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Particle size and cholesterol content of a mayonnaise
formulated by OSA-modified potato starch
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Abstract

Egg yolk was partially replaced (0, 25, 50, 75, and 100%) with octenyl succinic anhydride (OSA)-modified potato starch in a
reduced-fat mayonnaise formulation to curtail the problems associated with high cholesterol and induced allergic reactions. The
physicochemical properties included parameters such as: pH, fat content, and emulsion stability of the formulations analyzed.
The samples with 75% and 100% egg yolk substitute showed the maximum emulsion stability (>95% after two of months
storage), and they were selected according to cholesterol content, particle size distributions, dynamic rheological properties,
microstructure, and sensory characteristic. A significant reduction (84-97%) in the cholesterol content was observed in the
selected samples. Particle size analysis showed that by increasing the amount of OSA starch, the oil droplets with the peak size
of 70 pm engulfed by this compound became larger. The rheological tests elucidated that in the absence of egg yolk, OSA starch
may not result in a final product with consistent texture and that the best ratio of the two emulsifiers (OSA starch/egg yolk) to
produce stable reduced-fat, low cholesterol mayonnaise is 75/25. The microscopic images confirmed the formation of a stable
cohesive layer of starch surrounding the oil droplets emulsified in the samples selected.

Keywords: octenyl succinic anhydride; cholesterol; mayonnaise; particle size distributions; rheological characteristics;
microstructure.

Practical Application: The egg yolk has been partially replaced (0, 25, 50, 75,100%) by octenyl succinic anhydride (OSA)-
modified potato starch in a reduced-fat mayonnaise formulation. The pH, fat content, cholesterol content and emulsion
stability, particle size distributions, dynamic rheology, microstructure properties of the formulations were analyzed and the
results indicated that 100% substitution of egg yolk may not be desirable because of large droplet size, low consistency and poor
sensory scores. The best ratio of the two emulsifiers to produce stable reduced-fat, low cholesterol mayonnaise would be 75/25.

1 Introduction

Mayonnaise is one of the most popular types of sauces in
the world. It is a semi-solid oil-in-water emulsion produced as
a mixture of egg yolk, vinegar, oil and some other ingredients
(Depree & Savage, 2001). Egg yolk is a key ingredient because of
its high emulsifying capacity which is related to the phospholipids,
lipoproteins (LDL and HDL), and non-associated proteins
(livetin and phosvitin) (Anton et al., 2007; Laca et al., 2010;
Moros et al.. 2002).

Today, conscious consumers demand healthier and nutritious
foods, and mayonnaise is often mentioned by health-related
deliberations because of its high fat (70-80%) and cholesterol
content (Liu et al., 2007; Nikzade et al., 2012). Therefore, different
attempts have been made to develop low cholesterol products with
characteristics similar to those of real mayonnaise (Laca et al.,
2010). Low cholesterol mayonnaise with no egg yolk have been
produced using egg white and food grade emulsifiers resulting in
a full-fat (>70%) product (Dartey et al., 1990). Moros et al. (2002)
used a reduced-cholesterol egg yolk in mayonnaise formulation
and showed that the rheological parameters may be improved by

reducing the level of cholesterol by 40-80 wt% (Moros et al., 2002).
Plant-based proteins, such as soy bean and wheat proteins, have
been used as emulsifiers in several studies to replace egg yolk in
mayonnaise emulsion systems (Puppo et al., 2000; Ghoush et al.,
2008). Garcia (2006) studied the cholesterol-lowering effect of
rice bran oil on a mayonnaise type spread. Laca et al. (2010)
developed a simple laboratory procedure for producing egg yolk
granules with lower cholesterol content as an emulsifying agent
in mayonnaise preparation. A combination of soy milk, gums,
and mono- and diglycerides has been statistically formulated
to replace the egg yolk in low cholesterol-low fat products
(Nikzade et al., 2012). The effects of different ingredients in
the formulation of reduced fat/cholesterol mayonnaise were
reviewed by Zhen & Boye (2013).

