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Abstract

Background:Mayonnaise, a high-oil containing product, is syible to oxidation resulting

in quality deterioration and the formation of unid&gisle components such as free radicals and
reactive aldehydes. A better understanding of déletofs affecting lipid oxidation and ways of
retarding oxidation in mayonnaise is essential nideo to improve the shelf-life of

mayonnaise.

Scope and approachrfhis review presents up-to-date knowledge on Hwtofs affecting
lipid oxidation and strategies to retard lipid cedidn in mayonnaise, with an emphasis on
natural antioxidants, and application to other Emeémulsions. Eliminating possible factors,
which will reduce the induction period and hastancidity, can increase the shelf life of
mayonnaise but one of the most effective meanstafding lipid oxidation in mayonnaise is
to incorporate antioxidants. Due to the negativeeots and perceptions of synthetic
antioxidants, there has been a growing interesimiproving oxidative stability of food
products with natural ingredients. Therefore, tovide a better base for food engineers to
design an effective natural antioxidant systemnfi@ayonnaise, in this review the emphasis is

given to using natural antioxidants in mayonnaise.

Key findings and conclusionRecent studies showed that incorporation of nhtura
antioxidants in mayonnaise could increase its dwida stability. However, natural
antioxidants may exert a negative effect on senpaoperties and further studies are needed
to identify, quantify and overcome this problem.faulating the interfacial layer of the oll
droplet also shows promise for retarding oxidatibowever, there is a lack of literature

addressing this area.

Key words: Natural antioxidant; Mayonnaise; Oil awubxidation; Polar paradox; Sensory
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General introduction to lipid oxidation in food emulsion systems such as mayonnaise
Oxidation of unsaturated fatty acids has been tam fiocus of research that targets chemical
instability of emulsions. Mayonnaise is a low-pH ioi water emulsion consisting of three
different components: 70-80% oil (the dispersedsphavinegar (the continuous phase) and
egg yolk as an emulsifier at the interface (Li, Kioh Lee, & Rhee, 2014). As in the case of
all high oil-containing foods, mayonnaise is susitd to deterioration due to auto-oxidation
of the unsaturated fats in the oil. Auto-oxidatijproceeds through three steps: during the
initiation step, external energy, such as lightsamn unsaturated lipid molecules or fatty
acids, in the presence of catalysts such as tiamsitetal, to generate a free radical by losing
a hydrogen atom. During the propagation step, tkyd af the unsaturated lipid (Rreacts
very fast with molecular oxygen to form peroxidelicals. This step is always much faster
than the following which involves a hydrogen trasfeaction with unsaturated lipids to
form hydroperoxides. At this stage, lipid peroxydicals (ROQ and hydroperoxides
(ROOH) are the primary oxidation products. Lipiddhyperoxides are tasteless, but they
further decompose to aldehydes, ketones, alcohgthpocarbons, volatile organic acids and
epoxy compounds known as secondary oxidation ptedudich are responsible for the off-
flavour and off-odour of the oil. Primary oxidatigoroducts and secondary oxidation
products, together with free radicals, constitute basis for measuring the oxidative
deterioration of food lipids (Shahidi & Zhong, 200 the termination step, the produced
radicals from the propagation step can be termihbyeself-interactions to form non-radical

species, such as oxidized polar/ non-polar dimetsroers of lipids.

In emulsions formed from oil and water, lipid oaiobn reactions are generally initiated at
the interface between the oil and water, where gxidants (transition metals) in the
continuous phase are able to come into close cowidit the hydroperoxides located at the
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droplet surface (McClements & Decker, 2000). Lipiidation in mayonnaise leads to the
development of potentially toxic reaction produd¢Soupland & McClements, 1996),
undesirable off-flavours and consequently decretiseshelf life of mayonnaise (Aleméan et
al., 2015). In order to tackle the problem of lippaidation, different strategies such as
eliminating factors promoting lipid oxidation anging antioxidants are necessary. One of
the common ways of retarding lipid oxidation is thee of antioxidants. The efficacy of an
antioxidant is influenced by different factors suhits interaction with other ingredients and
its ability to be located at the interface, wheneidation takes place (Coupland &
McClements, 1996). Synthetic antioxidants such asyléited hydroxy toluene (BHT),
butylated hydroxy anisole (BHA) and ethylene diaenietraacetic acid (EDTA) (commercial
antioxidants) are widely used in mayonnaise to @mévancidity. However, these products
suffer from a negative impression for their toxiadacarcinogenic effects in high
concentrations (Martinez-Tomé et al., 2001). Initald there is a growing demand from
customers for products such as mayonnaise to eepthemical ingredients with natural
ingredients. Incorporation of natural antioxidamt food products has great potential for
improving oxidative stability of food products andll appeal to a wider group of consumers.
In addition, these compounds could also have hgatimoting benefits which would enable

mayonnaise producers to hit two desirable tardegtatth and natural (Hermund et al., 2015).

Low pH and high fat content of mayonnaise makessistant to microbial spoilage (Depree
& Savage, 2001). Therefore, the objective of thesent paper is to review current
understanding of factors affecting lipid oxidatiand antioxidative strategies to retard lipid
oxidation in mayonnaise with a particular focus @anrent knowledge on the efficacy of
natural antioxidants in retarding lipid oxidation mayonnaise. The aim is to provide

important information based on available literatueports concerning lipid oxidation in
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mayonnaise to control lipid oxidation and facilgdhe replacement of synthetic antioxidants

with natural ones.

Factors affecting lipid oxidation in mayonnaise

Lipid oxidation in a complex food system such asyommaise, is not simple, so the
mechanism of lipid oxidation in mayonnaise is mommplex than in bulk oil systems.
Although the basic oxidation reactions of lipidsmayonnaise are the same as those of lipids
in bulk oil systems, factors affecting lipid oxidat are significantly different in mayonnaise
and bulk oil systems (Jacobsen, Let, Nielsen, & #e@008). In this section, data from
previous studies of factors influencing lipid oxida in mayonnaise, from intrinsic to
extrinsic, will be presented in order to highligtdat only the most important factors affecting
lipid oxidation in mayonnaise, but also to providegeneral view of ways to lessen these

factors and control lipid oxidation in mayonnaise.

Metals

The presence of even small amounts of transitiotalsien mayonnaise can accelerate
oxidation by decreasing the induction period of thleand making it more susceptible to
oxidation. Iron and copper are known initiatorslipfd oxidation. Mayonnaise is an acidic
product; during manufacturing and packaging, ittaots utensils and machinery. The acid of
mayonnaise dissolves out the iron from a tin-liteok and may become contaminated with
metals, which accelerate rancidity and shorterstiedf life of the finished product (Epstein,
1929b; Reynolds, 1927). Epstein (1929a) pointed thatt the presence of metals in
mayonnaise products not only causes rancidity kst & decreases nutritional value of
ingredients present in the product. However, witbppr care and precautions it is possible to

lessen the risk of contamination of products, f@tance, using aluminium utensils.

Temperature



112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

We know from lipid oxidation theory that high temgtire increases lipid oxidation
(Frankel, 1998). Findings from experiments with w@yaise have shown the increase in
oxidation at higher temperatures which are in agese with lipid oxidation theory. A study
investigating the effect of temperature on the ati@h of fish oil mayonnaise, showed that
fish oil mayonnaise is more stable at refrigeratemperatures (2 °C) than at higher
temperatures (30 °C) (Hsieh & Regenstein, 1991)addition, a study on the oxidative
stability of cholesterol in commercial mayonnaigendnstrated that temperature and time are
important factors in oxidation of cholesterol in yoanaise. They proposed that total
formation of cholesterol oxides during 165 days ®s3 pg/g at 4 °C and 30.2 pg/g at 25
°C. Hence, decreasing storage temperature coubddmod way of supressing the oxidation
of cholesterol in mayonnaise (Morales-Aizpurta &nitig-Filho, 2005). Based on another
study, light mayonnaise (40% oil), even those withftsh oil, cannot be stored at 20 °C for 4
months because of significant lipid oxidation ($@en, Nielsen, Hyldig, & Jacobsen, 2010).
Consistent with previous studies, higher totox galand peroxide values were recorded for
mayonnaises stored at 25 °C compared with samplesdsat 4 °C (Li et al., 2014).

Light

Lipid oxidation caused by light exposure can be tlueither photolytic auto-oxidation or
photosensitized oxidation. Photolytic auto-oxidatioccurs when lipids are exposed to
ultraviolet radiation and consequently, free radicae produced. On the other hand, in the
presence of photosensitisers and visible lightatumated fatty acids undergo photosensitised
oxidation. Natural pigments present in foods, sashiboflavin and chlorophylls, are known
to be efficient photosensitisers due to their cgajad double-bond system (Bradley & Min,
1992). Light, with a wavelength of 365 nm, promadtes oxidation of unsaturated fats due to
photosynthesised oxidation but light of wavelengiheve 470 nm has no effect. Hence, it is

important to protect mayonnaise from wavelengthsrteh than 470 nm (Lennersten &
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Lingnert, 2000). The visible light in the blue ranglso increases oxidation in mayonnaise.
Considering lights used in supermarkets (significaurce of light at 365 nm and in the 410-
450 nm range) avoiding intensive lighting can haleserving the fresh taste of mayonnaise
(Lagunes- Galvez, Cuvelier, Odonnaud, & Berset, 2002).

