
EVALUATION OF 
OXIDATION AND 
ANTIOXIDANT 
PROTECTION IN 

RAW MATERIALS 
AND FEEDS

Sergi Carné and Javier Estévez
Technical Department, Industrial Técnica Pecuaria, S.A. (ITPSA); scarne@itpsa.com

 
Re

se
ar

ch

1
nutriNews Special Antioxidants   |  Oxidation and antipxidant protection



Lipids, in the form of animal fats and vegetable oils, 
are one of the main sources of energy in the diet.

Lipids can be added to feeds for effective 
supplementation of fat-soluble vitamins and 
essential fatty acids. Lipids also reduce feed dust 
levels and improve palatability.

Lipids are a diverse group of naturally-occurring 
molecules. Their different molecular structures 
determine their nutritional value and digestibility 
for the animal.

LIPID OXIDATION

WHAT ARE LIPIDS?
CONTROL AND PREVENTION
OF LIPID OXIDATION

There are several indicators of the nutritional 
value and digestibility of lipids

Common indicators to assess lipid quality include:

• Fatty acid and free fatty acid profiles

• Insoluble fraction

• Humidity

• Iodine value

• Level of hydrogenation or 
nonsaponifiable fraction

Oxidation of lipids (primarily unsaturated fatty 
acids) is a key factor that needs to be controlled 
and prevented, because it affects both the 
nutritional value of the feed and the health 
and productive levels of the animals.

Oxidation of unsaturated fatty acids by the 
action of atmospheric oxygen begins with 
free radical chain reactions, generating highly 
reactive peroxides and hydroperoxides.

In turn, these peroxides and hydroperoxides 
react with substrates present in the matrix and 
result in carboxylic acids, aldehydes and ketones, 
among others, which alter the sensory properties 
of the feed and potentially compromise animal 
health and production levels. For this reason, 
antioxidants are widely used by the industry to 
prevent or delay the onset of oxidative breakdown.

Evaluation of oxidation quality and 
stability of raw materials is vital for 
the feed manufacturing industry.

However, proper evaluation and measurement of 
rancidity and oxidation resistance is considered 
by the industry to be a challenging and complex 
task, as it requires thorough training for correct 
interpretation of the laboratory tests.

Evaluation and 
measurement 
of rancidity and 
oxidative resistance 
events are considered 
to be difficult and 
arduous tasks

In this article, multiple techniques are 
described. Each technique is intended to 
provide information on the current rancidity 
status of the product, to provide a measure 
of the product’s oxidation resistance and 
therefore to predict its oxidative capacity, 
or to estimate the sample’s oxidation 
susceptibility by determining its composition.

In addition, some of these techniques can be 
used to perform comparative assessments of 
the oxidative power of certain substances, in 
order to select the most suitable antioxidant 
for antioxidative protection of our matrix.
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Assessments of nutritional quality, susceptibility to 
oxidation and rancidity levels of fats, oils and fat- 
and oil-containing products are usually based on 
physical or chemical methods to determine how 
much oxidative stress the sample has undergone at 
the time of analysis.

OXIDATION LEVEL TESTS

PEROXIDE VALUE

THIOBARBITURIC ACID VALUE

ANISIDINE VALUE (ANV)

GAS CHROMATOGRAPHY (GC)
AND HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHY (HPLC)

One of these methods is peroxide value (PV), 
which measures the concentration of the primary 
products originating during the initiation phase of 
oxidation.

The peroxide value is obtained by measuring the 
amount of sodium thiosulfate needed for titration. 
Therefore, the higher the PV, the higher the degree 
of oxidation

The higher the PV, the higher 
the degree of oxidation

The standards for most methods described 
below are published by the American Oil 
Chemists’ Society (AOCS)

Another common test in the animal feed industry 
is thiobarbituric acid (TBA) value. This method is 
sensitive to severe oxidative rancidity.

The TBA value test is based on TBA reactivity to a 
great number of aldehydes and other byproducts 
of oxidation (TBA-reactive substances or TBARS), 
which can then be quantified.

Anisidine value (AnV) is one of the most 
commonly used tests to assess lipid oxidation in 
the laboratory.

The sample is treated with a suitable solvent 
containing p-anisidine; then, the byproducts 
of peroxide oxidation, such as carbonyls and 
aldehydes, are assessed spectrophotometrically.

Because the composition of lipids and the phases 
involved in lipid peroxidation are highly variable, 
there is no single method to describe and predict 
their development appropriately.

Therefore, TBA value and AnV provide information 
about the generation of breakdown byproducts 
during the propagation and termination phases 
of oxidation, which adds to the information on the 
early phases of oxidation obtained with PV.

The tests described above are highly useful to get an 
idea of the degree of lipid oxidation. However, gas 
chromatography (GC) and high-performance 
liquid chromatography (HPLC) are the most 
reliable and versatile tests, as they are capable 
of analyzing different molecules, such as 
nonpolar lipids, water-soluble byproducts and 
volatile components, monitoring the loss of diet 
components undergoing oxidation (unsaturated 
lipids) and the formation of specific byproducts of 
oxidation, such as aldehydes and ketones.
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In addition to determining current lipid oxidation 
status in a specific matrix, it is often more relevant 
and useful to ascertain the feed’s susceptibility 
to future oxidation, which is closely related to its 
shelf life, by using the so-called oxidation stability 
tests.