Modified starches from different sources are usually used as
thickening agents to provide desired structures in food products
(Silva et al., 2006). Octenyl succinic anhydride (OSA) starch is
a new type of chemically modified starch with surface active
properties (Zhu et al., 2013). It is produced by esterification of
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different sources of starch with anhydrous octenyl succinic acid
under alkaline conditions (Tesch et al., 2002; Bao et al., 2003; Dokic,
2008). The hydrophobic short octenyl succinate side chains may
be responsible for adsorption of the OSA starch molecules at the
oil/water (O/W) interface, and the long amylopectin backbone
protects the droplets against flocculation by the mechanism
of steric stabilization. Unlike typical surfactants, OSA starch
forms a strong film at the O/W interface and provides a good
resistance against re-agglomeration (Bhosale & Singhal, 2006;
Timgren, et al., 2013). Increasing the viscosity of the continuous
phase in combination with the ability of adsorption at interfaces,
enables OSA starch to act as a stabilizer and also as an emulsifier
in O/W emulsion systems. This type of modified starch has been
approved as a food additive by the FDA and EU (Tesch et al.,
2002). In 2012, a proposal for using OSA starch modified gum
arabic as an emulsifier was assessed according to Health Canada
guidelines. It has been proved that OSA starch produced from
different plant sources may exhibit somewhat different functional
properties (Timgren et al., 2013).

The main objective of this research was to investigate the effect
of partial (0, 25, 50, 75, and 100%) replacement of egg yolk with
OSA potato starch on the emulsion stability, cholesterol content,
particle size, linear viscoelastic, and organoleptic properties of
reduced fat mayonnaise.

2 Materials and methods

Octenyl succinic anhydride (OSA) potato starch, Emulsiform
CM20, was purchased from the National Starch Company,
Denmark. Betulin (Sigma-Aldrich, Germany) was used as
internal standard in the cholesterol test. All other chemical
reagents were of analytical grade.

2.1 Preparation of mayonnaise

Reduced fat mayonnaise samples were formulated as a
mixture of about 40% vegetable oil, 4.8% sugar, 1.5% salt,
2% potato starch, 0.4% mustard, 0.05% xanthan, 0.14% guar
gum, 0.01% citric acid, 0.01% sorbate, 0.06% benzoate, and
4.5% vinegar. The egg yolk, OSA starch, and water were used
in different samples as shown in Table 1. All of the mayonnaise
samples were prepared according to the method briefly shown
in Figure 1 and analyzed by the following physicochemical tests
in triplicates.

Table 1. Ingredients, pH, and fat content of mayonnaise samples”.

Formulation Ingredients
OSA

Samples® Egg Water  Fat Content pH
yolk starch (%)
(%) (%)
0 5.000 - 41.440 41.45+0.218* 3.97+0.005*
25 3.750 0.125 42560 41.37£0.025® 3.74+0.005°
50 2.500 0.250 43.690 40.72+0.543 3.68+0.005¢
75 1.250 0.375 44.810 40.71£0.115> 3.60+0.005¢
100 -—-- 0.500 45.940 40.32+£0.075° 3.48+0.005°

"The results are expressed as meantstandard deviation. Data followed by the same
letter in a column are not significantly different. *Samples are classified by percentage
of egg yolk in each formulation.
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2.2 Chemical analyses

The pH of the mayonnaise samples was measured at 25 °C
using a 500 Cyberscan pH meter system. The fat percentage
of the mayonnaise samples was determined according to the
method of Mistry and Hassan (Mistry & Hassan, 1992).

2.3 Emulsion stability

Samples, each weighing 15 g, were heated in centrifuge tube
at 80 °C for 30 min and then centrifuged at 5000 rpm for 30 min.
The emulsion stability percentage was calculated according to
Equation 1 (Mun et al., 2009; Nikzade et al., 2012):

Emulsion stability (%) = (F,, F ) x 100 (1)
F, = original weight of each sample

F, = weight of the precipitated fraction

2.4 Rheological behavior

Rheological behavior of mayonnaise samples was studied
in a Paar Physica rheometer (MCR 501, Anton Paar GmbH,
Austria) at 25 °C with serrated parallel plates measuring system
(diameter = 25 mm, gap = 1 mm). Linear viscoelastic strain
amplitude was determined as 0.4% using the strain sweep test
(0.01-100%) at a constant frequency of 1 Hz; the frequency
sweep test was performed at this constant strain over the range
0.01 to 100 Hz.

