
ABSTRACT: Two Rancimat evaluation modes, the induction
period (IP), and the time needed to achieve a selected differ-
ence in conductivity (t∆K) were compared for assessing relative
stability of anchovy, sardine, and hake liver oils. Mean coeffi-
cients of variation were 2.5 and 2.4% for IP and t∆K values, re-
spectively, for oils oxidized in the range 55–90°C. Natural log-
arithms of IP and t∆K values varied linearly with temperature
(P < 0.001). A linear relationship (r = 0.999) was established be-
tween the IP and t∆K values (P < 0.001). Relative oxidative sta-
bility of fish oils was determined with the same degree of confi-
dence by either IP or t∆K values.
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The Rancimat apparatus is an accelerated method to assess
oxidative stability of fats and oils (1). In this test, the oil sam-
ple is placed in a vessel, subjected to an above-ambient tem-
perature while oxygen is bubbled through to accelerate the
oxidative process into its final steps where short-chain
volatile acids are produced. In a separate vessel, the acids
formed are immediately dissolved in distilled water, and the
conductivity of this solution is monitored at ambient temper-
ature (2,3). The end point of the Rancimat test can be deter-
mined by three modes: (i) induction period (IP) to the inflec-
tion point in the oxidation curve; (ii) time to delta K (t∆K),
which is the time needed to achieve a selected difference in
conductivity; or (iii) delta t, when the conductivity is mea-
sured at a selected time of the test (1). IP is widely used, al-
though t∆K offers a more rapid acquisition of results. IP val-
ues were useful to establish the relative stability of fish oils,
and the natural logarithms of IP varied linearly with tempera-
ture (4). In this work, relative oxidative stabilities of hake
liver oil, whole anchovy oil, and sardine oil were measured
by the IP and t∆K evaluation modes.

MATERIALS AND METHODS

Partially refined whole anchovy (AO), whole sardine (SO),
and hake liver (HLO) oils with no added antioxidants were
used. AO and SO were gifts from Corpesca S.A. (Mejillones,
Chile), and HLO from Astra S.A. (La Paloma, Uruguay).
Fatty acid compositions were previously reported (4). The
Rancimat, model 679 (Metrohm, Herisau, Switzerland) was
used with two evaluation modes, i.e., IP and t∆K modes,
which were conducted simultaneously. The latter was set at
50 µS · cm−1, representing a signal/baseline ratio of 25. Tests
were carried out in triplicate on 3.0 ± 0.05 g of each oil at se-
lected temperatures (range of 55–90°C) and with an airflow
of 20 L/h.

Correlations were calculated by least-squares regression
analysis. The linearity of the fitted curves was assessed by the
F-test, and the validity of the coefficients was determined by
the T-test (5).

RESULTS AND DISCUSSION

The mean coefficients of variation were 2.5% (range
1.1–3.6%) for the IP values and 2.4% (range 1.8–3.9) for the
t∆K values (Table 1). Parameters resulting from the linear re-
gression analysis of ln (IP) and ln (t∆K) vs. temperature
showed that natural logarithms of both evaluation modes var-
ied linearly with temperature (P < 0.001), as revealed by the
high F values (Table 2). At 60, 70, and 80°C, the temperature
coefficients were also statistically significant (P < 0.001), and
therefore useful to estimate IP and t∆K values, as shown by
the T-test values. The intercepts of both regression lines rep-
resent ln (IP) and ln (t∆K) at 0°C, and the slopes of the re-
gression lines for each evaluation mode are parallel (P <
0.05), independently of the fish oil studied. Thus, under these
experimental conditions, the intercepts could be confidently
taken as stability criteria. Both evaluation modes led to the
same stability order: AO > SO ≈ HLO in the temperature
range studied.

The relationship between IP and t∆K values was assessed
by applying linear regression analysis to the data (Table 3).
F-test and T-test values showed this relationship to be signifi-
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cant to 0.1% confidence. Pooled fish oil data also showed the
same pattern of a linear relationship.

We have recently reported (4) that the rate of volatile acid
formation and activation energy was similar among the three
studied oils (mean calculated value was 38.9 kJ/mol). Be-
cause the rates of increment of the conductivity appear not to
be different among the three fish oils, the t∆K values could
be used with the same confidence as the IP values to assess
relative stability of fish oils. In addition, the time required to
obtain the t∆K values was ca. 25% less than that needed to
obtain IP values. That difference might be explained on the
basis of the differences in the conductivity values needed to
detect the end points with the two evaluation modes. While a
conductivity of 250 µS · cm−1 was needed with the IP mode,
a conductivity of only 50 µS · cm−1 was required when using
the t∆K mode.
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TABLE 1
Mean Values (n = 3) and Standard Deviations (in parentheses) for the Induction Period (IP) 
and the Time to Delta K (t∆K) Evaluation Modes for Assessment of Relative Oxidative 
Stability of Fish Oils

Anchovy oil Hake liver oil Sardine oil

Temperature (ºC) IP (h) t∆K (h) IP (h) t∆K (h) IP (h) t∆K (h)

55 21.7 (0.8) 24.3 (1.0) 9.1 (0.3) 11.9 (0.4) 9.7 (0.1) 14.3 (0.2)
60 14.2 (0.4 ) 16.8 (0.5) 6.3 (0.2) 8.9 (0.4) 6.7 (0.1) 10.1 (0.1)
70 6.5 (0.1) 7.4 (0.1) 2.7 (0.1) 4.5 (0.1) 2.6 (0.1) 4.6 (0.2)
80 3.2 (0.0) 3.9 (0.1) 1.4 (0.0) 2.3 (0.0) 1.5 (0.0) 2.6 (0.2)
90 1.5 (0.1) 2.1 (0.0) 0.7 (0.0) 1.3 (0.0) 0.7 (0.0) 1.3 (0.0)

TABLE 2
Parameters of Linear Regression Analysis for the Dependence of the Natural Logarithms 
of the Induction Period (IP) and the Time to Delta K (t∆K) on Temperature (range 55–90ºC)a

Evaluation Slope Intercept Correlation
Fish oil mode (°C-1) (h) coefficient F-test T-test

Anchovy IP −0.076 (0.001)a 7.3 0.9995 5487* −74.1*
t∆K −0.070 (0.002)b 7.0 0.9983 898* −30.0*

Hake liver IP −0.073 (0.001)a 6.2 0.9979 872* −29.5*
t∆K −0.064 (0.002)b 6.0 0.9992 1908* −43.7*

Sardine IP −0.075 (0.002)a 6.4 0.9967 509* −22.6*
t∆K −0.068 (0.002)b 6.3 0.9988 1200* −34.6*

aResults are the average of three independent runs, and standard deviations are in parentheses.
Slopes with the same superscript (a,b) did not differ significantly (P > 0.05); *significant at P < 0.001.

TABLE 3
Statistical Parameters of the Relationship Between the Induction Period 
and the Time to Delta K Evaluation Modes in the Analysis of the Relative Stability 
of Fish Oils in the Range 55–90ºCa

Parameter Anchovy oil Hake liver oil Sardine oil Pooled data

Slope 0.897 0.789 0.704 0.872
Intercept −0.36 −0.52 −0.39 −0.86
Correlation coefficient 0.9994 0.9979 0.9991 0.9899
F-test 2347* 704* 1721* 631*
T-test 48.5* 26.5* 41.5* 25.1*
aData with an asterisk (*) are significant at P < 0.001.


