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Abstract Mayonnaise was prepared by replacing refined
sunflower oil with physically refined rice bran oil (RBO),
filtered sesame oil (SO) and blends of both RBO:SO.
Emulsions were formulated using xanthan gum as a
replacer for egg. The effect of replacing xanthan gum on
varying oil blends (RBO:SO) on the physicochemical
properties such as texture (consistency), stability, viscosity,
and bioactives (oryzanol and sesamol content) were also
studied. Significant differences were observed in the fat
content of the emulsions prepared. Xanthan gum based
mayonnaise’s had 63-65% fat, whereas control sample
with egg had 78% fat. The spreadability ranged between
1.2 and 1.6 N and stability of these spreads was found to be
better than that of control. Mayonnaise with the desired
colour, optimum spreadability and excellent emulsion sta-
bility could be prepared using RBO, and blends of
RBO:SO. Significant differences were seen in the instru-
mental consistency and rheological studies among the
mayonnaises prepared. The present study focusses on the
preparation of a healthy mayonnaise using rice bran and
sesame oil and their blends which have beneficial health
effects due to the presence of oryzanol and sesamol.
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Introduction

Mayonnaise, a semi-solid oil-in-water emulsion containing
70-80% fat is probably one of the oldest and most widely
used sauces in the world today. It is traditionally prepared
by carefully blending egg yolk, vinegar, oil, salt and spices
(especially mustard). Among the ingredients in mayon-
naise, egg yolk is most critical for its stability (Hasenhuettl
2008). Egg yolk is often used in foods as an emulsifier
because it imparts desirable flavor, mouthfeel, and color
(Bringe and Cheng 1995). A well-known fact of egg yolk is
its high cholesterol content. Yet it is still the commonly
used emulsifying agent, as it has high qualities for emul-
sifying, egg yolk is an emulsion itself, comprising of
hydrophobic granules suspended in an aqueous phase
containing most of the protein (Harrison and Cunningham
1986). The emulsifying capacity of egg yolk is a result of
phospholipids, lipoproteins (LDL and HDL), and non-as-
sociated proteins (Livetin and phosvitin), with LDL being
the most important contributor to these emulsifying prop-
erties (Kiosseoglou 1989). A problem associated with egg
yolk is its high cholesterol content (1000-1200 mg/100 g),
which has been implicated as a causative agent for heart
disease. Several attempts have been made to develop low
cholesterol sauces with characteristics similar to that of real
mayonnaise. Largely influenced by health related concerns,
there have been demands on the food industry to reduce the
amount of fat, sugar, cholesterol, salt and certain additives
in the diet (Liu et al. 2007).

Xanthan gum is an anionic heteropolysaccharide pro-
duced by the microorganism Xanthomonas campestris. The
molecular weight of xanthan gum is approximately 2 mil-
lion g/mol, it forms aggregates, and xanthan solutions are
highly pseudoplastic and exhibit high viscosity. Xanthan
gum is commonly added to oil-in-water emulsions to
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enhance viscosity. A few functional food formulations
based on O/W emulsions, using whey proteins and xanthan
gum have been tried by Caporaso et al (2016).

The demand for low fat and eggless mayonnaise has
greatly increased in the recent years due to consumers’
concern about high fat diets and cholesterol content
(Worrasinchai et al. 2006). High fat intake is associated
with increased risk of obesity, some types of cancer, car-
diovascular diseases, and hypertension (Liu et al 2007).
The American Heart Association has suggested limiting fat
consumption to less than 30% of the overall consumed
calories. The adverse health effects of overconsumption of
certain types of lipids have led to a trend within the food
industry towards the development of healthy mayonnaises
(Mun et al. 2009; Liu et al. 2007).

