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Abstract Operational parameters of the Rancimat
method, including oil sample size, airflow rate, and
temperature, were evaluated to determine their effects
on the oxidative stability index (OSI), temperature
coefficient, Q19 number, and shelf-life prediction for
soybean oil. Operational parameters of the Rancimat
method had statistically significant effects (P < 0.05)
on the OSI. Whenever the oil sample size and airflow
rate at a given temperature were such that the air-
saturated condition could be established, the OSIs
showed no statistically significant differences. As tem-
perature increased, OSIs decreased, while their aver-
age coefficient of variation (CV) increased. In general,
the conditions where the sample was saturated with air
and had a relatively lower CV were an oil sample size
of 6 g at all temperatures and airflow rates, then 3-g oil
sample size at low temperatures (100 and 110 °C) and
low airflow rates (10 and 15 L h™"). The temperature
coefficient and Q9 number were found to be inde-
pendent of the oil sample size and airflow rate, and
their mean values for soybean oil were calculated to be
-3.12 x 102 °C™" and 2.05, respectively. Oil sample
size and airflow rate showed a significant effect on
shelf-life prediction for soybean oil. Therefore, choos-
ing the right levels of these operational parameters in
the Rancimat method may produce the least possible
difference between predictions from long-term storage
studies and the OSI test.
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Introduction

Accelerated techniques most commonly used for
assessment of the oxidative stability of edible fats and
oils and fat-containing foods include the Rancimat
method developed by Hadorn and Zurcher [1]. This
test has gained acceptance owing to its ease of use
and reproducibility: it is a continuous measurement
requiring no periodic analytical determinations and
uses no organic solvents for titrations [2, 3]. The
Rancimat method is based on automatically deter-
mining the time elapsed for the maximum rate change
of oxidation by measurement of the increase in the
conductivity of deionized water caused by dry air
bubbled through a heated sample carrying the volatile
acids into a separate container with the deionized
water [4-7]. This time, oxidative stability index (OSI),
has correlated well with stability under various con-
ditions of lipid oxidation and also with data obtained
from independent sensory and/or analytical methods
[6, 8-13].

The Rancimat method may also provide some other
useful information regarding oxidative stability of
edible fats and oils and fat-containing foods. By
plotting the logarithms of OSIs versus elevated tem-
peratures and extrapolating to room temperature, we
can predict the shelf-life of the sample at ambient
conditions. However, these predictions may result in
overestimation or underestimation [14, 15], but
sometimes acceptable results [16]. The slope of the
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curves represents the temperature coefficients for oil
samples [3]. Also, a well-recognized temperature
acceleration factor, known as the Q;y, number, based
on the increase in oxidation rate from a 10 °C increase
in temperature, can be calculated from the data [17].

Oil sample size, airflow rate, and temperature are
the operational parameters that can be adjusted easily
in the Rancimat method and may affect the determi-
nation of the OSI, temperature coefficient and Qi
number (oxidative stability measures), and shelf-life
prediction of edible fats and oils and fat-containing
foods. Although a number of studies [1-3, 6, 18-20]
have investigated the effect of these parameters inde-
pendently and/or in a limited range, no comprehensive
studies have been reported on the effect of these three
parameters. The aim of the present work was to
investigate the effect of the operational parameters of
the Rancimat method on the determination of the
oxidative stability measures and to predict the shelf-life
of soybean oil.

Materials and Methods
Material

Refined, bleached, and deodorized soybean oil was
supplied by a local factory and stored at —18 °C. The
peroxide value was determined according to the thio-
cyanate method [21].

Apparatus

A Metrohm Rancimat model 743 (Herisau, Switzer-
land) capable of operating over a temperature range of
50-220 °C was used in this study. The glassware was
rigorously cleaned between each run to avoid any
contamination that would catalyze the peroxidation.
The tubes were cleaned by boiling them with sodium
hydroxide solution (2%) for 1h, followed by cooling
and soaking in concentrated hydrochloric acid. The
acid was washed off and the tubes were rinsed with
distilled water [9]. Clean glassware was thoroughly
dried in an oven. Measuring vessels, electrodes, and
connecting tubes were cleaned several times with
alcohol and distilled water, and were blown out with
nitrogen before the experiment.

OSI Measurement

A stream of air was bubbled into oil samples (3.0, 6.0,
and 12.0 g) contained in a reaction vessel placed in an
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electric heating block. Effluent air containing volatile
organic acids from the oil sample were collected in a
measuring vessel containing distilled water (60 mL).
The conductivity of the water was measured automat-
ically as oxidation proceeded. Filtered, cleaned, dried
air was allowed to bubble through the hot oil at rates of
10, 15, and 20 L h™. The OSIs of the oil samples were
automatically recorded at 100, 110, 120, and 130 °C.
For each time studied, eight samples were accommo-
dated in the equipment and analyzed simultaneously.
Samples for all determinations were randomized on
their position in the heating block.