Packaging

In addition to processing, mayonnaise quality dyristorage depends on the chosen
packaging material. Some substances used in thegeriais may migrate to the food
matrices and cause off-flavours. In some casesmggspermeate the packaging material and
cause oxidation of mayonnaise. Producers chooskagenr materials based on several
factors (e.g. the costs of material, shelf lifetloé product and the convenience to the user).
Usually manufacturers use glass or polyethylenstigla Glass is a greater barrier against
oxygen than many plastics, so it can provide bebt@tection against oxidation of the
mayonnaise (Buquet, 1979). Polyester materials asdRET (polyethylene terephtalate) and
PEN (polyethylene naphtalate) are also popular ayannaise packaging. They have the
benefits of glass like lightness, breakability arahsparency. However, producers should
consider light transmission properties of packagmagerial in choosing the right packaging
material. The polyester materials (PET, PEN and/PE) filter out the ultraviolet radiation
to different degrees (PEN and PET/PEN > PET) aackthy protect mayonnaise against lipid
oxidation, but not against colour changes (Leneer$t Lingnert, 2000). The incorporation
of Amosorb as an oxygen scavenger in PET greatlyrones the oxidative stability of
mayonnaise (Sensidoni, Leonardi, Possamai, Tamag@oReressini, 2004). Other types of
packaging, such as Tetra Brik, reduce mayonnaigdab@an and extend shelf life of
mayonnaise by protecting it from air and light (8sategui, 2001). In addition to packaging
materials, other factors like type and size of paokg may affect shelf life of mayonnaise.

Studies showed that type of package (jar or podohjot have an effect on changes during
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storage time while package size influence aromanayonnaise (Martinez, Mucci, Cruz,
Hough, & Sanchez, 1998). Reducing oxygen conceotrgiminimizing headspace in the
container or packaging under vacuum or nitrogem caduce the oxidation rate in
mayonnaise (Hsieh, 1990; Hsieh & Regenstein, 1991).

pH

The pH of mayonnaise ranges from 3.6 to 4.0 (Kasharthy & Witte, 1996). The highest
viscoelasticity and stability of mayonnaise is aoleid when the pH is close to the isoelectric
point of the egg yolk because of the minimum chavgethe proteins (Depree & Savage,
2001). However, decreasing pH from neutral to adofgur can have a strong pro-oxidant
effect on mayonnaise by breaking bridges between @g yolk proteins (low-density
lipoproteins, lipovitellin, and phosvitin) and iroBubsequently, iron releases from the egg
yolk and becomes more accessible as oxidatioraiaitiJacobsen, Adler-Nissen, & Meyer,
1999; Jacobsen, Timm, & Meyer, 2001). In additionhaving pro-oxidant activity, the
distribution of the volatile compounds (secondamydoicts of oxidation) is dependent on pH.
For example at pH 4, carbonyl compounds (propacat) easily migrate from the liquid
phase to gas phase because of weak interactionedetthe proteineous emulsifier under
acidic conditions, so the stability of the mayomseaflavour could be totally different from
oxidative stability (Takai, Endo, Okuzaki, & Fujitm 2003).

Chemical structure of lipids

Susceptibility of a lipid molecule to oxidation éetermined by its chemical structure, in
particular, the number and location of the doubdmds (McClements & Decker, 2000).
Saturated lipids are more stable to lipid oxidatioan unsaturated lipids. One of the ways of
retarding oxidation could be to use saturated $igdt in practice, it is not possible because
different types of lipid in mayonnaise can provgpecial physical and sensory characteristics

that cannot be obtained using saturated lipids.orparating lipids that contain
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polyunsaturated fatty acids into mayonnaise canrorg consumers’ health, but these are
less stable because of their double bonds. Surghsifrom the studies on fish oil enriched
mayonnaise, we can see that this mayonnaise doksoxidise faster or more than
mayonnaises without fish oil. However, developmehtunpleasant off-odours and off-
flavours in fish oil enriched mayonnaise is mucstéa than for mayonnaise without fish oll
(Bragaddttir, porkelsdottir, Klonowski, & Gunnlaulgdtir, 2006; Jacobsen, Hartvigsen, et
al., 1999). Off-flavour in fish oil enriched mayase may be caused by specific volatile
compounds with low sensory threshold values thamstfrom the oxidation of
eicosapentaenoic acid (EPA) and docosahexaenalc(BEiA) (Sgrensen, Nielsen, Hyldig,
et al., 2010).

Recently the interest in using structured lipids futritional applications has increased.
Three different lipids based on sunflower oil sash traditional sun flower oil (SO), specific
structured lipid from sunflower oil and caprylicid€SL), and chemically randomized lipid
(RL) were used in mayonnaise and their oxidatiadity was studied (Jacobsen, Xu, Skall
Nielsen, & TimmHeinrich, 2003). Mayonnaise produced with SL hae last oxidative
stability among the three. The low oxidative sti&pibf mayonnaise based on SL could be
due to several factors, but the most influentiatevthe structure of the lipid, the lower
tocopherol content and the higher initial leveldipifd hydroperoxides and secondary volatile
oxidation compounds in the SL itself compared wtk RL and traditional sunflower oll
employed. Although the oxidative stability of mayaise was totally dependent on the lipid
type, the rheological properties of the mayonnaias influenced by the structure of the lipid
(Jacobsen et al., 2003). Taken together, obtaiaiggod quality mayonnaise enriched with
SL, the process of purifying and producing SL basedunflower oil should be improved. In
addition, structured lipids based on fish oil weneorporated in mayonnaise and their

oxidative stability was studied (Timm-Heinrich, XWNielsen, & Jacobsen, 2004). The
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oxidative stability of mayonnaise was significandgpendant on lipid type. The mayonnaise
based on specific structured lipid showed the legmstative stability and these results were in
good agreement with a previous study on structlipgtl based on sunflower oil (Jacobsen et
al., 2003).

Using two different types of oil in mayonnaise cehange the oxidative stability of
mayonnaise. For instance, mayonnaise made withdrsaturated medium triglyceride and
unsaturated linseed oil was less prone to oxidatiam mayonnaise made with unsaturated
linseed oil (Raudsepp, Briggemann, Lenferink, Q8t&Andersen, 2014). It can be assumed
that mixed unsaturated medium triglyceride decré#éise oxidation of unsaturated linseed oil
droplets but the oxidative stabilization of mixetlrmayonnaise was not just due to diluting
unsaturated triglycerides with saturated triglydesi. Further studies are needed in order to
identify these effects.

Oil concentration

The food industry is trying to develop healthieogucts such as low fat formulations in
response to advice from consumers. Low fat mayaeeniai expected to have a lower rate of
oxidation than whole mayonnaise (Abu-Salem & Abawa#® 2008) but there are some
contradicting results about the effect of reduaddcbntent on lipid oxidation of mayonnaise.
In a study on mayonnaise with 63% oil and mays®diased salad with lower amount of
oil (24%)), it was found that the mayonnaise withrenoil was more oxidatively stable than
mayonnaise with less oil (Sgrensen, Nielsen, & Bsen, 2010). Moreover, fish oil enriched
mayonnaise used in this study had a greater oxa&latiability compared to other fish oil
enriched mayonnaises in other studies. Sgrensah @010) referred this higher oxidative
stability to a combination of lower total oil contg(63%), lower fish oil content (6.3%) and
low storage temperature (2 °C). In another studjhtImayonnaise (40%) oxidized at the

same rate as a full fat mayonnaise (80%) but faten (63%) mayonnaise (Sgrensen,

10
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Nielsen, Hyldig, et al., 2010). Therefore, it ikdly that factors other than the oil content
affect the oxidation rate in light mayonnaises, &ndher investigations should be done to

resolve this issue.

Type of emulsifier

In mayonnaise, oil droplets are surrounded by a lbnane of emulsifier molecules that
provides physical stability of the emulsion and dative stability by acting as a barrier
against pro-oxidants such as metals and free dadidance, the effect of emulsifier on the
oxidative stability of mayonnaise is important.

Mayonnaise is traditionally made from egg yolk, @hplays the role of emulsifying agent.
Besides egg yolk, several emulsifiers have beemn usemayonnaise and their oxidative
stability has been studied. Lecithin from differesit sources (sunflower, corn germ and
soybean) as well as their modified forms (lecitboybean protein isolate and alcohol soluble
fraction) were used in low calorie mayonnaise (Magdostafa, El-Deep, & Kishk, 2003).
Mayonnaise made with whole egg was the most seadibi oxidation while soluble lecithin
fractions were the best emulsifiers during storpgeod. It can be concluded that the use of
modified lecithins can improve the oxidative stapibf low calorie mayonnaise (Magda et
al., 2003). On the other hand, a study on oxidastability of mayonnaise-like emulsions
containing salmon oil emulsified with soy milk amdole egg showed that the emulsion
prepared with whole egg was more stable to oxidatltan the mayonnaise made with
soymilk (Takai et al., 2003). Soymilk and whole dgye a variety of proteins so the protein
structures in the emulsion might influence the fand size of lipid droplets. Additionally,
electric charge differs between whole egg and skikymioreover, phospholipids might act as
antioxidants and increase oxidative stability olésions containing whole egg. Some studies

on fish oil enriched mayonnaise suggested the gidaat effect of iron from egg yolk used

11
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as emulsifier at low pH (Jacobsen, Timm, et alQ1d0Based on these findings Sgrensen et
al. (2010) decided to investigate the influenceubstituting egg yolk as an emulsifier with
an emulsifier with a lower iron content such asknpitotein on oxidative stability of fish oil
enriched mayonnaise. Surprisingly replacing egg yoth a lower iron-containing emulsifier
did not enhance the oxidative stability of fish erriched mayonnaises. Even though the
mayonnaise with milk protein as emulsifier was maseous and probably had a multilayer
or a cationic surface around the oil, the peroxidkie of it was 100-fold higher than the
peroxide value of mayonnaise with egg yolk. From tesults of this study, Sgrensen et al.
(2010) suggested that the initial quality of enfidsiis even more important than its iron
content.