Traditional cooking oil used in India includes groundnut,
coconut, sesame, mustard, safflower and sunflower oil, rice
bran oil, palmolein and soybean oil. In mayonnaise, the oil
percentage accounts to 75% or more of the total volume
(Depree and Savage 2001). Normally synthetic antioxidants
like BHT and TBHQ are used to depress rancidity of fats and
oils. However the toxicity of synthetic antioxidants (Barlow
1990) and increasing consumer demand for natural products
have directed our attention in using RBO and sesame oil
which act as natural and safer antioxidants and also having
hypocholesterolemic effect for use in mayonnaise.

Among vegetable oils, rice bran oil, (RBO) has been
reported to have a hypocholesterlemic effect. Oryzanol,
tocopherols and tocotrienols are present in RBO as
unsaponifiable matter. Phytosterols are important minor
components of RBO and their beneficial biological effects
include cholesterol lowering, antiaging and antioxidants
effects (Gopalakrishna et al. 2002). Micronutrients such as
phytosterols, oryzanol, and tocotrienols present in rice bran
oil are responsible for lowering plasma cholesterol. The
cholesterol-lowering potential of phytosterols in humans is
well established, and hence foods containing phytosterols
can be used as a functional ingredients. Oryzanol is a group
of sterol ferulate and is known to exert a hypocholes-
terolemic effect by decreasing cholesterol absorption and
inhibiting hepatic cholesterol synthesis. Consumption of a
diet enriched in rice bran oil, has advantages in terms of
lowering plasma lipid levels or improving the cardiovas-
cular risk profile (Raghuram and Rukmini 1995).

Sesame 0il (SO) contains a class of unusual compounds
known as lignans, comprising of sesamin, sesamolin, and a
small amount of sesamol (Namiki 1995). They have mul-
tiple physiological functions, such as decreasing blood
lipids (Hirata et al. 1996), increasing antioxidative ability
(Hemalatha et al. 2004) and y-tocopherol bioavailability
providing anti-inflammatory function (Hsu et al. 2005) and
estrogenic activity (Wu et al. 2006). Sesamol is a potent
phenolic antioxidant present in sesame oil making it more
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resistant to oxidative deterioration. This oil was also used
in our formulation along with rice bran oil to prepare
mayonnaise like spread. In the present study, efforts were
also made to substitute egg yolk with xanthan gum in the
preparation of mayonnaise using blends of RBO and SO.

The main objectives of this study were, (1) Use of
xanthan gum as an egg yolk replacer in mayonnaise. (2)
Studying the texture (consistency), flow properties of
mayonnaise prepared using different ratios of RBO and SO
along with xanthan gum in terms of consistency index (K),
flow index (n) and yield stress (3) studying the stability and
sensory qualities of the prepared mayonnaise.

Materials and methods

Xanthan gum was obtained from Loba Chemie Pvt. Ltd.
Mumbai, India. Rice bran and sesame oil were procured
from the local market in Mysore. Double distilled water
was used to hydrate the xanthan gum. All chemicals used
were of reagent grade.

Preparation of mayonnaise

Experimental design used in this study for preparation of
mayonnaise is given in Table 1. Emulsions were prepared
by using Ultra Turrax T-50 (IKA, Instruments, Germany)
equipped with a dispersing tool. Mayonnaise control was
prepared using the formulation (Depree and Savage 2001)
containing refined sunflower oil (70), egg yolk (19.1) salt
(1), sugar (0.6), vinegar (7.2), mustard (1.8) and white
pepper (0.3). For mayonnaise prepared with xanthan gum,
1 gm (dwb) of xanthan gum was hydrated in 20 ml of
double distilled water and weighed in a bowl. Vinegar,
sugar, salt, mustard and white pepper were weighed and
mixed with the hydrated gum, and oil was trickled slowly
and homogenized. Both time and temperature were kept
constant. The mixture was stirred at 6000 rpm for 3.5 min,
and at 2000 rpm for 3 min. Control sample and the for-
mulation with xanthan gum was prepared with and refined
sunflower oil. RBO, SO and blends of both RBO and SO
were used to prepare mayonnaise according to the experi-
mental design given in Table 1. Once prepared, emulsions
were stored at 15 °C. All the samples prepared with indi-
vidual oils and blends were prepared five times in order to
establish the variability of the emulsification technique. In
all the experimental samples prepared the amount of xan-
than gum and other ingredients was kept constant only the
oil blends were varied.

