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Abstract 
 

Background: Mayonnaise is one of the food emulsions (O/W) that is used as a condiment in 
various foods.  
Objective: Linseed oil (containing omega-3 fatty acids) was used at the replacement levels of 10, 
15 and 20% of soybean oil in mayonnaise formulation and the sensory properties of samples were 
evaluated. 
Methods: In the second part of this research, the Zataria multiflora Boiss. (ZMEO) and Satureja 
hortensis L. (SHEO) (500, 1000 and 1500) were added to oil of mayonnaise and their antioxidant 
effects, peroxide (PV) and conjucated diene (CD) values were compared with BHA syntethic 
antioxidant (100 and 200 ppm). 
Results: 15% of linseed oil used as replacer for soybean oil, showed no significant differences in 
the color, texture, taste, smell, mouth feel and overal acceptability compared with control samples, 
and this same ratio of 15 percent was used in subsequent tests. Statistical results of PV and CD 
indexes revealed that ZMEO (500) and the SHEO (1000 and 1500) had better antioxidant effect 
than BHA (100 and 200). In determination of secondary oxidation products, TBA value showed that 
ZMEO (500) was not significantly different than BHA (200) and that SHEO (1000) had better 
antioxidant activity than BHA (100 ppm). 
Conclusion: The results of antioxidative effect and sensory properties (showed no significant 
difference in taste and smell score compared with control sample) of formulated mayonnaise 
showed that these natural antioxidants in mayonnaise formulation can ameliorate the quality of 
product as functional food due to advancing the public health. 
Keywords: Satureja hortensis L., Zataria multiflora Boiss., Linseed oil, Mayonnaise, Natural 
antioxidant  
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Introduction 
Mayonnaise is a kind of semi-solid oil-in-

water emulsion. It is traditionally prepared by 
carefully mixing a mixture of egg yolk, vinegar, 
oil, and spices (especially mustard) to maintain 
closely packed foam of oil droplets; it may 
also include salt, sugar or sweeteners, and 
other optional ingredients. The emulsion is 
formed by slowly blending oil with a pre-mix 
that consists of egg yolk, vinegar, and mustard 
because mixing the oil and aqueous phase at 
once will result in formation of a water-in-oil 
emulsion. It is probably one of the oldest and 
most widely used sauces in the world today [1]. 

Oxidation is one of the major causes of 
chemical spoilage, resulting in rancidity and/or 
deterioration of the nutritional quality, colour, 
flavour, texture and safety of foods. Lipid 
oxidation is a considerable problem in lipid-
bearing foods, especially in food products 
containing lipids with highly polyunsaturated 
fatty acids (PUFA). Lipid oxidation of foods 
containing these lipids takes place almost 
instantly unless careful precautions are taken. 
Particular problems arise when the highly 
unsaturated oils are emulsified into various 
food systems [2]. 

There is at present increasing interest both 
in the industry and in scientific research for 
spices and aromatic herbs because of their 
strong antioxidant and antimicrobial 
properties, which exceed many currently used 
natural and synthetic antioxidants. 

Shahsavari et al. investigated antioxidative 
activity of essential oil of Bunium persicum in 

soybean oil. The results showed that the 
Bunium persicum essential oil (BPEO) was  
 

 

able to reduce the oxidation rate of the 
soybean oil in the accelerated condition at  
60 °C (oven test). The essential oil at 0.06% 
showed effect similar to BHA at 0.02%. 
Hence, BPEO could be used as an additive in 
food after screening [3]. Sahari et al. reported 
that tea seed oil has a natural antioxidant 
effect, and can enhance the shelf life of 
sunflower oil at 5% level [4]. Ayough et al. 
reported that the Artemisia dracunculus L. 
essential oil (ADEO) and Matricaria 
chamomilla L. essential oil (MCEO) are able 

to reduce the oxidation rate of soybean oil 
under accelerated conditions at 60 °C (oven 
test) [5]. Goli et al. reported that the pistachio 
hull extract (PHE) was effective in retarding 
oil deterioration at 60 °C, and in the 
concentration range of 0.02 - 0.06%, its 
activity increases [6]. Fazel et al. investigated 
the tea seed oil as natural antioxidants. They 
added tea seed oil at 5 and 10% levels to 
common kilka oil, and evaluated the peroxide 
(PV) and thiobarbitoric acid (TBA) values 
after 13 days at 60 °C for antioxidant effects. 
The antioxidant effects of tea seed oil in fish 
oil system was significantly different from the 
control for PV and TBA values and was 
preserved well during storage [7]. In another 
study, the antioxidant activity of Zataria 
multiflora L. essential oil in soybean oil at the 

concentration of 1000 ppm was comparable to 
that of BHA at concentration of 200 ppm [8]. 
Yasoubi et al. investigated the antioxidant 
activity of pomegranate (Punica granatum L.) 