Shelf-Life Prediction, and Temperature Coefficient
and Q¢ Number Calculation

The logarithms of OSIs versus elevated temperatures
(100, 110, 120, and 130 °C) were plotted and lines were
fitted to the data. The equation for each line was also
determined. The slopes of the lines yielded tempera-
ture coefficients. The shelf-lives as the OSIs at 20 °C
(OSI,y) were calculated from the corresponding
equations. Q19 numbers were calculated as the OSI at
T/OSI time at T + 10 °C [2, 3, 17, 18].

Statistical Analysis

All determinations were carried out in triplicate and
data were subjected to analysis of variance. Analysis of
variance was performed using the ANOVA procedure.
Statistical analyses were performed according to the
MSTATC software. Significant differences between
means were determined by Duncan’s multiple range
tests. P values less than 0.05 were considered statisti-
cally significant.

Results and Discussion

The OSI and coefficient of variation (CV) results of
treatment combinations (o0il sample size X airflow rate)
at the different temperatures are presented in Table 1.
All soybean oil samples had peroxide values under
1.5 mequiv kg™ prior to the start of the Rancimat test.

At 100 °C and an oil sample size of 3 g, the airflow
rates of 10 and 15 L h™' gave similar OSIs, but there
was a significantly higher OSI at an airflow rate of
20 L h™". Jebe et al. [19] reported that an airflow rate
of 9 L h™! was sufficient to continuously saturate the oil
sample with oxygen during the induction period.
However, the results presented here indicate that air-
flow rates above 15 L h™' affect the OSI. Hill and



J Amer Oil Chem Soc (2007) 84:205-209

207

Table 1 The oxidative stability index (OSI) and coefficient of variation (CV) results of the treatment combinations at different

temperatures
Treatment Oil sample Airflow rate Temperature (°C)
size (g) (Lh™h

100 110 120 130

0OsI (Y% OSI (a\% OSI CcVv 0OsI CVv
1 3 10 15.82 ¢4 071 7.58d°B 229 380bc¢ 228 185abP 083
2 3 15 1595 ¢ 161 764d°B 069 382bc€ 146 194aP 1.57
3 3 20 1679 ab® 079 825b B 163 388b° 127 194aP 0.52
4 6 10 16.05 ¢ ® 022 736dB 145  3.69c¢€ 095 1.74bP 6.41
5 6 15 16.08 ¢ A 155  7.69c¢d® 202 372c¢€ 148 178 abP 595
6 6 20 16.08 ¢ 040 808bc® 105 38bc€ 276 183abP® 414
7 12 10 16.65b ~ 030 818b°E 276  4.04a€ 074 041c?P 6.29
8 12 15 1679ab” 120 835ab® 172 4.08a€ 191  047c¢P 8.60
9 12 20 1717 a & 073 869abB 143  414a€ 271  049c¢P 3.12
Average CV 0.83 1.67 1.73 4.16

Means within a column with the same lowercase letters are not significantly different at P < 0.05. Means within a row with the same
uppercase letters are not significantly different at P < 0.05. CV = (SD/average) x 100

SD standard deviation

Perkins [20] also reported significantly different OSIs
for an oil sample size of 2.5 g at airflow rates of 12—
20 L h™". It was interesting to find that the OSI of the
oil sample at an airflow rate of 20 L h™ was signifi-
cantly higher than that of the sample at low airflow
rates. Jebe et al. [19] reported that temperature sta-
bilization at a sample size of 2.5 g was difficult when
using the Rancimat method and thus recommended a
5-g sample. However, it seems that air-saturated con-
ditions cannot be maintained for low oil sample sizes
exposed to high airflow rates. The rigorously turbulent
status of the oil sample results in more air escaping
from the oil sample than is used for lipid oxidation.
There is no significant difference among the three
airflow rates for 6-g oil sample sizes and low airflow
rates (10 and 15 L h-1) with a 3-g sample. This indi-
cates that the air-saturated conditions have been
reestablished, yielding a balance between airflow rate
and oil sample size. Increasing the oil sample size to
12 g showed that the OSIs increase significantly. This
suggests that the concentration of air in the oil is lower
than necessary for the creation of air-saturated condi-
tions. Therefore, treatment combinations 3, 7, 8, and 9
in Table 1 cannot create the air-saturated conditions.
A relatively large CV for treatment combinations 2
and 5 suggests that the conditions under which oxida-
tion occurs vary more than for the others. Hence, the
preferred conditions at 100 °C are 6-g sample sizes
with airflow rates of 10 or 20 L h™!, then a sample size
of 3 g with an airflow rate of 10 L h™".