The prepared mayonnaise’s were kept in glass jars and
stored at 15 £ 1 °C. Samples were taken after 2 days,
brought to room temperature (27 £ 1 °C) for further
analyses.
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Table 1 Experimental design

Texture (N)

Rice bran oil (RBO) Sesame oil (SO)

and texture (consistency) of Stno Oil blends
mayonnaises prepared with Refined sunflower oil
RBO and SO

1 100*

2 100

3 -

4 _

5 _

6 _

7 _

I _

9 -

10 -

11 -

12 -

13 -

0 0 1.44 + 0.45°¢
0 0 1.62 + 0.21¢
100 0 1.02 £ 0.36°
90 10 1.61 + 0.12¢
80 20 1.36 4 0.44%¢
70 30 1.20 + 0.52>
60 40 1.17 + 0.38°
50 50 1.10 £ 0.11°
40 60 0.66 + 0.27°
30 70 0.62 & 0.34°
20 80 0.61 &+ 0.33"
10 90 0.58 & 0.61°
0 100 2.07 + 0.14¢

*Contains egg, all the rest with xanthan gum, values in the same column with different superscripts differ

significantly (p < 0.05)

pH and fat content

pH was measured at a temperature of 27 °C using a pH
meter model EZDO 600 (HTA instruments, India) Three
replicate readings (three different samples) were taken for
each pH of mayonnaises.

Fat content was determined by Mistry and Hassan
method (Mistry and Hassan 1992).

Colour parameters

The color of mayonnaise samples taken in a quartz cuvette
was determined by employing a colorimeter (Model #
LABSCAN XE, Hunter Associate Laboratory, Virginia,
USA). The illuminant employed was D65 and view angle
was 10°; the visible range of 400-700 nm was employed
and the diameter of the measuring port was 10 mm. The
color parameters like L* (lightness), a* and b* values
were determined as per the Commission Internationale
de’Eclairage (CIE) method. The total color difference
(AE) was also calculated keeping the standard glazed
white plate (supplied by the equipment manufacturer) as
the reference for comparison.

Consistency measurement

TA-HDi plus Texture Analyser (Stable Microsystems Ltd.,
Surrey, England) was used to determine the spreadability
of the emulsions prepared. The mayonnaise samples were
carefully placed into cylindrical containers. Spreadability
was measured using a spreadability rig (Stefan and
Kocevski 2013). A 50-kg load cell was used at a crosshead
speed of 5 mm/min. For each test, cone tests are set special

place in already centered base of 25 mm. The male cone
section ranges from the top down in a distance of 23 mm
with speed of 3 mm/s, with penetration in tested mayon-
naise, which is filled in the female cone. The force required
for penetration of the male cone into the female cone,
pushing the mayonnaise on the outside, is registered on the
computer. Spreadability was measured using approxi-
mately 10 g of mayonnaise sample in Spreadability probe
(perspex conical) with 45° angle at room temperature
(25 £ 2 °C). The tests were performed in triplicate and the
results were expressed as mean =+ standard deviation.

Emulsion stability test

The emulsion stability of mayonnaise was measured fol-
lowing the method developed by Chun and Song (1995).
15 g of mayonnaise samples (F1) were taken in centrifuge
tubes. The tubes were tightly sealed with plastic caps and
then centrifuged for 30 min at 5000 rpm. The weight of the
precipitated fraction (F1) was noted and stability of emulsion
or stability ratio (SR) was calculated as (%) = (F1/
F2) x 100 (Mun et al. 2009). Furthermore, to measure the
heat stability of mayonnaise samples, they were stored at
80 °C for 30 min. After that, emulsions were placed in
centrifuge tubes and processed for 30 min at 5000 rpm. Heat
stability was characterized using the above equation.