peel extracts in soybean oil. The extract at 
concentration of 500 ppm was comparable to 
BHA and BHT at concentration of 200 ppm [9]. 
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These properties are due to many 
substances, including some vitamins, 
flavonoids, terpenoids, carotenoids, 
phytoestrogens, minerals, etc. that render spices 
and some herbs or their antioxidant components 
act as preservative agents in food [10]. 

Antioxidants are the compounds that, when 
added to food products, especially to lipids and 
lipid-containing foods, can increase shelf life 
by retarding the process of lipid peroxidation, 
which is one of the major reasons deterioration 
for food products during processing and 
storage. Synthetic antioxidants such as 
butylated hydroxyanisole (BHA) and butylated 
hydroxytoluene (BHT) have been used as 
antioxidants since the beginning of this 
century. Restrictions on the use of these 
compounds, however, are being imposed 
because of their carcinogenicity. Thus, a need 
for identifying alternative natural and safe 
sources of food antioxidant is created and the 
search for natural antioxidants, especially of 
plant origin, has notably increased in recent 
years [11]. 

Flaxseed (Linum usitatissimum L.) is 

economically important oilseed crop 
containing about 40% oil in the seed. Flaxseed 
(also known as linseed) is regaining its 
popularity from its traditional usage as a raw 
material in oil production because of the 
reported health benefits of n-3 fatty acids and 
its exceptionally high content of the n-3 fatty 
acid, alpha linolenic acid (ALA). According 
to, flaxseed oil usually contains greater than 
50% of ALA. Flaxseed oil is extracted from 
the seed and can be consumed with food (as 
salad oil) or in nutraceutical forms [12]. 

The aim of this study was to evaluate 
antioxidant activity of Zataria multiflora 
Boiss. and Satureja hortensis L. essential oils 

on mayonnaise formulated with linseed oil 
(containing omega-3 fatty acids). 

 

Material and Methods 

Materials 
Chloroform, ethanol, aceton, sodium 

thiosulfate, starch, acetic acid, trichloroacetic 
acid (TCA), 2-thiobarbituric acid (TBA), 
butylated hydroxyanisole (BHA), potassium 
iodate, potassium sorbate were purchased from 
Merck (Darmstadt, Germany); cyclohexane 
from Riedel-dehaen Company, xantan from 
Provisco Company (Switzerland); 
carboxymethyl cellulose from Founders Room 
Company (Japan), potassium iodide from 
Applied Chemistry Company (Germany). All 
chemicals were analytical grade. 

The essential oil of Zataria multiflora 

Boiss. (prepared by the method of vapor 
condensation) was purchased from Iranian 
Company Gyah Essence Gorgan (Golestan 
Province, Iran). 

Satureja hortensis L. essential oil (SEO) 

was obtained from the Institute of Medicinal 
Plants and Natural Products Research, Karaj, 
Iran and kept at −4 °C until it was used. 

The main material, flaxseed (Linum 
usitatissimum L.) was collected from the Plant 

and Seed Center of Jahad-e-Agriculture 
Ministry located in Karaj (Alborz Province, 
Iran). Soy oil non antioxidant was purchased 
from company Aliya Company (Golestan 
Province, Iran). 
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Extraction of linseed oil 
The oil was extracted in laboratory by 

solvent method, that is, the seed were cleaned 
and ground and poured in some cartouches, 
then some cotton soaked in hexane was put 
upon them, the extraction was done at room 
temperature. 
 
Production and storage of mayonnaise 

The production of mayonnaise was carried 
out as described by [13] and comprised three 
successive stages: Blending of all ingredients 
except oil, addition of oil under controlled 
conditions during continuous blending. 

The ingredients in the mayonnaise were 
soybean oil 66%, full egg 13.5%, water 7.50%, 
vinegar 7.70%, sugar 3.85%, salt 1.50%, 
xantan 0.16%, potassium sorbate 0.1%, 
carboxymethyl cellulose 0.04% all of food 
grade. 
 
