., and A. Ecker, Effect of Antioxidants on the
Oxidative Stability of Rapeseed Oil Methyl Esters, Erdoel,
Erdgas, Kohle 115:317–318 (1999). 

8. Simkovsky, N.M., and A. Ecker, Einfluß von Licht und Tocoph-
erolgehalt auf die Oxidationsstabilität von Fettsäuremethyl-
estern, Fett/Lipid 100:534–538 (1998). 

9. Thompson, J.C., C.L. Peterson, D.L. Reece, and S.M. Beck,
Two-Year Storage Study with Methyl and Ethyl Esters of Rape-
seed, Trans. ASAE 41:931–939 (1998). 

10. Bondioli, P., and L. Folegatti, Evaluating the Oxidation Stabil-
ity of Biodiesel. An Experimental Contribution, Riv. Ital.
Sostanze Grasse 73:349–353 (1996). 

11. Bondioli, P., A. Gasparoli, A. Lanzani, E. Fedeli, S. Veronese,
and M. Sala, Storage Stability of Biodiesel, J. Am. Oil Chem.
Soc. 72:699–702 (1995). 

12. Du Plessis, L.M., J.B.M. De Villiers, and W.H. Van der Walt,
Stability Studies on Methyl and Ethyl Fatty Acid Esters of Sun-
flowerseed Oil, Ibid. 62:748–752 (1985). 

13. Du Plessis, L.M., Plant Oils as Diesel Fuel Extenders: Stability
Tests and Specifications on Different Grades of Sunflower Seed
and Soyabean Oils, CHEMSA 8:150–154 (1982).

14. Monyem, A., J.H. Van Gerpen, and M. Canakci, The Effect of
Timing and Oxidation on Emissions from Biodiesel-Fueled En-
gines, Trans. ASAE 44:35–42 (2001). 

15. Monyem, A., and J.H. Van Gerpen, The Effect of Biodiesel Ox-
idation on Engine Performance and Emissions, Biomass Bioen-
ergy 20:317–325 (2001). 

16. Official Methods and Recommended Practices of the American Oil
Chemists’ Society, 5th edn., edited by D. Firestone, AOCS Press,
Champaign, 1999, Method Cd 12b-92: Oil Stability Index (OSI). 

17. Akoh, C.C., Oxidative Stability of Fat Substitutes and Vegetable
Oils by the Oxidative Stability Index Method, J. Am. Oil Chem.
Soc. 71:211–216 (1994). 

18. Jebe, T.A., M.G. Matlock, and R.T. Sleeter, Collaborative Study
of the Oil Stability Index Analysis, Ibid. 70:1055–1061 (1993). 

19. Hasenhuettl, G.L., and P.J. Wan, Temperature Effects on the
Determination of Oxidative Stability with the Metrohm Ranci-
mat, Ibid. 69:525–527 (1992). 

20. Official Methods and Recommended Practices of the American
Oil Chemists’ Society, 5th edn., edited by D. Firestone, AOCS
Press, Champaign, 1997 Method Cd 12-57: Fat Stability, Active
Oxygen Method. 

21. Dijkstra, A.J., P.J. Maes, D. Meert, and W. Meussen, Interpret-
ing the Oil Stability Index, Oleagineux Corps Gras Lipides
3:378–386 (1996). 

22. Tian, K., and P.K. Dasgupta, Determination of Oxidative Sta-
bility of Oils and Fats, Anal. Chem. 71:1692–1698 (1999). 

OXIDATIVE STABILITY OF FATTY COMPOUNDS 1025

JAOCS, Vol. 80, no. 10 (2003)



23. Dunn, R.O., Analysis of Oxidative Stability of Methyl Soyate
by Pressurized-Differential Scanning Calorimetry, Trans. ASAE
43:1203–1208 (2000). 

24. Litwinienko, G., Autoxidation of Unsaturated Fatty Acids and
Their Esters, J. Thermal Anal. Calorim. 65:639–646 (2001). 