Oryzanol estimation
Oryzanol content was estimated as per the method of
Seetharamaiah and Prabakar (1986). Accurately weighed

oil samples (about 10 mg each) in replicates were dis-
solved in hexane, and made up to 10 ml. O.D. of the
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solution was recorded in a 10 mm cell at 314 nm in a
Shimadzu UV-240 double beam recording spectropho-
tometer (solutions having OD more than 1.2 were further
diluted before recording). The oryzanol content in the oil
was calculated using the formula,

O.D of hexane solution y 100
weight of oil (g)/100ml = 358.9°

Oryzanol (g%) =

Sesamol estimation

0.01 g of sample was dissolved in 10 ml of hex-
ane + chloroform mixture (7:3, v/v) and the absorbance
was measured at 288 nm using spectrophotometer (UV-
1601, UV-VIS spectrophotometer, Shimadzu Corpora-
tion). The sesamol content was calculated by using the
formula (Shukla and Singh 2005).

Sesamol (%) = [(A/W) x (100/230.1)]

where A = absorbance; W = weight of the sample in gram/
100 ml; 230.1 = extinction coefficient value.

Rheological properties

A controlled stress rheometer with coaxial cylinder (Z41)
attachment (Model # RS6000 Haake RheoWin, Thermo
Scientific, Karlsruhe, Germany) was used to determine the
flow behavior of the mayonnaise samples. All rheological
measurements were conducted at 25 °C on triplicate sam-
ples by employing a circulating water bath for control of
temperature by £ 0.1 °C (Bhattacharya 1999). Special care
was taken to minimize the effect of the work softening
when the mayonnaise sample was initially loaded on the
plate each time (Kokini and Dickie 1981). The mayonnaise
sample was removed in one stroke from the container using
a plastic spatula and was subsequently deposited onto the
plate. The sample filled up the whole gap by lowering the
upper plate down to the designed preset gap. The extra
sample around the edge of the plate was removed with the
plastic spatula. In this study, all samples were allowed to
rest for 60 s after loading to allow sample relaxation and
temperature equilibration. The samples were initially pre-
sheared at a shear-rate of 10 s™' for 30 s followed by a
gradual increase of shear-rate up to 500 s~' in 60 s.
Apparent viscosity was taken as the ratio of shear-stress
and shear-rate when the latter was taken as 100 s~'. Yield
stress was determined by shearing at 5 s~ for 30 s fol-
lowed by stopping the spindle, and allowing the sample to
relax for 120 s. However, no detectable yield stress was
observed for the samples. Hence, shear-stress and shear-
rate data were fitted to the commonly employed power law
model (Eq. 1), and model parameters (k and n) were cal-
culated by using the software provided by the instrument
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manufacturer. In the power law model (Eq. 1), ¢ was the
shear-stress (Pa), 7 was the shear-rate (sfl), k was the
consistency index (Pa s") and n was the flow behavior
index (dimensionless). The suitability of the power law
model was examined by determining the variance (3?) and
correlation coefficient (r); the significance of r-values was
judged at p < 0.01.

o = k(). (1)

Sensory analysis

Quantitative descriptive analysis (QDA) was used to
evaluate perceived textural attributes. Twelve trained
panelists evaluated the mayonnaise samples. Approxi-
mately 15 ml samples of each mayonnaise were served on
porcelain plates and transferred to the mouth with a plastic
spoon. The panelists rinsed their mouths with warm water
after evaluating each sample. All samples were served in
randomized order and the panelists evaluated each sample
in duplicate. Sensory scores was recorded with higher
intensity was on the right end and low intensity on the left
end of the scale.

Statistical analysis

All measurements were carried out in triplicates (unless
specifically mentioned), and data were expressed as arith-
metic mean =+ standard deviations (SD). Duncan’s Multi-
ple Range Test (DMRT) was applied to determine the
existence of significant difference at p < 0.05 (Duncan
1955).