2.5 Particle size measurement

Mayonnaise samples were analyzed using a Malvern particle
size analyzer, Mastersizer 2000 according to the procedure
described by Quintana et al. (2002). Droplet size measurements
are reported as the Sauter mean diameter by Equation 2:

Zj\;]nidis
Z[]\il"fdf ’

2.6 Cholesterol measurement

dy, = (2)

Betulin was added as an internal standard and then saponified
with potassium hydroxide ethanolic solution; the unsaponifiable
matter was extracted with ethyl ether. Sterols and triterpene
dialcohols were fractionated by thin layer chromatography plates
and then analyzed by gas chromatography (YL 6100 GC) with
FID detector. The operating conditions were as follows: column
temperature: 260+5 °C, injector temperature: 280-300 °C, and
detector temperature: 280-300 °C.

2.7 Sensory evaluation tests

Sensory characteristics including taste, color, odor, viscosity,
or consistency, texture, appearance, and overall acceptability were
evaluated by trained panelists based on a 9-point Hedonic scale
(1 as the lowest and 9 as the highest score) . The mayonnaise
samples were served at room temperature in plastic cups.12 trained
panelists were requested to assess the samples according to the
parameters stated in the sensory evaluation score sheet.
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Figure 1. Particle size distribution curves of the control samples (a) and samples with 75% and 100% egg yolk substitute (b, c).

2.8 Optical microscopy

A reflective optical microscope (Motic BA300, Pol, UK)
was used to investigate the microstructure of the mayonnaise
samples. A drop of each sample was placed in the microscope
glass slide, which was observed at a magnification of 40x.

2.9 Statistical analyses

One-way analysis of variance (ANOVA) and Tukey’s test
(p < 0.05) were used to analyze the test results. The analyses
were conducted using a completely randomized design and the
Minitab software, version16.

3 Results and discussion

The pH and fat content of the mayonnaise samples are given
in Table 1, indicating that pH range of all of the samples was
within 3.1-4.1, corresponding to USDA pH range for mayonnaise
(United States Department of Agriculture, 2005). The results
showed that by increasing the egg yolk substitute (from 25% to
100%), the pH of the mayonnaise samples reduced significantly.
Both the egg yolk and OSA potato starch have approximate pH
value of 6 (Hui et al., 2009; Blitz et al., 2009), but since the sum
of the weights of egg yolk and OSA starch used in the different
mayonnaise formulations decreased with an increase in the
amount of egg yolk replaced with OSA starch, lower pH values
are expected in samples containing OSA as compared to that of
the control. Although, the same amount of vegetable oil (30%)
was used in all formulations, the fat content is significantly
reduced in the samples with higher amount of OSA starch,
and this may be considered an another advantage for partial
reduction of egg yolk as a fat-rich (31.8-35.5%) ingredient
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(Sikorski & Kolakowska, 2003). Moros et al. (2002) reported
the same result in mayonnaise produced with low cholesterol
egg yolk (Moros et al., 2002).

The emulsion stability percentage of the mayonnaise samples
after 1, 14, 30, 60, and 90 days of production is given in Table 2.
Egg yolk proteins and phospholipids act as excellent emulsifiers,
and thus the best stability after up to two weeks was observed in
the control sample formulated with 100% egg yolk (Jolivet et al.,
2006; Magnusson & Nilsson, 2011). On the other hand, for longer
storage of up to 3 months, the sample with 100% OSA starch
has shown better stability (Hockergard, 2011). Nevertheless, the
lowest emulsion stability has been obtained for samples with
25% and 50% egg yolk substitute, in which both emulsifying
ingredients (egg yolk and OSA starch) compete for adsorption
at the O/W interfaces. Therefore, according to the results of
Table 2, the samples with 0%, 75%, and 100% substituted-egg
yolk, which showed the highest emulsion stability, were selected
for further analyses to determine cholesterol content, particle
size, and rheometric analysis.

Cholesterol content of the selected mayonnaise samples
was determined after one month of production. According to
the GC chromatograms, the peak of cholesterol has appeared
in RT: 13.7288 min and the area under the peak is smaller with
higher amount of substituted egg yolk. As it may be expected,
cholesterol content of different samples has shown significant
difference (Table 3), so that 75% and 100% substitutions have
resulted in 84% and 97% reductions, respectively, as compared
to control.

The particle size distribution curves of the control and
the selected samples (75% and 100% substituted-egg yolk)

Food Sci. Technol, Campinas, 35(1): 150-156, Jan.-Mar. 2015
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Table 2. Emulsion stability of mayonnaise samples during storage'.