25. Adhvaryu, A., S.Z. Erhan, Z.S. Liu, and J.M. Perez, Oxidation
Kinetic Studies of Oils Derived from Unmodified and Geneti-
cally Modified Vegetables Using Pressurized Differential Scan-
ning Calorimetry and Nuclear Magnetic Resonance Spec-
troscopy, Thermochim. Acta 364:87–97 (2000). 

26. Official Methods and Recommended Practices of the American
Oil Chemists’ Society, 5th edn., edited by D. Firestone, AOCS
Press, Champaign, 1997, Method Cd 8-53: Peroxide Value,
Acetic Acid–Chloroform Method. 

27. Ibid., Method Cd 8b-90: Peroxide Value, Acetic Acid–Isooctane
Method. 

28. Isbell, T.A., T.P. Abbott, and K.D. Carlson, Oxidative Stability
Index of Vegetable Oils in Binary Mixtures with Meadowfoam
Oil, Ind. Crops Prod. 9:115–123 (1999).

29. Ishido, E., Y. Minemoto, S. Adachi, and R. Matsuno, Oxidation
of Linoleic Acid and Methyl Linoleate Mixed with Saturated
Fatty Acid or Its Methyl Ester, Lebensm. Wiss. Technol.
34:234–238 (2001). 

30. Gunstone, F.D., and T.P. Hilditch, The Autoxidation of Methyl
Oleate in the Presence of Small Proportions of Methyl Linoleate,
J. Chem. Soc.:1022–1025 (1946). 

31. Gan, L.H., K.S. Ooi, L.M. Gan, and S.H. Goh, Effects of Epoxi-
dation on the Thermal Oxidative Stabilities of Fatty Acid Esters
Derived from Palm Olein, J. Am. Oil Chem. Soc. 72:439–442
(1995). 

32. Miyashita, K., and T. Takagi, Autoxidation Rates of Various Es-
ters of Safflower Oil and Linoleic Acid, Ibid. 65:1156–1158
(1988). 

33. Kowalski, B., E. Gruczynska, and K. Maciaszek, Kinetics of
Rapeseed Oil Oxidation by Pressure Differential Scanning Cal-
orimetry, Eur. J. Lipid Sci. Technol.:337–341 (2000). 

34. Litwinienko, G., T. Kasprzycka-Guttman, and M. Studzinski,
Effects of Selected Phenol Derivatives on the Autoxidation of
Linoleic Acid Investigated by DSC Non-isothermal Methods,
Thermochim. Acta 307:97–106 (1997). 

35. Litwinienko, G., A. Daniluk, and T. Kasprzycka-Guttman, A
Differential Scanning Calorimetry Study on the Oxidation of
C12–C18 Saturated Fatty Acids and Their Esters, J. Am. Oil
Chem. Soc. 76:655–657 (1999). 

36. Litwinienko, G., and T. Kasprzycka-Guttman, Study on the Au-
toxidation Kinetics of Fat Components by Differential Scanning
Calorimetry. 2. Unsaturated Fatty Acids and Their Esters, Ind.
Eng. Chem. Res. 39:13–17 (2000). 

37. Knothe, G., Structure Indices in Fatty Acid Chemistry. How
Relevant Is the Iodine Value? J. Am. Oil Chem. Soc. 79:847–854
(2002). 

38. Prankl, H., and M. Wörgetter, Influence of the Iodine Number
of Biodiesel to the Engine Performance, in Liquid Fuels and In-
dustrial Products from Renewable Resources, Proceedings of
the Third Liquid Fuel Conference, American Society of Agri-
cultural Engineers, St. Joseph, MI, 1996, pp. 191–196. 

[Received November 20, 2002; accepted July 25, 2003]

1026 G. KNOTHE AND R.O. DUNN

JAOCS, Vol. 80, no. 10 (2003)


