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Shelf-life of plant oils is determined by oxidative stability. The consumers use their own criterion to assess oil’s 
quality. The occurrence of perceptible changes in oxidized food provides information that the product is no longer 
safe and should not be accepted. The present study was aimed to determine the shelf-life of rapeseed and sunfl ower 
oils in terms of consumer acceptance. The results of sensory consumer acceptability tests followed by survival 
analysis were integrated with conventional chemical marker of oils’ quality and shelf-life (peroxide value).

The important fi nding is that consumers sometimes do not recognize the advanced oxidative processes in food. 
This may increase the safety risk because of the harmful effect of oxidative processes on human health. Consumers 
differentiated quality of oils with similar state of oxidation: the rapeseed oil with peroxide value on the level 
5 meq O2 kg–1 was rejected by three quarters of consumers, sunfl ower – by only 3%. It proves that the consumer 
perception of oxidative changes is specifi c to the product and does not coincide with the accepted chemical criterion 
of shelf-life.
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‘Shelf-life’ is defi ned as ‘the time during which the product remains safe, retains desired 
sensory, chemical, physical, and microbiological characteristics, and complies with any label 
declaration of nutritional data, when stored under the recommended conditions’ (IFST, 1993). 
Some authors emphasize the consumer perception of a product and defi ne ‘shelf-life’ as the 
time beyond which the product is no more acceptable (FU & LABUZA, 1993, HOUGH et al., 
2006b). The fi nal verifi cation is always made by a consumer who accepts the product or does 
not on the basis of sensory perception. Lack of sensory acceptance is the most common 
reason of consumer rejection (HOUGH, 2010).

Considering shelf-life as a food–consumer interaction, one should focus on consumer 
attitude towards quality changes and a consumer rejecting a product (HOUGH et al., 2006b). 
Survival analysis is being used to determine the probability, that after a given time the product 
will no longer be accepted. Assignation of time, in which the probability does not exceed the 
assumed value, is equivalent to shelf-life determination. Survival analysis, initially used in 
biological, medical, socio-economic sciences, and engineering, was proposed in shelf-life 
studies (GACULA & KUBALA, 1975) and later used by other authors to study the consumer 
attitude during storage of yoghurts (CURIA et al., 2005), raw minced beef (HOUGH et al., 
2006a), Fuji apples (VARELA et al., 2005), minimally processed lettuce (ARES et al., 2008), 
and so on. An interesting approach was presented by MANZOCCO and LAGAZIO (2009) – the 
consumer acceptability data were integrated with changes in quality indices during storage of 
coffee brew.
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Plant oils are specifi c products, whose quality is determined fi rst of all by oxidative 
stability. Their shelf-life is limited by the oxidative changes, which can be detected with the 
use of one of the analytical methods measuring the level of oxidation products or the lack of 
some compounds (KOZAK & SAMOTYJA, 2013). The consumer will use his own criterion for 
oil’s quality assessment. At more advanced stages of oxidation the primary products 
(hydroperoxides) decompose and secondary compounds with low odour threshold are formed 
(MIN & BOFF, 2002). There is little knowledge on consumer awareness regarding oxidative 
changes in foods. CALLIGARIS and co-workers (2008) measured the oxidative stability of 
breadsticks and the results were related to the sensory acceptance limit. Surprising results 
were obtained by RAMIREZ and co-workers (2001) – some consumers prefer the more oxidized 
oil samples than the fresh ones. Consumers can achieve the established benefi ts of regular 
consumption of food containing unsaturated fatty acids (ŠKRBIĆ & MAČVANIN, 2011) but 
without awareness of quality it is not possible. The questions still to be answered are: (i) do 
consumers notice the oxidative changes in plant oils? (ii) is the sensory shelf-life perceived 
in the same way in case of oils with different profi le of fatty acids? (iii) what is the critical 
limit of hydroperoxides from consumer rejection point of view?

The aim of the present study was to determine the shelf-life of rapeseed and sunfl ower 
oils with the use of sensory consumer acceptability tests.

1. Materials and methods

The subjects of investigation were commercially available refi ned oils: rapeseed and 
sunfl ower, sold in 1000 ml PET bottles. After opening, the samples of the same kind were 
blended to minimize the variations between batches. The characteristics of the samples are 
provided in Table 1. The initial peroxide value was determined as described below, acid value 
according to ISO (2009).

Fatty acid methyl esters were obtained according to method of SCHULTE and WEBER 
(1989) and analyzed with the use of gas chromatograph Varian 3800 equipped with a FID 
detector with the use of BPX-70 column (SGE, 60 m × 0.25 mm, 0.25 μm fi lm thickness).