The influence of ingredients

Mayonnaise is composed of an array of componerntseimgueous phase and at the oil-water
interface, such as NaCl, sugar, lemon juice ancgan that can affect lipid oxidation
processes. Some of these ingredients contain lowetrations of Fe and Cu (Jacobsen,
Hartvigsen, et al., 2000) but egg yolk, a tradidbemulsifier in mayonnaise, is a major
source of iron and contains >720 UM iron, but orflly uM copper. The iron in the egg yolk
is bound to the protein phosvitin (Causeret, Mg&in& Lorient, 1991). Mayonnaise has a
low pH and at this pH, the iron bridges between spitm, lipovitelin and low-density
lipoprotein (LDL) break and cause the release af.irAscorbic acid is able to reduce’Fe
Fe*, which is more active as an oxidation catalyshtke* (Jacobsen, Adler-Nissen, et al.,
1999; Jacobsen, Timm, et al., 2001). This phenomeao happen even when®Fis bound

to phosvitin as indicated in Figure 1 (equilibridn

Accessible iron either at the oil/water interfaas (vith low pH) or in the aqueous phase (as
with the presence of ascorbic acid) catalyses teakolown of hydroperoxides (LOOH) to

secondary oxidation products (LOOH +Fe> LO + OH + F&") that make rancid and fishy

12
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off-flavours. Lemon juice in the agueous phase alyomnaise promotes radical formation.
This could be because of the presence of ascochiciralemon juice. As mentioned above
ascorbic acid in mayonnaise acts as a pro-oxidacause it can form a complex between
iron and ascorbate, which breaks lipid hydroperesidt the oil-water interface (Hsieh, 1990;
Jacobsen, Adler-Nissen, et al., 1999). Vinegane @ the mayonnaise ingredients that act as
pro-oxidant because of its ability to reduce the gitd subsequently increase the release of
iron from egg yolk (Thomsen, Jacobsen, & Skibs®@D0). Salt has an important role to
play. It contributes to the flavour of mayonnaisel @an promote the stability of emulsion. In
addition, salt can influence the rate of auto-otiaia The effect of three types of salt: NaCl,
mineral salt (65% NaCl, 25% KCI and 10% MgS&H,0) and Morton Lite salt (50% NacCl,
50% KCI) showed that NaCl and mineral salt incrdate oxidation of mayonnaise in the
absence of antioxidant while Morton Lite salt didt (Lahtinen & Ndabikunze, 1990).
However, antioxidant neutralized their effect b&%®@ NaCl still increased the oxidation
level. On the other hand Thomsen et al. (2000)ceteéd that neither NaCl nor sugar induce
the formation of radicals in freshly produced mayaise. Ostrich eggs are a good source of
protein, total lipids, carbohydrates, calcium, pdtamus, potassium, sodium and zinc.
Interestingly, a study showed that mayonnaise nfiaahe ostrich eggs was more oxidatively
stable than that made from chicken eggs (Abu-Saedbou-Arab, 2008). Also, in that
study they found out that by pasteurization of nmmgse made either with ostrich eggs or
with chicken eggs, we can increase oxidative stglof mayonnaise. Pasteurization is likely
to stabilise the egg by inactivating pro-oxidatiand oxidation factors and oxidation
mediating enzymes.

Physical structure of mayonnaise

Contact between iron and oil in water emulsion tkfbgurface promotes metal catalysed

oxidation. Therefore, it could be assumed thatdize of the total oil droplet surface area

13
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influences the rate of oxidation. For this reasarstudy investigated the influence of oll
droplet size on oxidative stability of mayonnaidadobsen, Hartvigsen, et al., 2000). They
found out that kinetics of the initiation and prgpéion of oxidation process in mayonnaise is
greatly affected by oil droplet size. Mayonnaiseéhwlarger droplets developed fishy and
rancid off-flavour slower and later than mayonnaigth smaller droplets in the initial stage
of the storage period. These findings show that ithgal oxidation of mayonnaise is
dependent on interfacial area and support the hgsat that lipid oxidation is initiated at the
oil/water interface. However, the propagation ofdation is less dependent on interfacial
area. Moreover, the droplet size also influencesrkieological properties of mayonnaise. It
has been proposed that one way of retarding omiaddh oil in water emulsion could be
reducing the diffusion rate of oxidation by incregsthe viscosity of the aqueous phase
(Sims, Fioriti, & Trumbetas, 1979). Although highescosity generally decreases the rate of
oxidation by reducing the diffusion rate of pro-@ants, in the case of mayonnaise, higher
viscosity increased the oxidation rate due to allemaverage particle size. Therefore, it
seems that particle size plays a greater role tiaoosity in oxidation processes in
mayonnaise. Mayonnaise with small droplet size ssarphysically stable. In order to meet
the needs of food manufacturers for having botrsgajly and oxidative stable mayonnaise,
optimal combination of processing conditions andiksifiers should be adopted (Jacobsen,

Hartvigsen, et al., 2000).

Retarding lipid oxidation in mayonnaise

Eliminating possible factors, which will reduce tinduction period and hasten rancidity, can
increase the shelf life of mayonnaise. Some of tteans of retarding lipid oxidation is

reducing oxygen concentration in food (by packingler vacuum or nitrogen and using
packaging materials with good oxygen barrier proegy (Coupland & McClements, 1996)

and lowering the storage temperature. For exangxeusion of oxygen by using nitrogen
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can retard lipid oxidation more than addition oftbatyl hydroquinone (TBHQ) (0.02%) to
mayonnaise produced with fish oil (70%) (Hsieh &gRestein, 1991). However, exclusion
of oxygen in a used food product is difficult soeanf the most effective means of retarding
lipid oxidation in mayonnaise is to incorporate iaxidants. Several studies have been
carried out on the effect of synthetic and natardioxidants in mayonnaise. Table 1 presents

collated summary on the use of natural and syisthetioxidants in mayonnaise.

Synthetic antioxidants used in mayonnaise

According to the codex standard for mayonnaisdizuny of some chemical antioxidants at
defined concentration is permitted. Synthetic aatiants such as BHT, BHA, TBHQ and
EDTA have been used in food industry to preventotkidation of fat in food. Although these
products are more economical than natural antioxglahey get a negative impression for
being a synthetic product. Among the syntheticaxdiants, BHA and BHT are widely used
in food industry (Sanhueza, Nieto, & Valenzuela)@0

TBHQ

Tert-butylhydroquinof TBHQ) is a popular synthetic antioxidant. It is leepolic compound
and a polar antioxidant (Belitz, Grosch, & Schiéde2009). The maximum level of allowed
TBHQ in the finished product is 120 mg/kg accorditogCodex Alimentarius. It was a
successful antioxidant for deodorized and staldlizgh oil mayonnaise stored at 2 °C for 14
weeks (Hsieh, 1990; Hsieh & Regenstein, 1991).dditeon, TBHQ was effective at early
storage times in lengthening the period before aad was initiated (Hsieh & Regenstein,
1992).

EDTA

Ethylene diaminotetraacetic acid (EDTA) is a sytithantioxidant. It was the first widely
used chelating agent. EDTA, together with ascodwmi, propyl gallate, and citric acid,

efficiently inhibited off-odor development in maymaise based on 100% fish oil (Jafar,
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Hultin, Bimbo, Crowther, & Barlow, 1994). EDTA cahelate free iron as well as phosuvitin-
bound iron in egg yolk at the oil-water interfadé¢msen, Jacobsen, et al., 2000). Therefore,
iron ions are unable to catalyse lipid hydroperexdkcomposition to products that may
develop oxidation or probably decompose furtheoffeflavour volatiles. EDTA has been
found to prevent peroxide formation (Thomsen, Jaenbet al., 2000) also it has the ability
to inhibit formation of heptadienal better than aeal (Jacobsen, Hartvigsen, Thomsen, et
al., 2001) and it can efficiently prevent off-flaus in mayonnaise. From all studies on the
effect of EDTA on oxidation in mayonnaise we canaade that it is an efficient antioxidant
in mayonnaise (Jacobsen, Hartvigsen, Thomsen,,2G)1; Jacobsen et al., 2003; Nielsen,
Petersen, Meyer, Timm-Heinrich, & Jacobsen, 200Apnisen, Jacobsen, et al., 2000;
Thomsen, Kristensen, & Skibsted, 2000).

As mentioned above EDTA prevented formation of adynal better than hexanal, this
difference is due to the different origin of thessatiles (Jacobsen et al., 2008). Heptadienal
is formed from n-3 fatty acids (n-3 peroxides) anel more polar than hexanal that is formed
from n-6 fatty acids (n-6 peroxides). Therefore3 peroxides may be present more in the
agueous phase or the oil/water interface than rexdes where EDTA is present.
Therefore, co-localisation of EDTA and n-3 perosideould be a reason of EDTA’s
efficiency on prevention of formation of n-3 perdes. Other reason could be, more
sensitivity of n-3 PUFA peroxides (because of hgwimore high number of double bonds) to
metal catalysed degradation (Jacobsen et al., 2008)

When EDTA was added to fish oil mayonnaise the l@topize, decreased but EDTA
strongly inhibited oxidation. This result indicatdthat only when oxidation is catalysed by
iron stemming from egg yolk compounds (phosvitinih@ oil water interface the droplet size
is important otherwise a decrease in the oil drtoplee did not promote oxidation rate

(Jacobsen, Hartvigsen, Thomsen, et al., 2001).
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Propyl gallate