The oxidation stability of an oil, a fat or a feed could 
be ascertained reliably by periodically examining 
samples kept in actual environmental use conditions. 
However, this would be too time-consuming and 
would not be feasible because of practical reasons.

The results of these tests are expressed as induction 
times, i.e. the times needed for the oxidation process 
to move from a latent or slow phase onto a fast and 
accelerated phase. At the end of these induction 
periods, oxygen consumption rises sharply, with a 
steep increase in the appearance of peroxides and 
other byproducts of oxidation.

The addition of antioxidants is intended precisely 
to prolong induction times, thereby conferring 
protection against the propagation phase or the 
oxidation process exponential. During oxidation, 
antioxidants are consumed so that the induction 
time finishes when there is no more antioxidant 
available to protect against oxidation.

PREDICTION OF 
OXIDATION STABILITY

Oxidation stability is usually assessed using accelerated tests, in which matrix 
oxidation is forced by exposure to heat, oxygen and air, among other factors.

There are several techniques with different varieties, 
but two of these should always be available in a 
laboratory offering comprehensive services for 
oxidation control and assessment of antioxidant 
protection compounds:

These accelerated 
tests are very useful to 
compare antioxidants 

and to assess raw 
material samples 

and feeds with and 
without antioxidants.

The Rancimat method is based on conductimetric 
determination of volatile byproducts generated 
during oxidation.

The Rancimat method can be used only for oils and 
fats which are in the liquid state at test temperatures. 
The test samples are exposed to air streams at 50 to 
220 °C based on the type of matrix.

RANCIMAT

The volatile byproducts of oxidation generated in 
this process, primarily formic acid, are transferred to a 
measuring vessel by the air stream and are collected 
in another vessel containing distilled water (Figure 1).

Conductivity is recorded continuously in the 
second vessel and an oxidation curve is derived. The 
inflection point on the curve marks the induction 
time. From that point onward, there is a sharp 
increase in conductivity linked to the increase in 
volatile oxidation byproducts (Figure 1).

O2 -air-

Figure 1. Rancimat system overview
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Figure 2 shows an example of the curves obtained 
on a Rancimat oxidation stability test. In this 
case, duplicate tests are shown for an animal fat 
without antioxidants and with two doses of OXICAP 
antioxidants.

The figure shows the increase in induction time 
proportional to the dose of antioxidant added 
to the matrix (which is up to three times longer). 
This demonstrates the efficiency of this method to 
assess oxidation stability as well as its reproducibility 
to predict antioxidant protection in raw materials 
and feeds.

µS/cm

160

120

80

40

0

0 2 4 6 8 10 12 14 16

Control -1-
Control -2-
OXICAP -1-
OXICAP -2-
OXICAP MS -1-
OXICAP MS -2-

h

1,25

1,2

1,15

1,1

1,05

1

0,95

0,9

Im
pr

ov
em

en
t fa

cto
r

AntioxidantImprovement 
factor OXICAP OXICAP MS Control

Figure 2. Rancimat induction time curves in sunflower seed oil protected with different levels (125 ppm vs. 250 
ppm) of mixed antioxidants with synergistic properties.

Figure 3. Improvement factor calculated from the induction time on Rancimat for sunflower 
seed oil protected with mixed antioxidants with synergistic properties.

Picture 1. Oxipres equipment

Figure 4. Induction time curves obtained with an Oxipres test in a fat protected with different 
levels of a mixed antioxidant with synergistic properties.

The increase in oxidation protection 
conferred by the antioxidant may be 
expressed by the improvement factor, 
which is established considering the 
induction time in the matrix with no 
antioxidant (Figure 3).

The Oxipres method is based on oxygen 
consumption at high temperatures and 
pressures.

In an Oxipres test, the sample is placed inside a 
hermetically closed iron vessel that is subjected to 
high oxygen pressures (>5 bar) and temperatures of 
90 to 120 °C (Picture 1).

Figure 4 shows an example of curves obtained with 
an Oxipres test. In this case, the sample is an animal 
fat protected with different levels of an antioxidant 
of the OXICAP range.

As seen in the figure, the pressure rises early during 
the test, because of the increase in temperature, and 
subsequently stabilizes until it begins to decrease 
as a result of oxygen consumption during the 
oxidation process. 

In this case, the induction time is the curve between 
the start of the test and the inflection point where 
pressure begins to drop at a given temperature.

OXIPRES

The system is connected to a transducer that 
monitors pressure changes inside the pressure 
vessel and sends signals which are recorded 
and plotted on a computer, where pressure is 
expressed over time.

The Oxipres method provides more 
versatility than the Rancimat test, as it can 
be used to assess a great variety of products for 
their oxidation stability and samples do not have 
to be in the liquid state, as long as they contain at 
least 5 g fat.
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As seen here, the induction time for 
the control sample is only 2 hours, 
while the induction time increased to 7 
hours and 13 hours with 125 ppm and 
250 ppm of OXICAP, respectively.
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CONCLUSION

Control and evaluation of oxidation status and oxidation 
stability of raw materials and feeds is a challenging task, 
but it is vitally important to ensure their full safety and 
quality.

With laboratory techniques, the product’s rancidity 
status and oxidation resistance can be measured, and 
the sample’s oxidation susceptibility can be estimated by 
determining its composition.

Predictive tests such as Rancimat and Oxipres can 
determine the most suitable antioxidant to protect a 
specific matrix.
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