As would be expected, OSIs significantly decreased
with temperature (Table 1). As shown in Fig. 1, at 100—
120 °C, a nearly similar trend for the OSIs occurred,

but this was not observed at 130 °C. Also, the average
CV of the treatment combinations increased with
temperature. These observations indicate that the
conditions under which the oil sample oxidizes vary
with increasing temperature. In general, the conditions
where the sample was saturated with air and had a
relatively lower CV were an oil sample size of 6 g at all
temperatures and airflow rates, then a 3-g oil sample
size at low temperatures (100 and 110 °C) and low
airflow rates (10 and 15 L h™1).

The data calculated from the linear relationship
between the natural logarithm of the OSI and the
temperature for the treatment combinations in Table 1
are shown in Table 2. There was no statistically sig-
nificant difference among the treatment combinations
in terms of the temperature coefficients and Qi
numbers. This enables us to determine these two
quantities for soybean oil independently from the oil
sample size and airflow rate. According to the results,
the temperature coefficient for soybean oil had a mean
value of —3.12 x 107> °C™". Hasenhuettl and Wan [3]
obtained temperature coefficients for vegetable oils
between —2.78 x 1072 and -3.15 x 1072 °C"" (mean va-
lue =3.01 x 1072 °C™"). A mean value of 2.05 calculated
for the Qo number means that an increase of 10 °C
approximately halves the OSI of soybean oil.

The calculated OSIs for the treatment combinations
at 20 °C (OSI,) showed statistically significant differ-
ences. This indicates that the oil sample size and air-
flow rate have a definite effect on the shelf-life
prediction for soybean oil. Frankel [17] stated that the
extrapolation of the stability results obtained by the
Rancimat test to ambient storage leads to either
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Fig. 1 The variation trend of the oxidative stability index (OSI) for different treatment combinations (oil sample size x airflow rate) at

100 °C (a), 110 °C (b), 120 °C (c), and 130 °C (d)

Table 2 The results calculated from the linear relationship between the natural logarithm of the OSI assessed by the Rancimat test

and the temperature for the treatment combinations in Table 1

Treatment Log OSI = A(T) + B Teoett (><10’2) OSIy (h) Q1o
A +SE B+ SE R?

1 —-0.0310 = 0.0006 4.2918 + 0.0040 0.9999 -3.10 a 4,706 b 2.04 a
2 -0.0305 + 0.0010 4.2417 + 0.0035 0.9996 -3.05a 4,291 ¢ 2.08 a
3 -0.0314 + 0.0003 4.3648 + 0.0192 0.9998 314 a 5,457 a 2.06 a
4 —-0.0319 + 0.0005 4.3938 + 0.0178 0.9995 -3.19a 5,687 a 2.09 a
5 —-0.0318 + 0.0001 4.3887 + 0.0076 0.9999 -3.18 a 5,651 a 2.08 a
6 —-0.0316 + 0.0004 4.3699 + 0.0213 0.9997 -3.16 a 5,477 a 2.07 a
7 —-0.0308 + 0.0007 4.2962 + 0.0087 0.9999 -3.08 a 4,799 b 2.03 a
8 —-0.0307 + 0.0007 4.2983 + 0.0092 0.9999 -3.07 a 4,829 b 2.03 a
9 -0.0309 + 0.0008 4.3280 + 0.0276 0.9994 -3.09 a 5,131 ab 1.99 a

Since the OSIs at 130 °C for 12-g oil samples severely decreased the curve linearity, the lines for these oil sample sizes were only fitted
to the data at 100-120 °C. Means within a column with the same lowercase letters are not significantly different at P < 0.05

SE standard error T, temperature coefficient, OSI,, OSI at 20 °C, Q;o OSI at T/OSI at T + 10 °C

overprediction or underprediction of the actual shelf-
life depending on the type of oil. Mendez et al. [2]
attributed this to the different mechanisms of peroxi-
dation under accelerated conditions of the Rancimat
test from the corresponding mechanisms at ambient
storage conditions. Nevertheless, Presa-Owens et al.
[16] showed that the shelf-life prediction of an infant
formula based on such extrapolation provides reason-
ably acceptable results. Therefore, choosing the levels
of these operational parameters in the Rancimat

4\ Springer NOCS &

method depending on the type of the product may
result in the least possible difference between predic-
tions from long-term storage studies and the OSI test.
This will lead to saving a lot of time, which is very
precious in control laboratories as well as research and
development laboratories.
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