Propyl gallate is an ester of gallic acid. Duetsoalkyl chain, it is less polar than gallic acid.
It is widely used as antioxidant in food industBrevious studies suggested that propyl
gallate was one of the two best phenolic antioxislam mackerel muscle system (Kelleher,
Silva, Hultin, & Wilhelm, 1992). Jafar et al. (199decided to use propyl gallate in fish oil
mayonnaise as the free radical scavenger (propagatiibitor) in the oil phase. They used
the mixture of citric acid or sodium citrate anapyl gallate in the oil phase, and EDTA and
ascorbic acid in the agueous phase and suggestethth mixture could increase the shelf
life of fish oil mayonnaise without antioxidantpfin 1 day to an average of 49 days at room
temperature as judged by sensory evaluation. Ithanstudy, Jacobsen, Hartvigsen, Lund,
Meyer, Adler-Nissen, Holstborg, and Hglmer (199%péoyed two different types of
commercial propyl gallate mixtures (oil soluble i{@ox 370) and water dispersible
(Grindox 413)) in fish oil mayonnaise. Propyl g&dlanot only increased the fishy and rancid
off-flavour but also affected rheological charaties of mayonnaise. Mayonnaise
containing propyl gallate was less viscous, hadydrgiroplets and a lower gel strength. In
addition, propyl gallate slightly increased the gede value of mayonnaise so it could be
concluded that propyl gallate had a pro-oxidareetffn mayonnaise. Pro-oxidative property
of propyl gallate (polar antioxidant) could be dodts presence at the interface where it can
interact with metal ions (B8 in the egg yolk and its ability to alter the stural properties

of the system (Jacobsen, Schwarz, et al., 199%rder to confirm that if propyl gallate was
a pro-oxidant in mayonnaise and omit the effedtypé of oil Jacobsen et al. (2003) decided
to use propyl gallate in mayonnaise with specifiagured lipid (SL) from sunflower oil and
caprylic acid . The results from this study weregood accordance with previous studies on
fish oil mayonnaise. Mayonnaises had higher amoahtecondary oxidation products and

volatile compounds. Therefore, it can be concluthatl propyl gallate was a pro-oxidant.
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Natural antioxidants used in mayonnaise

Because of synthetic antioxidants’ chemical stghiliow cost and availability they are
universally applicable. However, some studies qoestl their safety due to their potential
risk. Nowadays consumers are more concerned abmutsafety of preservatives and
additives. Therefore, there is a growing trendansumer preferences toward clean labelling.
All of these motivated food industries to exploegural sources of antioxidants.

Gallic acid

Gallic acid is a plant phenolic acid. Antioxidardtigity of phenolic acids is generally by
trapping free radicals. Mayonnaise is a hetrophdemd system, in such a system
antioxidants may partition into different phasesnayonnaise, 80% of gallic acid —a polar
antioxidant- is partitioned in the aqueous phase209 of it is distributed in the interface
(Jacobsen, Schwarz, Stockmann, Meyer, & Adler-Miss999). In a study on fish oil
mayonnaise, addition of gallic acid, caused theease in the intensity of fishy, rancid and
metallic off-flavour due to a faster decompositiminhydroperoxides (Jacobsen, Hartvigsen,
Thomsen, et al., 2001). It is hypothesised that 20%allic acid was located at the oil-water
interface (Jacobsen, Schwarz, et al., 1999) arit g&id can reduce metal ions and therefore
it may interact with metal ions from phosvitin &etoil-water interface. Nevertheless, gallic
acid slightly decreased droplet size that couldrease the rate of lipid peroxide
decompositions in mayonnaise. In conclusion, gata showed a pro-oxidant activity in
mayonnaise because of its ability to reduce meta io their more active form e.g.’Feo
Fe* (Jacobsen, Hartvigsen, Thomsen, et al., 2001; 3acplHorn, Serensen, Farvin, &
Nielsen, 2014).

Ascorbic acid

18



436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

Ascorbic acid is a natural water-soluble antioxiddihmainly exerts its antioxidative effect
by terminating chain radical reactions via electi@amsfer (Gulgin, 2012) but may also act as
an Q scavenger (Pongracz & Klaui, 1981). Ascorbic asicconsidered as a pro-oxidant
because it can catalyse the breakdown of alreasyirax lipid hydroperoxides (LOOH) via
reduction of F& to F&* (Frankel, 2005). As already mentioned in previsestion on propyl
gallate, Jafar et al. (1994) employed a mixturamtioxidants (citric acid or sodium citrate
and propyl gallate in the oil phase and EDTA antbdsic acid in the agueous phase) which
increased the shelf life of mayonnaise without@atiant, from 1 day to an average of 49
days at room temperature. In this mixture of antiarts, ascorbic acid functioned as the free
radical acceptor and perhaps as reducing agentetdawaddition of ascorbic acid to fish oil
mayonnaise developed the formation of strong metdishy and rancid off-flavours in fish
oil mayonnaise and acted as a pro-oxidant. Thensitte of off-flavours was dependent on
ascorbic acid concentration (Hsieh & Regenstei®li9acobsen, Adler-Nissen, et al., 1999;
Jacobsen, Timm, et al., 2001). When ascorbic agicddded to the aqueous phase of
mayonnaise, it can reduce’Fé F€*, which is more active as an oxidatioatalyst. This
may happen even at high pH {Fi&s bound to phosvitin) or at low pH (iron ions anere
accessible, F§, are liberated from egg yolk). Hence, ascorbicl aticelerates and promotes
oxidation in fish oil mayonnaise (Jacobsen, Timtrgle 2001).

Tocopherol

Tocopherols are the best known and most widely asgxidants (Pokorny, 1987). They
have four isomersa( B, y andd). Tocopherols act as primary antioxidants by diogathe
hydrogen of the hydroxyl group to the lipid peroxgtical. Also they are efficient singlet O
scavengergBurton & Ingold, 1981)They can react with hydroperoxyl radicals and ajkox
free radicals formed by the metal-catalysed decaitipa of hydroperoxides (Burton &

Ingold, 1981; Huang, Frankel, & German, 1994). layonnaise, antioxidative effect of
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tocopherols was dependent on whether it was wétendox 1032) or oil (Toco 70) soluble
complex and also on its concentration (JacobseferAtissen, et al., 2000). Water soluble
tocopherol resulted in the highest antioxidativieaf against both peroxides and volatiles
formation, reduced the formation of rancid and igtif-flavours and increased oil droplet
sizes and gel strength compared to oil solublepgbeml in fish oil mayonnaise. However, oll
soluble tocopherol (Toco 70) at high concentratishewed pro-oxidative effects on fishy
odour and flavour. The antioxidative propertiesvater-soluble tocopherol may be due to its
ability to decrease the total interfacial area higher gel strength (Jacobsen, Adler-Nissen,
et al., 2000). To get a better insight into theeetffof tocopherol on oxidation in mayonnaise
Jacobsen, Hartvigsen, Lund, et al. (2001) studiedetffect of tocopherol concentration on
oxidation. Surprisingly their results were in c@sir to their previous study. They found out
that Grindox 1032 showed pro-oxidative effect igthconcentrations (more than 700 mg/kg,
corresponding to 140 mg/kg tocopherol) and in loenaentration, showed a week
antioxidative effect. They indicated that the diffiet effects of low concentration of Grindox
1032 and Toco 70 on the formation of volatiles donbt be due to differences in droplet
size. They suggested that the droplet size couldnfheenced by parameters other than
antioxidant addition e.g., small differences in gassing conditions. A significant pro-
oxidant effect of Grindox 1032 was seen when miaam {700 mg/kg Grindox (corresponding
to 140 mg/kg tocopherol) was added to mayonnaikerefore, it could be concluded that
addition of more than 740 mg/kg total tocopherot hao-oxidative effect. To sum up
addition of tocopherol to fish oil mayonnaise it a@ood choice of antioxidant. That may be
because of it lacks the ability to prevent the ineditalysed decomposition of peroxides.
Rosemary

Recently a lot of attention has been employed amgusatural antioxidants of plant extracts.

Phenolic compounds that act as natural antioxidargswidely distributed in plant tissues
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like rosemary. The most effective antioxidant cdosenhts of rosemary are phenolic
diterpenes carnosic acid and carnosol. Carnosit la&s several times more antioxidative
activity than phenolic synthetic antioxidants |BeIT and BHA (Richheimer, Bernart, King,
Kent, & Beiley, 1996). Carnosic acid and carnosamh chelate iron and scavenge peroxyl
radical in lipid-based systems (Aruoma, Halliwédleschbach, & Ldligers, 1992). However,
few studies have been carried out on utilising megy as an antioxidant in mayonnaise.
Addition of rosemary extract to sunflower oil mayaise decreased the level of volatile
compounds formed from photooxidation in the headspdagunessalvez et al., 2002).
Rosemary extracts could have a chelating effecsunflower oil mayonnaise. Also, the
antioxidative effect of dried rosemary at a concaian of 1% was studied in fish oil
enriched tuna salad (Sgrensen, Nielsen, & Jacol&¥). Although rosemary inhibited
formation of peroxide and showed antioxidative @ffehe taste introduced to the product
might be undesirable in tuna salad (Sgrensen, &fiet& Jacobsen, 2010).

Lactoferrin

Lactoferrin is a milk glycoprotein occurring natllyain numerous bodily secretions,
including milk, tears, mucus, blood, and salivactb&errin is also the main iron-bearing
protein in cow’s milk, and it is able to bind twa’F in cooperation with two HCDions
when fully saturated (Nielsen et al., 2008ynthetic chelating agents like EDTA could be
replaced by lactoferrin, which is a natural compburith a metal chelating property. So
studies have been done on the possibility of ukoctpferrin in mayonnaise as a chelating
agent (Jacobsen et al., 2003; Nielsen et al., 20043 study on structured lipid (SL) from
sunflower oil mayonnaise, 10 um of lactoferrin wased as an antioxidant. This study
showed that lactoferrin at this concentration didl show any antioxidative effect (Jacobsen
et al., 2003). Jacobson et al. (2003) suggestddhbarotein may become denatured at the

low pH (pH of mayonnaise was 4.0) and lose itsitghib chelate iron. However, only one
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concentration of lactoferrin was tested in SL mayase and other concentrations should be
tested. Therefore, in another study the antioxigagiffect of lactoferrin (8-32 uM) in fish oil
mayonnaise (16% fish oil, 64% rapeseed oil) wadistl(Nielsen et al., 2004). Lactoferrin
exhibited a concentration dependent protectivecefié worked optimally as an antioxidant
at a concentration of 8 um while it appeared toehgvro-oxidative effect at high
concentrations. The pro-oxidant effect of lactaferat high concentrations has been
speculated to be a result of a change in confoamatf lactoferrin when it is at the oil/water
interface so metal ions are bound at other sitas tts metal chelating sites. This binding
brings the metal ions in contact with the lipid aedults in pro-oxidant effect of lactoferrin
(Nagasako, Saito, Tamura, Shimamura, & Tomita, 188&sen et al., 2004). In conclusion,
lactoferrin appeared to have a slightly antioxmateffect in concentrations of 8-12 um and
was a pro-oxidant at higher concentrations.