Results and discussion
pH and fat content

pH of all the mayonnaise samples ranged between 3.9-4.0
and was not affected by varying oil blends. Fat content in
traditional mayonnaise prepared with egg was 78%
whereas in all the other samples prepared using xanthan
gum it ranged between 63-65%.

Colour parameters
Visual colour

Control mayonnaise was light yellow in colour, due to the
presence of egg yolk which imparts a natural yellowness
with refined sunflower oil. On replacing egg yolk with gum
the mayonnaise was light cream to white in colour. Addi-
tion of RBO and sesame oil darkened the product slightly
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due to the natural pigments of the oils but were not yellow.
Gopalakrishna et al. (2005), showed that the natural pig-
ments of the oil imparts a slight colour to product.

Instrumental color

L* values for control sample with egg was 72.86 while that
prepared with gum was 79.9. The total colour difference
showed a value of 17.77 the least among all the variation
studied indicating it to be the lightest. In terms of colour
the product prepared using 90:10 (RBO:SO) blend was
similar to that of the control sample with egg. Although the
lightness values varied slightly no significant differences
were observed in L* values among the blends. b* or yel-
lowness index increased significantly with an increase in
sesame oil. The total colour difference AE showed higher
values (Table 2) for mayonnaise prepared with 40% and
above ratios of sesame oil. This was also due to the fact
that natural pigments present in oil lowered emulsion sta-
bility and some amount of oil separation could be observed
in samples wherein sesame oil was above 40% (Table 1)
where stability ratio’s decreased from 88.03 to 53.69% in
the blends.

Texture/consistency measurement
Visual observations

Control mayonnaise had smell of raw oil and the formu-
lation was spoonable. Mayonnaise with RBO (100%) was
smooth, thicker in consistency than that of control sample
but without the characteristic smell of RBO. As the level of
sesame oil increased the emulsion became thinner and

pourable, the characteristic nature of the emulsion declined
and it appeared to be slimy. Also the strong flavour of
sesame became more dominant. The products at 50:50,
40:60, 30:70 and 20:80 levels of the blended oils of RBO
and SO showed slight to moderate oil separation and were
unacceptable sensorily. Samples with RBO:SO ratio’s
100:0, 90:10, 80:20 and control were considered for sen-
sory analyses.

Instrumental consistency

A spreadability rig was used to assess the spreadability of
table fats by Glibowski et al. (2008). The control sample
prepared with egg and refined oil showed a reading of
1.44 N and the product was thick spoonable, and did not
flow (Table 1). Mayonnaise prepared using xanthan gum
and refined oil (100%) was closer to that of control sample
(egg formulation, 1.44 N) but the texture measurement was
1.62 N. Mayonnaise prepared using SO (100%) was thin,
slippery and slimy, however oil separation was observed
after an hour of preparation. Mayonnaise was prepared
from the blends of RBO and SO (90:10. 80:20, 70:30,
60:40 and 50:50). 50:50 blends was found to be suitable for
mayonnaise. A good emulsion with desirable spreadability
was observed at 1.44 N in the control sample prepared with
egg. The sample with 80:20 ratio of RBO:SO was found to
be closest to that of the control sample in terms of textural
(consistency) parameters (1.362 N). Texture values in the
range of 1.2-1.6 N indicated acceptable consistency and
spreadability. Spreads with values lower than 1.0 N were
thinner in consistency and those having less than 0.6 N
were flowy. Liu et al. (2007) have reported the application
of whey protein isolate and low-methoxy pectin-based fat

Table 2 Stability test and colour measurement of mayonnaise prepared with RBO and SO

Sl  Refined Rice branoil Sesame Stability ratio (%) Instrumental colour measurement
no oil (RBO) oil (SO)
27 °C 80 °C L* a* b* AE