Storage time

Emulsion stability®

(Day) Control 25% 50% 75% 100%
1 100.00+0.00* 98.43+0.06° 96.10+0.10¢ 99.83+0.06* 99.93+0.06"
14 100.00£0.00* 98.07+0.06° 95.43+0.12¢ 99.83+0.06* 98.46+0.06"
30 91.33+0.29¢ 92.37+0.12¢ 93.6+0.173¢ 96.73+0.21° 97.73+0.06*
60 89.67+0.58¢ 93.90+0.10° 92.07+0.06° 96.23+0.06* 96.93+0.06*
90 84.33+0.58¢ 90.87+0.12° 91.27+0.06" 94.67+0.58° 94.07+0.06
"The results are expressed as meanz+standard deviation. Data followed by the same letter in a column are not significantly different.
Table 3. Cholesterol content, particle size and rheological characteristics of the selected mayonnaise’.
Cholesterol d G Y tan(3)
Sample content 32 e a b
(ppm) (um) (pa) (%) )
Control 6823.041+0.000* 8.38+1.78¢ 990.00+14.10% 1.27+0.13* 0.20+0.01° 1320+127.9¢ 0.125+0.002°
75% 1024.413+0.000° 16.37+1.18° 1000.00+26.30* 1.03+0.34° 0.17+0.02" 2203+35.1° 0.107+0.002°
100% 143.053+0.000° 18.40+1.18* 709.50+21.30° 2.07+0.11¢ 0.17+0.01° 644+182.3* 0.160+0.007*

'The results are expressed as meanzstandard deviation. Data followed by the same letter in a column are not significantly different.

are shown in Figure 1. Two main peaks, one at 10 um and the
other at 70 pum, were observed in the control sample (curve a).
It is likely that the larger peak (10 pm) is associated with the
oil droplets stabilized by a layer of egg yolk proteins in normal
mayonnaise (Muller et al., 1998; Worrasinchai et al., 2006;
Rayner et al., 2012), and the smaller peak (70 pum) is associated
with the modified potato starch which is used as a thickening
agent. Juszczak et al. (2013) reported the particle size of granules
of acetylated distarch adipate (ADA) corn and potato starches
in ketchup suspension is in the range of 50-100 pm. Whereas,
in the sample with 75% egg yolk replacement (curve b), the
main peak at 10 pm is much smaller than that of the control
because the oil droplets are mainly surrounded by OSA starch
instead of egg yolk, and in the sample with 100% replacement
(curve c), this peak seems to be completely vanished. On the
other hand, by increasing the amount of OSA potato starch
in mayonnaise formulations, the size of the peak at 70 um is
increased. It may be suggested that this peak is associated with
oil droplets surrounded by a layer of OSA starch. Rayner et al.
(2012) studied the emulsions stabilized by OSA modified quinoa
starch and reported droplet size in the range of 9-70 um. It is
obvious that higher shear homogenization processes may produce
smaller droplets. In the present study, a laboratory-scale mixer
with moderate speed (2500 rpm) was used in the mayonnaise
preparation. The results of surface mean droplet diameter (d,,)
in the mayonnaise samples indicate that egg yolk substituted
by OSA starch may have resulted in much greater droplet size.
It has been proved that the particle size characteristic of O/W
emulsion systems is mainly related to the emulsifier’s ability
to reduce the interfacial tension between the dispersed and
continuous phases (Mc Clements, 2005). Egg yolk lecithin is a
small molecular weight emulsifier and may be more active to
reduce droplet size at the stage of emulsion formation than high
molecular weight OSA starch molecules (Vincent et al., 1966;
Krstonosic et al., 2011).