Phytic acid

Natural metal chelating substances are presemodsf especially in plant materials. Phytic
acid is in the group of natural chelating agentsod-industry and consumers prefer to use
natural compounds instead of synthetic ones sostu@dy Nielsen et al. (2004) tried to use
phytic acid in fish oil mayonnaise (16% fish o0i4% rapeseed oil). However, they found no
antioxidative effect of phytic acid in mayonnaitacking antioxidative effect of phytic acid
could be due to several reasons: 1. the low pH afamnaise that may affect the ability of
the phosphoric groups in phytic acid to bind thsifnely charged Fe ions and 2. a very low
formation of the Fe-phytic acid complex. From theilble data on phytic acid as an
antioxidant in mayonnaise, the efficacy of phytdaas an antioxidant cannot be concluded
so further investigation is needed.

Mustard
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535 Mustard is a nutritious food compound (Fahey, Zaom & Talalay, 2001). The
536 characteristic flavour of mayonnaise is principdigsed on mustard (Depree & Savage,
537 2001). The flavour of mustard derives from a graafpisothiocyanates especially allyl
538 isothiocynate that are volatile sulphur compourfesn(vick, Heaney, Mullin, & VanEtten,
539 1982). They are soluble in oil and slightly solulsievater. In mayonnaise, flavour molecules
540 based on their solubility, partition between oidasmqueous phases. Mustard can act as an
541  emulsifying agent in mayonnaise and stabilise thalsion (Harrison & Cunningham, 1985).
542 The mustard seed contains natural antioxidants.aniexidant activity of mustard seed in
543  oil/water emulsions has been studied (McCarthy,rgeKerry, Lynch, & Buckley, 2001,
544  Shahidi, Wanasundara, & Amarowicz, 1994). As megetthe need of using natural
545 antioxidant is important, researchers decided talystthe efficacy of mustard as an
546 antioxidant in mayonnaise (Lagur@slvez et al., 2002; Milani, Mizani, Ghavami, &
547  Eshratabadi, 2013). In a study on Dijon mayonnaisele with sunflower oil and mustard
548 paste, mayonnaises could be stored for 10 monthdosed jars while in mayonnaises
549  without mustard, the oxidation rate was higher amate conjugated dienes were produced.
550  So the protective role of mustard against oxidatromayonnaise can be concluded from this
551 study (Lagunessalvez et al.,, 2002). Also in another study theedffof different
552  concentrations of yellow powder and paste mustardamcidity and sensory properties of
553 mayonnaise has been studied (Milani et al., 20I8)eliminate the adverse properties of
554 mustard on mayonnaise such as changes in colouflamir and also to improve sensory
555  properties of mayonnaise they compared the useustard paste, which is made by heating
556 treatments, and inactivation of myrosine enzymedwder mustard. Yellow mustard paste
557 and powder showed antioxidative effect and thetroaidative activity was concentration

558 dependent. Using mustard paste improved sensopepies of mayonnaise by decreasing
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the pungent flavour also; it made the use of highcentrations of mustard paste (0.75%-
1.5%) possible.

Fenugreek extract

Fenugreek Trigonella foenumgraecumis a food ingredient that is used traditionatiythe
Far East. It is recognised as a possible sourasatfral antioxidant. The effectiveness of
fenugreek extracts in inhibiting/minimizing lipidxiolation in comparison with synthetic
antioxidant (TBHQ and BHT) has been studied in nmagose (Mostafa, 2003). This study
stated that fenugreek extracts at 500 mg/kg in magise showed the same antioxidant
effect as TBHQ (200 mg/kg) but was more effectivent BHT (200 mg/kg). Although high
concentration of fenugreek (1500 mg/kg) was mofectéffe than synthetic antioxidants, it
had a diverse effect on sensory characteristicsnajonnaise. So based on this study
fenugreek at 500 mg/kg can be used as a naturakal@nt in mayonnaise but further studies
on fenugreek are essential.

Black glutinous rice

Black glutinous rice is generally used as an ingretdin snacks and desserts. It contains high
amounts of phenolic compounds especially anthoogaimi pericarp that has the antioxidant
ability and radical scavenging (Hu, Zawistowskindij & Kitts, 2003; Ichikawa et al., 2001).
Optimum condition of solvent extraction of blackughous rice crude extract and its
application in fish oil mayonnaise was studied @mnvong & Tewaruth, 2010). The highest
antioxidant activity was obtained when extractedcéwwith 70:30 acetone-water mixture
(v/v) at pH 6.8 for 4 hours of total extraction &m 1000 mg/kg crude extract could
efficiently increase oxidative stability of mayomses. Phenolic compounds in black
glutinous rice can retard oxidation with three nmesubms: 1. chain breaking, 2.
hydroperoxide destroying and 3. metal chelatingpite of good antioxidative ability of high

concentrations of crude extract, greater colouerittation could be seen. The reasons for
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the colour changes in mayonnaise might be a result. maillard reaction and 2. oxidative
degradation of anthocyanin to undesirable browiow@d products.

Lycopene

Lycopene is a natural food colorant. It is incogied in dairy beverages, powdered
beverages, dairy foods, surimi, confectionery, bakéreakfast cereals, nutritional bars,
soups, meal replacement, sauces, salsas, pasias, siacks, dips and spreads. Lycopene
crystals from tomato waste skin (50 mg/kg) wereduse mayonnaise and its effect on
oxidative stability of mayonnaise was studied dgrgtorage for four months (Kaur, Wani,
Singh, & Sogi, 2011). Lycopene slowed down the tgwaent of off-flavour, off-odours,
and colour changes and acted as an antioxidanhteyrupting the chain of free radicals
involved in auto-oxidation. Also, sensory analys®wed that lycopene-treated mayonnaises
had good consumer acceptability.

Ginger powder

Ginger contains polyphenol compounds (6-gingeral &s derivatives), which have a high
antioxidant activity (Chen, Kuo, Wu, & Ho, 1986ké¢i TBHQ, BHA and BHT. Water ginger
extract is a strong radical scavenger (Y. F. Ki&kl Sheshetawy, 2010). The role of ginger
powder on oxidative stability of mayonnaise has nbdavestigated (Y. Kishk &
Elsheshetawy, 2013). This study showed that gipgevder at concentrations of 1.0% and
1.25% reduced the production of primary and seacgndaidation products (measured by
anisidine value) and subsequently retarded oxidgbiwcess during storage for 20 weeks.
The rheological properties of mayonnaise were mdtuénced by ginger powder at
concentrations mentioned above. Interestingly, gingowder improved the taste, flavour,
mouth feel, and overall acceptability of mayonnaasezero time, and after 20 weeks the
overall acceptability of mayonnaise samples at eotration of 1.0% and 1.25% was

improved.
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Grape seed extract

Grape seed is a by-product from wine productiont tltantains catechin and
proanthocyanidins. It has radical scavenging artohadative properties. The potential use
of grape seed extract on the oxidative stabilitg aansory properties of mayonnaise during
storage for 8 weeks has been studied (Altunkayd. e2013). High concentrations of grape
seed extract (0.15%) showed a very good antioxidafictivity. However, mayonnaises
without grape seed extract had a higher sensocegmability. On the other hand high
concentrations of grape seed, extracts increaseotogical risk. Therefore, 0.50 mg/ml did
not establish toxicological health and improveddative stability with acceptable sensory
properties.

Essential oils extracted from Zenyan

Carum copticunis an annual herbaceous plant that grows in thieoésdia, Iran and Egypt.
Its fruits (generally known as “Zenyan” in Iran)veabeen used extensively in Iranian folk
and traditional medicine (Goudarzi, Saharkhiz, 8at& Zomorodian, 2010). The potential
antioxidative ability of essential oils from Zenyanmayonnaise has been studied. Also the
differences between the antioxidative activity wotdifferent extraction methods (ohmic
assisted hydro distillation and conventional hydistillation) were compared (Mazaheri
Tehrani, 2013). The results from this study showet the antioxidant activity of Zenyan
essential oils was independent on extraction methétbwever, they suggested ohmic
assisted hydro distillation method for extractionessential oils was more efficient than
traditional hydro distillation method as in this timed more time and energy will be saved.
All concentration of essential oils (0.015%, 0.03%e 0.045%) showed antioxidant activity,
against DPPH free radicals, in mayonnaise. Thepgmed that BHA and BHT (synthetic
antioxidants used in mayonnaise) could be replaegdhigh concentration of Zenyan

essential oils. Antioxidative property of Zenyarsestial oils mainly is dependent on its
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thymol content. Thymol is a main component of eBakroils and acts as a primary
antioxidant by delaying or preventing the initiaticand propagation step (Hashemi,
Niakousari, & Saharkhiz, 2011). The colour of mayaises was not influenced by addition
of Zenyan essential oils. However, the odour of ommgaises with and without Zenyan was
significantly different. Whereas, in the case oéfprence test there were no differences
between all represented samples (Mazaheri Telz@hg).