Table 1. Characteristics of rapeseed and sunfl ower oils

Rapeseed oil Sunfl ower oil

PV (meq O2 kg–1) 0.6±0.1 2.0±0.3

Acid value (mg KOH g–1) 0.10±0.01 0.19±0.02

Predominant fatty acids (%)

C16:0 4.5±0.2 5.9±0.0

C18:0 1.8±0.0 4.2±0.1

C18:1 63.0±0.1 23.8±0.2

C8:2 17.7±0.2 65.6±0.4

C8:3 8.9±0.1 n.d.1

1 n.d.: Not detected
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Equal volumes of oils (250 ml) were placed in closed 500 ml containers and stored at 
50 °C in the dark. It was assumed that elevated temperature accelerates autoxidation reducing 
the duration of experiment without any infl uence on the mechanism of oxidative deterioration 
(FRANKEL, 1998). It was possible to observe the same direction of changes that would occur 
during practical storage and product usage by a consumer.

1.1. The experiment design

In shelf-life studies of food products samples with different storage times are presented to 
consumers. The reversed storage design was applied to have all samples with different storage 
times available on the same day (KILCAST & SUBRAMANIAM, 2000). There was only one starting 
point for all the samples. The samples were withdrawn after 2, 3, 4, 6, 8, and 10 days of 
storage and kept at –18 °C till evaluation. The samples from the beginning of the experiment 
(day 0) were also frozen. After the end of the storage period the samples were defrosted and 
the analyses of hydroperoxides and sensory acceptability tests were conducted.

1.2. Hydroperoxides measurements

Hydroperoxides content in rapeseed and sunfl ower oils were measured according to EN ISO 
(2010), where a method for the iodometric (visual) determination of the peroxide value is 
given. The results were expressed as peroxide value in meq O2 kg–1.

1.3. Consumer test

The study was carried out with 90 consumers who usually consumed or used plant oils. The 
samples were assessed for their odour properties in a sensory laboratory.

Thirty ml portions of the samples, after reaching a fi nal temperature of 20 °C were 
placed in 150 ml glass amber bottles and capped to permit volatiles to build in the headspace. 
Glass beads were used to enhance the release of odour volatiles when the sample is swirled 
prior to sniffi ng (MALCOLMSON, 2005). The consumers obtained the coded tray with 7 samples 
corresponding to the following scheme: 0-2-3-4-6-8-10 days, separately for rapeseed and 
sunfl ower oils, presented in random order and labelled with three-digit random numbers. 
They were asked to sniff the sample, evaluate the rancid odour and answer ‘yes’ or ‘no’ to the 
question: ‘Imagine that you have this oil stored in your kitchen, would you normally consume 
it?’ It was assumed that the product is in the consumer’s house, as ARES and co-workers 
(2008) noticed that estimated shelf-life vary depending on that consumers are deciding 
whether to purchase or to consume a food product. Shelf-lives estimated considering rejection 
to purchase were signifi cantly shorter than those estimated considering rejection to consume. 
When evaluating attitude during usage at home it was reasonable to assess the consumers’ 
rejection to consume after purchase.

1.4. Statistical analysis

Survival analysis methodology was used to estimate the shelf-life of oil samples using the 
results obtained from the sensory test. Defi ning a random variable T as the storage time 
beyond which consumer rejects the sample, the survival function S(t) was estimated as the 
probability of a consumer accepting a product stored beyond time t, that is S(t)=P(T>t) 
(GACULA & SINGH, 1984). The Weibull distribution was applied to model rejection times. The 
Statistica PL 10.0 software was used to calculate the survival data (Statsoft, Poland).
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2. Results and discussion

The hydroperoxide formation during the storage of the samples is presented in Fig. 1. The 
hydroperoxide content increased during storage and was higher in the sunfl ower oil during 
the entire time of the experiment. According to Polish Standard (2000), the limiting level of 
peroxide value in refi ned oils is 5 meq O2 kg–1. It was exceeded after 7.3 (rapeseed oil) and 
3.6 (sunfl ower oil) days of storage showing 2-fold longer shelf-life of rapeseed oil.