Addition of essential oils in mayonnaise 

The essential oils were added to oil of 
mayonnaise at the rates of 500, 1000 and 1500 
ppm and BHA syntethic antioxidant at the 
rates of 100 and 200 ppm. Thereafter their 
antioxidant effects were evaluated by peroxide 
(PV), conjucated diene (CD) and thiobarbituric 
acid (TBA) values. 

Samples of mayonnaise in Petri dishes with 
lids were stored in darkness for 8 weeks at 
30ºC and three different methods for 
determination of oxidative changes in the 
mayonnaise were tested. The results were 
reported based on three replicates of the test. 
 
 

Peroxide value (PV) 
Peroxide value (PV) of samples was 

measured according to the AOCS method [14]. 
 
Conjugated diene hydroperoxides (CDH) 
assay 

The oil sample of mayonnaise, 50 mg was 
mixed with 5 ml of cyclohexane and vortexed. 
CDH absorbance was recorded at 234 nm [15]. 
 
Thiobarbituric acid value (TBA) 

1.00 g mayonnaise was dissolved in 3.5 ml 
cyclohexane, and 4.5 ml of 7.5% trichloroacetic 
acid (TCA) /0.34% thiobarbitoric acid (TBA) 
was subsequently added, and the resulting 
mixture was shaken for 5 min. After 
centrifuging for 15 min at 2870 g the TCA-
TBA phase was removed and heated in a water 
bath at 100°C for10 min. The absorption at 
532 nm was measured [14]. 
 
Separation oil of mayonnaise 

Samples were first thoroughly homogenized 
then chloroform and methanol in ratio of 2:1, 
were added and shaken for 6 hr, then oil was 
separated by rotary evaporator [16]. 
 
Sensory evaluation 

Early linseed oil (containing omega-3 fatty 
acids) was used at the replacement levels of 
10, 15 and 20% of soybean oil in mayonnaise 
formulation and the sensory properties of these 
samples were evaluated. The attributes of 
color, texture, taste, smell, mouth feel and 
overal acceptability were assessed by panelists 
using Hedonic test. 
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Finally sensory evaluation and 
antioxidative effect of the essential oils treated 
with 500 ppm of Zaturia moltiflora B. 
(ZMEO) and 1000 ppm Satureja hortensis L. 

(SHEO) were evaluated. Mayonnaise samples 
were prepared by mixing mayonnaise oil with 
500 ppm of ZMEO B. and 1000 ppm SHEO 
then the preparations were given to panelists to 
eat with salad. The panelists were asked to 
evaluate taste and smell of the mayonnaise 
samples on a scale from 5 to 1 indicating 
decreasing taste. A general taste score was 
calculated as the average of all grades. The 
data from the 15 independent panelists were 
pooled and the mean values and standard 
deviations were determined. 

 

Statistical analysis  
Experimental data was analysed using one-

way analysis of variance (ANOVA) and 
significant differences among means from a 
triplicate analysis at (p<0.05) were determined 
by Duncan’s multiple range test (DMRT) 
using the SPSS v.16.0 for Windows (SPSS 
Inc., Chicago) software. 
 

Results 

Peroxide value (PV) 
Results of oxidative changes taking place in 

mayonnaise samples of different treatments 
(receiving different antioxidants) ZMEO and 
SHLO, synthetic antioxidant BHA and control 
after 8 week of storage at 30ºC are shown in 
Fig. 1. 
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Fig. 1- Comparsion of the effects of different concentrations of ZMEO and SHLO on PV, CDH, TBA of 
mayonnaise containing linseed oil at weekly intervals  
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Results showed in different concentrations 
of ZMEO in comparision with blank sample 
(without any antioxidant), in last week of 
antioxidant activity, concentration of 1000 and 
1500 ppm had no significant difference and 
concentration of 500 ppm was the best 
treatmeant and had significant difference in 
comparision with synthetic antioxidant of 
BHA. Also did not find any significant 
different between concentration of 1500 ppm 
of ZMEO and 200 ppm synthetic antioxidant 
of BHA. While in the case of SHLO at 1000 
ppm showed significantly better antioxidant 
effect compared with BHA at 100 ppm (Fig. 2). 

 
Conjugated diene hydroperoxides (CDH) 

Results showed that between various 
concentrations of ZMEO in comparision with 
blank sample (without any antioxidant) in last 
week of antioxidant activity, concentration of 
500 ppm was the best treatmeant and had 
significant difference in comparision with 
synthetic antioxidant of 100 and 200 ppm 
BHA. 