Chitosan

The antioxidant activity of chitosan derivativesshzeen reported in several studies but few
studies have been done on real foodstuff. Antioxidactivity of chitosan with different
molecular weighs was evaluated in mayonnaise (@aRilva, & Casariego, 2014). This
study indicated that addition of chitosan not ordyarded lipid oxidation of mayonnaises
during 63 days of accelerated storage but alsodugal organoleptic properties (odour and
taste). Mayonnaises treated with chitosan with ligger molecular weight showed better
stability during accelerated storage at all temipees.

Tansy extracts

Tansy (Tanacetum vulgare L., Asteraceae) is an afomplant spread mainly in the northern
hemisphere in Europe, Asia and North America. h$i-iaflammatory, antibactericidal,
antifungicidal, insects’ repellent and antioxidatactivities is reported. Tansy acetone extract
at higher concentrations could inhibit oxidationrapeseed oil (Pukalskas & Venskutonis,
2000). The oxidative stability of mayonnaise treatgth tenacy extract was studied. This
study showed that all tansy extracts improved diwida stability of mayonnaise
(Baranauskiety Kazernawuiuté, Pukalskie, Mazdzierieg, & Venskutonis, 2014).

Clove

Cloves (Syzygium aromaticum Linn) are aromatic difiewer buds of the family Myrtaceae.

Generally, clove extracts are used as biopresgestin preventing food spoilage by
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pathogenic contaminants. The potential applicatibaugenol-lean fraction of clove buds as
a flavouring agent (replacing mustard in the cagésimulation) and as a natural antioxidant
in mayonnaise was studied (Chatterjee & Bhattaebkar014). Mayonnaise incorporated
with eugenol-lean clove extract was found to belattve stable beyond 6 months. Also had
better physical properties such as higher colotensity, lower thermal and nonthermal
creaming, homogenous and compact microstructure higther consistency index.
Organoleptically, addition of eugenol-lean clovérast did not cause any significant changes
in body and consistency of all the mayonnaise sasapl

Anthocyanin extracted from purple corn husk

Purple corn cobs, purple sweet potatoes and bluebeare usually the main source of
anthocyanins employed as food colorant in commlepmeduction (Kahkénen, Hopia, &
Heinonen, 2001). Anthocyanins possess strong ad#tok capacity because they have free
radical scavenging (Espin, Soler-Rivas, Wichers,Gércia-Viguera, 2000) and metal-
chelating properties (Nam et al., 2006). Purplendmusk has 10 times more anthocyanins
than other plant sources of anthocyanins (Li et 2008). The feasibility of the use of
anthocyanins extracted from purple corn husk ekt(RE€HE) as a natural antioxidant in
comparison with the synthetic antioxidants (BHT &MITA) was studied (Li et al., 2014).
Addition of PCHE reduced the amount of both primand secondary oxidation products.
The antioxidative activity of PCHE was concentratidependent and the mayonnaise
containing 0.4 g/kg PCHE showed the strongest =ididive performance during storage.
This study proposed that PCHE could be used asuaah@antioxidant in mayonnaise instead
of synthetic antioxidants like BHT and EDTA. Thitudy considered the colour difference
(mayonnaises with PCHE had purplish colour) assatipe point and related it to the sign of
natural antioxidant in consumers’ food (Figure 2).

Seaweed
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Plants and marine algae can be used as a souncatwhl antioxidants. Not only these
antioxidants show potential for improving oxidatisgbility of food but also they have a
broad array of health-promoting benefits (Hataalet 2001; Kim et al., 2009). Seaweed
contains different tocopherols, amino acids, sulgthapolysaccharides, mono- and
polyphenols, and bioactive compounds (Honold et2415). Seaweed extracts frdfmcus
vesiculosuss a potential antioxidamtas used in mayonnaise (Hermund et al., 2015; Hnol
et al., 2015)Fucus vesiculosuss rich in polyphenols that can act as free radscalvengers
and metal chelators. Hermund et al. (2015) evalu#te antioxidant properties of water
extract (WE) and an ethyl acetate fraction (EAF)Foicus vesiculosuand studied their
efficacy to inhibit lipid oxidation in fish oil maynnaise2 g/kg of WE was more efficient in
lowering the formation of primary oxidation prodsicand secondary oxidation products
however, EAF was more efficient in decreasing tlegrddation of the n-3 PUFA. The
effectiveness of EAF and WE was concentration déaei It was shown that the antioxidant
effectiveness of EAF and WE was related to highttgihenolic content, high-radical
scavenging activity, moderate- or high-metal che¢ptibility and high-carotenoid content in
the extract. In another study, the antioxidant props of four extracts (ethanol (EtE),
acetone (AcE), and water extracts (WE)) frbocus vesiculosus fish oil mayonnaise was
studied (Honold et al., 2015). Ethanol and acetexteacts had higher antioxidant efficacy
compared to water extracts. In this study, the eotration dependency of antioxidant
efficacy was observed too. Same as Hermund et2805) study, Honold et al. (2015)
indicated the relation between the high-total phiencontent and high-radical scavenging
activity with antioxidant efficacy but also they ipted out the location of phenolic
compounds at the interface of oil droplets and matenayonnaise.

Glucose oxidase (GOX)
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Glucose oxidase is an enzyme that acts as a nantialkidant in food products. Glucose
oxidase can be isolated and purified from the méwdgergillus nigeWhitaker, 1993). It is
tightly bound to the mycelium so it is difficult teeparate it from enzyme catalase (CAT)
(Crueger & Crueger, 1990). Hence, in food grade@anation of glucose oxidase it is usually
coupled with catalyse. GOX/CAT has the ability tagenge molecular oxygen by catalysing
the reaction of converting two moles of glucose and mole of molecular oxygen to two
moles ofd-gluconolactone which spontaneously hydrolysesltecanic acid and hydrogen
peroxide that can be removed by catalase (Cruedeéru&ger, 1990; Frankel, 2005). Glucose
oxidase has been utilised as an antioxidant ireidifit mayonnaise systems. In mayonnaise
containing 790 g/kg soy oil, 450 U/Kg of GOX couttard off-flavour, off-odour and rancid
taste in dark at 20 °C (Skrede, R@tbotten, & Baettds1991). In fish oil mayonnaise
GOX/CAT system acted as an oxygen scavenger aidnged the shelf life of the product
at refrigerator temperature but at room temperatianayonnaise with and without glucose
oxidase showed no detectable differences (Jafat.,e1994). To see if the enzyme system
was active at room and refrigerator temperature ndjyet a better understanding of
GOX/CAT activity in mayonnaise Isaksen and Adles$éin (1997) investigated the effect of
GOX/CAT system in fish oil mayonnaise and soybednnmayonnaise. They found that
GOX/CAT system retarded lipid oxidation at 5 °C &%l °C. As they expected GOX/CAT
scavenged oxygen in the packages under the consumgdtglucose. Although GOX/CAT
could retard lipid oxidation, using it as antioxii@ mayonnaise cannot be practical because
of formation of off-flavour in both mayonnaises5atC and 25 °C. So in order to solve this

problem further investigation is needed.
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Factor s affecting the activity of antioxidants

Polar paradox and cut off theory

The effectiveness of an antioxidant in oil/watenssion is highly affected by its partitioning
properties and its ability to be located in theimmment where lipid oxidation takes place
that could be at the interface between the oil water phases (Coupland & McClements,
1996). Mayonnaise is a heterophasic food systeripxdants may partition into at least
three different phases, the aqueous phase, thghade and the interface between oil and
water phase (Jacobsen, Schwarz, et al., 1999).alyommaise lipophilic antioxidants like
tocopherol are located in the oil phase while tlrarpolar antioxidants such as gallic acid
(80% of gallic acid) are concentrated in the aggepliase but a significant proportion of
them distributed into interface (20% of gallic gc{dacobsen, Schwarz, et al., 1999). The
relationship between antioxidant partitioning antiaxidant efficacy is also called “the polar
paradox” (Figure 3)Frankel, Huang, Kanner, & German, 1994; Laguetrale 2013).
According to the so-called “polar paradox” theopglar antioxidants would be more
effective than their nonpolar analogues in bulk wihereas nonpolar antioxidants would be
more effective in oil in water emulsion than thealar counterparts would. Gallic acid which
is a polar antioxidant was added in mayonnaiseofken, Hartvigsen, Thomsen, et al.,
2001). Gallic acid showed a poor antioxidative effend these results were in accordance
with the theory of polar paradox that the efficamly polar antioxidants in oil in water
emulsion is poor (Jacobsen, Hartvigsen, Thomseal, ,€2001). To get more insights into the
efficacy of the polar paradox theory in mayonnaesearchers tried two pairs of homologue
antioxidants (ascorbic acid/ascorbyl palmitate aadlic acid/propyl gallate) in fish oil
enriched mayonnaise (Jacobsen, Hartvigsen, €139; Jacobsen, Hartvigsen, Thomsen, et
al., 2001; Jacobsen et al., 2008). In these stusligprisingly all employed compounds acted

as pro-oxidants and the antioxidant activity did moprove with increased lipophilicity.
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From these reports authors concluded that in muofe momplex systems like mayonnaise,
in which iron stemming from the egg yolk catalydgsd oxidation and many different
molecules can affect antioxidant activity polargmox theory cannot predict the antioxidant
efficacy.

Moreover there is another theory called “cut offiat shows the nonlinear influence of
hydrophobicity on antioxidant capacity (Laguerre @&k, 2013). Lipophilization of
antioxidants can improve antioxidant efficacy. Hoew there are not many studies on their
effectiveness in real food systems such as maysanAieman et al. (2015) investigated the
antioxidant effect of caffeic and its esters (cafés C1-C18) in fish oil mayonnaise. Both
caffeic acid and caffeates had antioxidative effedish oil mayonnaise. The caffeates with
short to medium alkyl chain (butyl, octyl and dog¢avere the most effective antioxidants.
Whereas, the increase in alkyl chain caused aps#lan the antioxidant capacity of esterified
phenolic compounds. This phenomenon can be expldipehe cut off theory. The caffeates
retarded the formation of both primary and secopdaxidation products in fish oil

mayonnaise.