Fig. 1. The infl uence of storage time at 50 °C on oxidation of rapeseed and sunfl ower oils.
◊: rapeseed oil; ○: sunfl ower oil

Figures 2 and 3 show the estimated % of acceptability versus time. Presented curves are 
called survival function, acceptability function or, related to the present study, the shelf-life 
curves and show the probability of acceptance loss during storage. The decrease of acceptance 
during storage is unequivocal with the increasing risk of rejection. The loss of acceptance 
occurred faster in case of rapeseed (Fig. 2) than sunfl ower oil (Fig. 3). The results of the 
present work show that when the peroxide value in rapeseed oil exceeded the critical level of 
5 meq O2 kg–1 (eighth day), only a quarter of the consumers still accepted the product. In 
other words, three quarters of consumers rejected the product before the critical limit of 
hydroperoxides was achieved. Diverse consumers’ attitude was observed toward sunfl ower 
oil – when the critical level of hydroperoxide was exceeded (fourth day), 97% of consumers 
still accepted the product, meaning that until this time the risk of rejection was only 3%.

The estimated shelf-life of oils was expressed as the time in which the probability of 
rejection would not exceed the established value and is presented in Table 2, together with 
95% confi dence intervals. The probability level established for shelf-life estimation purpose 
is the value of the conventional (HOUGH et al., 2006b). Usually shelf-life is estimated based 
on 25% and 50% percentiles and such values are presented in this study. Due to the software, 
these values can be easily computed and read from the shelf-life loss table. The selection of 
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the proper probability of a consumer rejection is important for economic reasons – longer 
shelf-life declared would increase the competitiveness of the brand and may give a better 
chance that the product is sold minimising the loss of retailer. Unfortunately, on the other 
hand, it carries the risk of diminished consumer confi dence in the brand, increased number of 
complaints, and consequently, the loss of reputation leading to not purchasing that brand 
again. Therefore, it is essential for the manufacturing companies to fi nd the proper balance.

Fig. 2. Percentage of consumers accepting the rapeseed oil vs. time of storage at 50 °C (confi dence bands at 95%)

Fig. 3. Percentage of consumers accepting the sunfl ower oil vs. time of storage at 50 °C (confi dence bands at 95%)
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Table 2. Shelf-life values estimated for 25% and 50% probability of consumers’ rejection

Probability of 
rejection (%)

Rapeseed oil Sunfl ower oil

Shelf life at 
50 °C
(days)

Lower 
confi dence 
limit (days)

Upper 
confi dence 
limit (days)

Shelf life at 
50 °C
(days)

Lower 
confi dence 
limit (days)

Upper 
confi dence 
limit (days)

25 3.6 3.0 4.4 6.7 6.0 7.4

50 5.4 4.7 6.1 8.1 7.6 8.7

With any level of the established probability, the rejection of sunfl ower oil would appear 
not only later than the rejection of rapeseed oil but also with higher peroxide value (Fig. 4). 
The corresponding peroxide value for 50% acceptation (equal to 50% rejection) of rapeseed 
and sunfl ower oil is about 3.2 meq O2 kg–1 and 10.5 meq O2 kg–1, respectively. Different 
consumer perception of oxidative changes in the two oils can be explained by the differences 
in their fatty acids profi les, infl uencing the quantity and the kind of the volatiles, their 
threshold values as well as the matrix effect (MIN & BOFF, 2002; KOLB & ETTRE, 2006).

y = 0.93x2 – 5.89x + 9.30
R2 = 0.986

y = –1.28x2 + 23.80x – 13.32
R2 = 0.999
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Fig. 4. Relationship between the extent of oxidation and consumers’ rejection in rapeseed and sunfl ower oils. 
◊: rapeseed oil; ○: sunfl ower oil

Development of sensory shelf-life model for a real product, stored or used under actual 
conditions by a defi ned group of consumers can be useful in shelf-life prediction. Due to the 
proposed way to integrate the sensory shelf-life with a chemical marker of quality, it is 
possible to replace consumer studies in shelf-life estimation with analytical procedures much 
simpler to conduct. It can also be a useful tool for shelf-life prediction when the storage 
temperature of the product is not known or it was not stable because it allows to relate 
chemical measure of quality to consumer acceptability without referring to the storage 
conditions.
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3. Conclusions

Although oil rejection is related to oxidative changes, the consumer perception of quality 
deterioration is specifi c to the product and does not coincide with the limiting value of 
conventional measure of shelf-life. The rapeseed oil was rejected at the early stage of 
oxidation; contradictory, sunfl ower oil was still accepted despite exceeding the critical 
hydroperoxide content. There is a risk that consumers would not recognize the advanced 
processes in food. Because of potential consequences, the issues of consumers’ perception of 
shelf-life should be relevant both for consumers and manufacturing companies.

*
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