In case of SHLO, however, results showed 
that concentration of 1000 ppm SHLO had 
significantly better antioxidant activity than 
that of 100 ppm BHA Fig. 2. 
 
Thiobarbituric acid value (TBA) 

Results showed that between various 
concentrations of ZMEO in comparision with 
blank sample (without any antioxidant), in last 
week of antioxidant activity, concentration of 
500 ppm was the best treatmeant and had 
significant difference in comparision with 
synthetic antioxidant of 100 ppm BHA Fig. 2. 

In short all concentrations of SHLO had an 
antioxidant activity similar to synthetic 
antioxidant of BHA at concentration of 100 
ppm for inhibition of secondary products.  

Also TBA values of 1000 ppm ZMEO and 
1000 ppm SHLO have not shown significant 
differences Fig. 2. 
 
Sensory evaluation  

The results showed that 15% linseed oil 
used as replacer for soybean oil, caused no 
significant difference in the color, texture, 
taste, smell, mouth feel and overal 
acceptability in comparision with control 
samples, and this percent was used in 
subsequent tests. Also results of antioxidative 
efficacy and sensory properties (no significant 
difference in taste and smell score in 
comparision with contorol sample. 

 

Discussion 
Differences in chemical compositions of the 

extracts obtained from different parts of the 
world could be due to use of various species; 
and different climates, cultivation, and storage 
conditions. Differences in the composition of 
the oils and extracts affect their antioxidant 
properties [17]. The antioxidant activity of 
natural antioxidants is higher than those 
reported by other researches. Shahidi et al. 
reported that the antioxidant effect of aromatic 
plants is due to the presence of hydroxyl 
groups in their phenolic compounds. Previous 
studies by Pokorny et al. showed that sage 
extract has a strong antioxidant effect in 
sunflower oil [18, 19]. The antioxidative  
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Fig. 2- Shelf-life comparsion of (as for PV, CDH and TBA) of mayonnaise containing 15% linseed oil and 

ZMEO, SHEO and BHA in the last week. 
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effects of sage, thyme, and oregano in 
rapeseed oil during storage at 60 °C were 
confirmed by Takacsova et al. [20]. 
Yanishlieva and Marinova reported that the 
extract of Melissa offcinalis L. (lemon balm) 

showed antioxidative action [21]. It is difficult 
to evaluate natural antioxidants in oils and 
food emulsions in view of the complex 
interfacial affinities between air-oil and oil-
water interfaces involved. Frankel et al. and 
Huang et al. showed that the relative 
effectiveness of lipophilic and hydrophilic 
antioxidants was dependent on the lipid 
substrate, physical state (bulk oil, emulsion), 
antioxidant concentration, oxidation time and 
temperature, and the analytical method used to 
determine the extent and end point of 
oxidation. Moreover, the hydrophilic 
antioxidants become diluted in water phase 
and cannot adequately protect the oil in the oil 
water interface [22, 23]. 

Madsen et al. investigated the antioxidant 
activity of summer savory (Satureja hortensis 
L.) and rosemary (Rosmarinus oficinalis L.) in 

French dressing during dark and light storage 
at 19 °C for up to 24 weeks. They found that 
for oil-in-water emulsion as dressing, addition 
of 0.15% produces a significantly better 
antioxidative protection than addition of 80 
ppm propyl gallate. Addition of freeze-dried 
methanol extract of the two spices in an 
equivalent concentration had lower 
antioxidative effect; but the effect was 

comparable to the effect of propyl gallate [16]. 
Abdalla and Roozen evaluated the 
antioxidative activities of plant extracts in the 
sunflower oil and its 20% oil-in-water 
emulsion at 60 °C in the dark. They concluded 
that thyme and lemon balm extracts inhibited 
hexanal generation more than formation of 
conjugated dienes in both oil and emulsion. 
Oregano extract was more active in oil than in 
emulsion. Catnip and hyssop extracts (600 
ppm) showed prooxidative action to sunflower 
oil at 60 °C. In emulsions, during additional 
incubation, catnip extract (600 ppm) was 
active and significantly inhibited the formation 
of conjugated dienes compared with BHT (300 
ppm) [24]. 
 

Conclusion 

The results obtained in this study showed 
that ZSO and SEO can be used as a natural 
antioxidant ingredients in the mayonnaise 
linseed oil (containing omega-3 fatty acids) as 
a functional food due to advancing the public 
health. 
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