Conclusion and future per spectives

This review has highlighted the important factoifeaing lipid oxidation in mayonnaise. A
general conclusion is that we can reduce oxidatiomayonnaise by cutting of the factors
that reduce the induction period and accelerateidap such as lowering the storage
temperature, reducing oxygen concentration in fo@Voiding intensive lighting,
manipulating chemical structure of the oil and ptgisproperties of mayonnaise. In addition,
one of the promising ways of retarding oxidatiormayonnaise could be using antioxidants.
As people are more concerned about their healtfe tisea worldwide trend toward using
natural antioxidants in food products. After reviegv the literature about using natural

antioxidants in mayonnaise, it can be concluded thaould be possible to design a
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mayonnaise with greater oxidative stability, bylagmg synthetic antioxidants with natural
ones. However, as mayonnaise contains a varietjiffefrent components still there is a
scarcity of knowledge on the influence of these ponents on the efficacy of natural
antioxidant activity. Further elucidation of the chanism of oxidation in mayonnaise and a
better understanding of antioxidant efficacy woblave a great technological importance.
The importance of interfacial characteristic ofdibplets has been already demonstrated but
using new strategies for retarding lipid oxidatlmnmanipulating the interfacial properties of
oil droplet in mayonnaise is missing. The challengeusing natural antioxidants in
mayonnaise is to obtain a product with good sengooperties and satisfactory shelf-life
hence further studies of the influence of naturdioxidant on the sensory properties of
mayonnaise are required. After gathering infornmatmn using natural antioxidants in
mayonnaise we came to a conclusion that in futubeenstudies should be done on issues
like: elucidating the mechanism of oxidation in roagaise in order to find the best
antioxidant, more studies on the factors affecimgioxidant efficacy in mayonnaise like
systems, manipulating interfacial area of oil intevaemulsion droplets to decrease rate of
oxidation, finding more sources of natural anti@axits and finally working on how to obtain
the best sensory properties with using naturabarmants. In our laboratory we currently are
working on elucidating process of oxidation in mayaise stored at different temperatures
and finding new sources of natural antioxidantsaapotential alternatives of synthetic

antioxidant.
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Table 1. Summary of the use of natural and syrtlatiioxidants in mayonnaise

Fish oil mayonnaise (70%) TBHQ (0.02%)

TBHQ (0.08%)

Fish oil mayonnaise (70%) _ _
Ascorbic Acid (0.5%)

_ _ Glucose oxidase (GOX)
Soy oil mayonnaise (790 g/k _
(450 units per kg (U/kg),

soy oil
y ol 200 U/kg)

Fish oil mayonnaise

Soy oil mayonnaise TBHQ (0.08%)

Corn oil mayonnaise

There were few signs of oxidation in tl
deodorized and stabilized fish oil mayonna (Y.-T. L. Hsieh, 1990)
at 2 °C and 14 weeks of storage.

TBHQ was a successful antioxidant for fish _
_ \ _ _ _ (Y. T.Hsieh &
oil mayonnaise while ascorbic acid had pro- )
_ o _ _ Regenstein, 1991)
oxidant effect in fish oil mayonnaise

450 U/Kg of GOX could retard rancid tas:
off-flavour and off-odour developments
mayonnaise stored in dark at 20 °C for
(Skrede et al., 1991)

months, whereas 200 U/Kg of GOX could r
prevent deterioration of the organolep
quality.
In fish oil mayonnaise TBHQ was effective at _

_ _ _ ~(Y.-T. L. Hsieh &
early storage times in lengthening the period

I L Regenstein, 1992)
before oxidation was initiated.




Propyl gallate, citric acid,
EDTA, BHT, BHA,
ascorbic acid,
_ _ _ carboxymethylcellulose,
Fish oil mayonnaise (menhad _ _
T . _sodium tripolyphosphate,

and capelin oils, 100% fish oil) o _
lecithin, superoxide
dismutase, catalase, and

GOX/CAT.

Antioxidant system:
Fish oil mayonnaise (16% fishascorbic acid, lecithin and
oil) gamma tocopherol (A/L/T)

(4 g/kg mayonnaise)

GOX/CAT had a significant effect o

reduction of the development of off-odo

when mayonnaise was stored at refriger:
temperature, but at room temperature,
enzymes were not effective.
o _ _ _ (Jafar et al., 1994)
Citric acid or sodium citrate and prop
gallate in the oil phase and EDTA a
ascorbic acid in the aqueous phase
increased the shelf-life to an average of
days at room temperature
Addition of A/L/T system resulted in strong
_ . ~ (Meyer & Jacobsen,
fishy and rancid off-flavours of mayonnals%996

despite low peroxide and anisidine values.




Fish oil mayonnaise (0, 0.25 ai

0.50 of the vegetable oil we

The enzyme system of GOX/CAT cou

~ Glucose  oxidase/catala:

substituted by  fish
corresponding to contents of
200 and 400 g/kg)

Soybean oil mayonnaise

oil)

oi
(GOX/CAT) (0, 400 anc

reduce lipid oxidation in mayonnaise bc (Isaksen & Adler-

800 units/kg) sored at 25 °C and 5 °C in soybean oil ¢ Nissen, 1997)
units

J fish oil mayonnaise.

Propyl gallate, oil soluble

Fish oil mayonnaise (16% fish(Grindox 370) and Propyl _ (Jacobsen, Hartvigsen
_ _ propyl gallate was a weak pro-oxidant.
gallate, water dispersible et al., 1999)
(Grindox 413)

Fish oil mayonnaise (16% fis
oil)

Fish oil mayonnaise (16% fish

oil)

o Ascorbic acid increased the formation of fis (Jacobsen, Adler-
ascorbic acid (0-800 mg/kg . _ _
off-flavours in fresh mayonnaise. Nissen, et al., 1999)

a-, f-, andy-tocopherol and

six polar antioxidants o N _ _
_ ) ~Antioxidants partitioned in accordance with(Jacobsen, Schwarz, €
(trolox, ferulic acid, caffeic ) _ )
. ~ their chemical structure and polarity. al., 1999)
acid, propyl gallate, gallic

acid, and catechin)

't




Product

Antioxidant/pro-oxidant

(Concentration)

Results Reference

Fish oil mayonnaise (16% fis

oil)

A/L/T, and two commercial
mixtures of tocopherol, an
oil-soluble (Toco 70)
preparation and a water-
soluble (Grindox 1032)

Fish oil mayonnaise (16% fishEDTA (0, 50, 75, 125, and

oil)

Fish oil mayonnaise (16% fis

oil)

200 mg/qg)

EDTA (0 and 75 mg/kg)

Addition of A/L/T system caused tfF

immediate formation of distinct fishy ar

rancid off-flavours in the fresh mayonnaise:

Addition of Toco 70 did not affect the sensc

perception of mayonnaise nor

development of volatile off-flavou (Jacobsen, Adler-
compounds, but the peroxide values w Nissen, et al., 2000)
slightly increased as compared to the ot

mayonnaises.

Mayonnaise with Grindox 1032 seemed

have fewer fishy and rancid off-flavours th

mayonnaises without antioxidant.

EDTA (down to 50 mg/g) efficiently delayed(Thomsen, Jacobsen,

oxidation in fish oil enriched mayonnaise. al., 2000)

o o Thomsen et al., 2000
A significant antioxidative effect of EDT/ _
o _ (Thomsen, Kristensen,
for lipid samples from mayonnaise was nott
et al., 2000)

et




ACCEPTED MANUSCRIPT

Water-dispersible

tocopherol preparation,

: : _ ~ Grindox 1032 (20-280
Fish oil mayonnaise (16% fish

oil) mo/ko)
Oil-soluble tocopherol
preparation, Toco 70 (20—
280 mg/kg)

Fish oil mayonnaise (16% fis Ascorbic acid (0-4000
oil) mg/kg)

Fish oil mayonnaise (16% fishGallic acid (200 mg/kg)
oil) EDTA (200 mg/kg)

Addition of tocopherol to a mayonnaise that _
(Jacobsen, Hartvigsen
(600g/q)

already contained tocopherol
_ _ o Lund, et al., 2001)
either had no effect or increased oxidation.

Ascorbic acid promoted formation of volati _

o (Jacobsen, Timm, et al
oxidation compounds and reduced i
: . : 2001)
peroxide value in mayonnaises.

EDTA was an efficient antioxidant in fish oil _
. . _ _ (Jacobsen, Hartvigsen,
enriched mayonnaise but gallic acid was a
o Thomsen, et al., 2001)
poor antioxidant.




Antioxidant/pro-oxidant
Product
(Concentration)

Results Reference

EDTA (0.004%)
Dijon mayonnaise Rosemary extracts (0.03%)
Mustard (5%)

_ __lactoferrin, (800 mg/kg ~ 10
Mayonnaise based on specific

structured lipid (SL) fromH
Propyl gallate, (200 mg/kg)

EDTA, (75 mg/kg)

TBHQ (200 mg/kg)

BHT (200 mg/kg)

Fenugreek extract (FE)

(500, 1000, 1500 mg/kg)

_ . _ ~Lactoferrin (8-32 uM),

Fish oil mayonnaise (16% fish _ _

Phytic acid (16-124 uM)

oil, 64% rapeseed oil, 80% fat)
EDTA (16-64 pM)

sunflower oil and caprylic acid

Mayonnaise

Addition of antioxidant (rosemary extract a

EDTA) decreased the level of photooxidati

volatiles in the headspace.