Food Sci. Technol, Campinas, 35(1): 150-156, Jan.-Mar. 2015

Therefore, the surface mean droplets diameter (d,,) of the
control samples was almost 54% smaller than that of the samples
formulated with 100% OSA starch (Table 3). It seems that better
emulsification may be possible when both types of emulsifiers
(small and large molecules) are used; therefore, the average
droplet size of the sample with 75% substitution was 11% smaller
than that of the sample containing OSA only. A similar result
between OSA starch and Tween80 was found by Dokic et al.
(2008). Taherian et al. (2006) studied O/W emulsions stabilized
by OSA starch and showed that as the amount of this ingredient
was increased, bigger droplets were formed in the emulsion. A
somewhat lower range of d,, (2-9 um) in emulsions containing
egg yolk proteins and OSA starch was reported by Magnusson
& Nilsson (2011). Nonetheless, the present study shows that
larger particle sizes may be observed at low pH (4-4.5) due to
oil droplet flocculation. Thaiudom & Khantarat (2011) used
OSA starch as a fat substitute in mayonnaise and concluded
that the average particle size decreased with an increase in the
starch concentration in the product. It seems that this different
result is associated with a formulation in which the amount of
egg yolk is maintained constant and OSA starch acts only as a
fat and not as an egg substitute. Therefore, droplet sizes may be
influenced mainly by egg yolk and also by OSA as a supporter
in the stage of emulsion formation.

The results of the strain amplitude sweep tests are shown in
Figure 2a and Table 3. All samples exhibited solid viscoelastic
behavior (G' > G”). Structural gel strength (G,’) of both samples
is not significantly different from that of the control (Table 3). The
linear viscoelastic behavior range for mayonnaise-like systems
may be indicative of the nature of intermolecular forces between
the lipoproteins adsorbed around oil droplets (Quintana et al.,
2002). Magnusson & Nilsson (2011) studied interactions between
OSA starch and egg yolk proteins at O/W interfaces and showed
that at low pH (=4) a lower amount of OSA starch is adsorbed
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Figure 2. (a): Strain amplitude sweep of mayonnaise samples; (b): Frequency sweep of mayonnaise samples.

on droplets surface. Therefore, in the present research, the main
interaction between two macromolecules may have occurred
in the bulk of emulsion resulting in higher elastic characteristic
(lower tan (8)) and higher gel strength (G'y) in the sample with
75% substitution as compared to those of the control. On the
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other hand, weak intermolecular forces on the surface layer of
oil droplets may be the reason for the lower Y’ obtained for
this sample.

Data of frequency sweep tests show a weak gel behavior in
all of the mayonnaise formulations (Figure 2b), and the results

Food Sci. Technol, Campinas, 35(1): 150-156, Jan.-Mar. 2015
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of storage modulus versus frequency fitted well (R* > 97%) to
power- law model (G’ =w") (Table 3). Larger “@” coefficient for
the 75% sample means higher consistency, and it corroborates
the results of strain sweep test. On the other hand, a sample
formulated with 100% OSA starch produced the lowest “a”
and the highest “b” due to the fact that in absence of egg yolk
lipoproteins, OSA starch may not provide a desirable consistency

in the mayonnaise texture in the final product.

The results of the sensory evaluation of the mayonnaise
samples after one month of production are shown in Figure 3.
No significant differences were observed in terms of taste, color,
odor, texture, and appearance of the two mayonnaise samples
and the control. The sample with 100% replacement shows the
lowest viscosity with overall acceptability. However, the samples
with 75% egg yolk substitute showed no significant difference
in viscosity, and the same overall acceptability was reported by
panelists as compared to that of the control.

Microscopic image of the sample with 75% egg yolk
substitution showed a closely packed layer of OSA starch clearly
formed on oil/water interfaces (Figure 4), which is one of the
main characteristics of particle- stabilized emulsions reported
by Dejmek et al. (2012).

=
S)

9

8
7 4
6 4
5 4
4
3 4
2 4
1
0 -

Taste Color odor texture appearance viscosity overal
acceptability

m Control 75% egg yolk substitution m 100% egg yolk substitution

Figure 3. Organoleptic characteristics of mayonnaise samples after
one month of production.

Figure 4. Microscopic image of mayonnaise sample with 75% substituted-egg
yolk. (a) Packed layer of OSA starch formed on oil/water interfaces.

Food Sci. Technol, Campinas, 35(1): 150-156, Jan.-Mar. 2015

4 Conclusion

Today, there is a growing consumer demand for low fat,
low cholesterol, healthier, and allergens-free food products. In
this study, different concentrations of OSA potato starch were
used in mayonnaise formulation as an emulsifier and egg yolk
replacer. The optimum amount of OSA starch was determined
based on the 84% reduction in cholesterol content, maximum
consistency, good emulsion stability, and overall acceptability
obtained. Since larger oil droplet sizes formed in the final
emulsified product may have negative influenced its texture
and storability, the application of higher shear force or the use
of more surface-active emulsifiers in combination with OSA
substitution may be considered in future studies.
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