In the absence of mustard, the oxidat (LagunesGalvez et al.,
degradation was somewhat faster and 2002)

amount of conjugated dienes was increa

more quickly and to a higher degree than f

in the mustard-containing sample

EDTA was a strong antioxidant, while propyl
gallate and lactoferrin did not exert anyJacobsen et al., 2003

antioxidative effect in the SL mayonnaise

FE at 500 mg/kg in mayonnaise was
effective in decreasing lipid oxidation
_ (Mostafa, 2003)
TBHQ and more effective than BHT at the
permitted level (200 mg/kg).
The antioxidative effect of EDTA was much
more pronounced than the effect of lactoferrifNielsen et al., 2004)

and, especially, phytic acid in mayonnaise.




_ _ _ ~ Oregano (1%)
Fish oil-enriched mayonnaist
. Rosemary (1%)
based salads (shrimp and tu
Thyme (1%)
salad}

Black glutinous rice flour
Fish oil mayonnaise
(oil weight basis))

Mayonnaise (rapeseed oil, 74 Lycopene crystals (50
fat) mg/kg)

(500 mg/kg and 1000 mg/kgconjugated

In fish oil-enriched shrimp salad, asparag

had an anti-oxidative effect and shrimp a p
oxidative effect. (Serensen, Nielsen, &
The addition of spices increased the oxida: Jacobsen, 2010)
stability of tuna salac
(oregano>rosemary>thyme).

The addition of dried black glutinous rice
crude extract at 500 and 1000 mg/kg (oil

weight basis) could retard an increase in
(Tananuwong &

diene  hydroperoxides and
_ o _ _ Tewaruth, 2010)
thiobarbituric acid reactive substances

(TBARS)

Lycopene slowed the development of c
flavour, off-odour, and colour changes

ice cream, ¢

lycopene-added bultter,
(Kaur et al., 2011)

mayonnaise during storage as it interrupts

chain of free radicals involved in aut

oxidation



Natural spices and herbs
Mayonnaise and salad dressinguch as parsley, ground
(olive oil 50% and 25%) black pepper, basil and hot

paprika) and their extracts

Oryzanol
_ _ _ Squalene
Rice bran oil mayonnaise
Tocopherols

Tocotrienols

Ginger powder (GP) (0% -

Mayonnaise (corn oil)
1.25%)

Natural spices and herbs were replaced with

their extracts. Pure olive oil, mayonnaise and
salad dressing containing extracts had better _

_ . o . (Slavchev, Nikovska,
microbiology and oxidative quality. Also

_ . & Nenov, 2012)
sensory properties of mayonnaise with
extracts showed that it had the highest score
of the degree of liking.
Incorporation of Rice bran oil provide
oryzanol  (0.89/100g oil), tocopherc (Das, Bhattacharya,
tocotrienol, squalene which enhances Kar, Ghosh, &
stability along with providing balanced Fat Bhattacharyya, 2013)
acid composition to the mayonnaise.
The addition of GP at concentrations 1.0%
and 1.25% could improve oxidative stability
of mayonnaiseAfter 20 weeks, the values of _
_ o _ (Y. Kishk &
peroxide, anisidine, acid and totox for
_ _ Elsheshetawy, 2013)

mayonnaise prepared using 1.0% and 1.25%
GP were significantly lower compared to the

control.




Mayonnaise (rapeseed oil)

Mayonnaise (corn oil 70%)

Mayonnaise (sunflower oil, 68¢
fat)

Grape seed extract (GSE)

mg GSE per ml, 0.5 m o - _
The oxidative stability of the mayonnais

GSE per ml (~0.050%), O. . _ _ _ (Altunkaya et al.,
enriched with GSE was slightly improve

mg GSE per ml (~0.10% 2013)
through storage.

and 1.4 mg GSE per n

(~0.15%))

Juice of basil leaves (0.5%Addition of (1.0% and 1.5%) juice of basil(Abou-Zaid,

1.0% and 1.5%) leaves could reduce the oxidation process Atbdelahafez, & Amer,
BHT (0.01%) mayonnaise during 12 weeks. 2015)

Essential oils (ECs
(0.015%, 0.03% an
0.045%) extracted fron All concentrations of Zenyan EOs we
Zenyan by Ohmic assiste suitable antioxidants but synthei

o o . (Mazaheri Tehrani,
hydro  distillation  and antioxidants like: BHA and BHT could b

conventional hydrc replaced by higher concentrations of Zen 013)
distillation methods Eos.

BHA

BHT




Antioxidant/pro-oxidant
Product
(Concentration)

Results Reference

Yellow powder mustard
(0%, 0.01%, 0.02%, 0.03%,
Mayonnaise (Soybean oil, 63%0.04%, 0.05% and 1%,)
fat) Paste mustard (0%, 0.75%,
1%, 1.25% and 1.5%)

Chitosan with bigger
molecular weight (MW=31(
kDa and DD=77.7%) (100
mag/kQ)
Mayonnaise Chitosan with smaller
molecular weight (MW=12%
kDa and DD=83.2%) (100
mag/kQ)
EDTA (75 mg/kg)

Tocopherol (450 mg/kg)

Mayonnaise (soy oil)
TBHQ (150 mg/kg)

Powder mustard increased oxidative stability
but caused undesired changes in colour and
flavour of mayonnaise for this reason they
substituted powder mustard with pastéMilani et al., 2013)
mustard so undesired changes in colour and

flavour of the sauce were removed to some

extent.

Addition of chitosan slowed down the lip

oxidation process of mayonnaises.

Chitosan with bigger molecular weig
showed better stability during acceleral
storage at all temperaturest has beer (Garcia et al., 2014)
observed that addition of chitosan slowed

the lipid

mayonnaises during 63 days of accelere

down oxidation process

storage.
. . ~ (Shahin, Nayebzadeh,
Tocopherol limited hydroperoxide formation
Alizadeh, &

effectively.
Y Mohammadi, 2014)

10
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Tansy extracts increased oxidative stability (Baranauskiehet al.,

Mayonnaise Tansy extracts (1%) _
mayonnaise. 2014)

Anthocyanin-rich purple
corn husk extract (PCHE) The antioxidative effect of the mayonnaise
(anthocyanin concentrationscontaining PCHE was higher than that of

Mayonnaise (Soybean oil 85%f 0.1, 0.2, and 0.4 g/kg mayonnaise with chemical antioxidants BHT
(Li et al., 2014)

fat) mayonnaise) and EDTA as positive control.
BHT (0.2 g/kg mayonnaise) The strongest antioxidative performance was
EDTA (0.075 g/kg in mayonnaise containing 0.4 g/kg PCHE.
mayonnaise)




Fish oil mayonnaise (16% fis
oil)

Caffeic acid and
lipophilised derivatives of
caffeic acid (caffeates):
Methyl caffeate (100 M)
Butyl caffeate (100uM)
Octyl caffeate (100, 200
HM)

Dodecyl caffeate (100 M)
Octadecyl caffeate (100uM

Caffeic acid esterified with fatty alcohols
different chain lengths (C1-C20) were betl

antioxidants than the original pheno
compound.

Fish oil enriched mayonnaise (stored for
weeks at 20 °C) with caffeates of medit
alkyl chain length (butyl, octyl and dodecy
added resulted in a better oxidative stabi
than caffeates with shorter (methyl) or long
(octadecyl) alkyl chains.

For peroxide value of mayonnaises the shc
lag phase (3 days) was in samples with
antioxidant and octyl caffeate at 200 uM &
the longest lag phase (9 days) was see
samples containing butyl caffeate a

octadecyl caffeate

12

(Aleman et al., 2015)




Sesame sprouts (0.5%,
0.75%, 1.0% and 1.25%)

Sesame sprouts powder retarded oxidation

Mayonnaise during 45 days (at 255 jGn mayonnaise (Shabbir et al., 2015)
EDTA (0.0075%) _ .
but did not have good sensory perception.
BHT (0.02%)
Mayonnaise formulated with eugenol-le
clove extract had significantly high
antioxidant activity than mustard mayonnait
Eugenol-lean fraction The antioxidant activity and phytochemic

Mayonnaise (Soybean oil 74'isolated from clove buds  properties tend to decrease after 30 days (Chatterjee &
fat) (Syzygium aromaticum the reference market sample and after 90 ¢ Bhattacharjee, 2015)
Linn) (0.42 %) for the experimental control sample while t
mayonnaise formulated with eugenol-le
clove extract was found to be stable beyon

months.
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Figure 1. Proposed mechanism for the release of Iron by Ascorbic Acid. Adopted from

(Jacobsen, Adler-Nissen, et al., 1999)

Figure 2. Different colours of mayonnaise containing various PCHE contents. (A) PCHE 0.4
o/kg, (B) PCHE 0.3 g/kg, (C) PCHE 0.2 g/kg, and (D) PCHE 0.1 g/kg. Adopted from (Li et

a., 2014).

Figure 3. Interfacial phenomena as a possible mechanism of action of the polar paradox in
oil-in-water emulsion (a and b) and in bulk oil (c and d). Adopted from (Edwin N Frankel,

Huang, Kanner, & German, 1994; Laguerre et al., 2013).
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(3)
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Phosvitin-Fe** -.:_1“* Fe** {—_} Ascorbic acid-Fe®*
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Ky = [Phosvitin-Fe**J/([Fe**][Phosvitin])
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Highlights

* |t is possible to increase oxidative stability of mayonnaise by replacing synthetic
antioxidants with natural antioxidants

* The most challenging part of using natural antioxidants in mayonnaise is to obtain a
product with a good sensory property.

» Factors affecting efficacy of natural antioxidants in mayonnaise are not very well
understood.

* Manipulating interfacia layer of oil droplet in mayonnaise to retard lipid oxidation is

missing in the literature.