1 100% - - 96.48 £ 0.02¢ 90.21 + 0.14" 72.86 £ 0.11¢  1.96 & 0.028 21.98 + 2.15° 28.63 £ 2.14¢
2100 - - 98.89 + 0.12° 9548 + 0.11" 79.92 +0.13"  0.54 £ 0.12° 10.85 + 1.18* 17.77 &+ 2.31*
30 - 100 99.53 + 0.047 94.12 + 0.27% 77.28 £0.24° 0.71 £ 0.01° 22.54 +291° 25.05 & 2.39°
4 - 90 10 98.65 + 0.11° 97.13 £ 0.13'  73.39 £ 0.31¢ 0.12 £ 0.01* 25.46 £ 2.34¢ 23.64 + 2.01°
5 - 80 20 98.49 + 0.37° 96.12 + 0.15° 73.75 £ 0.12¢ 093 £ 0.01¢ 21.19 + 1.63° 23.27 £+ 2.18"
6 - 70 30 9727 £ 0.13% 9539 £ 017"  73.19 £ 0.19° 1.05 £ 0.03% 22.15 + 1.58" 23.83 + 1.98"
7 - 60 40 92.1 4+ 0.27° 88.03 + 0.41° 70.13 £ 0.34° 174 + 0217 23.66 + 1.78° 36.41 + 1.64°
8 - 50 50 89.18 & 0.32° 75.94 + 0.22¢ 69.87 + 0.28° 132 4+ 0.14° 23.94 + 2.31° 36.77 + 1.18°
9 - 40 60 5422 + 022 58.16 £ 0.37° 69.72 £ 0.15° 1.79 + 0.02° 23.11 £ 2.09° 36.37 & 1.42°
10 - 30 70 54.99 + 0.31° 55.65 £ 0.39° 68.23 £ 0.17*° 1.29 + 0.17° 23.36 £ 2.11° 28.79 + 3.01¢
1 - 20 80 54.56 + 0.18° 5544 + 0.11° 67.88 £ 0.21* 2.04 + 0.14%8 2331 £ 2.96° 37.92 + 2.52¢
12 - 10 90 54.93 + 0.14* 53.69 + 0.15* 68.54 £ 0.11*® 2.35 £ 0.02" 22.39 + 235" 36.86 & 2.63°
13 - 0 100 54.82 + 0.28* 53.18 £ 0.19* 72.61 £ 0.18% 1.66 £ 0.137 21.38 £ 2.14° 24.42 + 2.18°

*Contains egg, all the rest with xanthan gum, values in the same column with different superscripts differ significantly (p < 0.05)
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mimetics in mayonnaise, in terms of texture, their formu-
lation with pectin weak-gel as fat mimetic showed similar
texture values as those of the full fat sample.

Emulsion stability

Mayonnaise stability was determined by monitoring oil
separation and texture attributes. The stability ratio (SR) of
the prepared emulsions was carried out at 27 °C and 80 °C.
It was observed that at 27 °C for control sample the SR was
96.48, while the highest SR was observed in mayonnaise
prepared with 100% RBO, followed by 100% refined oil
and blends of RBO:SO (90:10, and 80:20). In general
xanthan gum has been reported to increase the stability of
mayonnaise and emulsions as well as its structure by the
formation of aggregates of larger size (Yilmazer and
Kokini 1992). It was observed that the SR decreased with
an increase in the level of sesame oil. No significant dif-
ferences were observed among mayonnaise samples con-
taining sesame oil above 60% with respect to SR. Samples
containing sesame oil above 60% were thinner in consis-
tency, pourable and a thin layer of oil separation could be
observed. It can be concluded that above 40% sesame oil
the stability ration declined. Mayonnaise instability is
caused due to convergence of oil droplets. An effective
way of coalescence is to avoid oil droplets from getting too
close together, e.g. generating sufficiently strong repulsive
between droplets.

In mayonnaise, oil accounts for 75% or more of the total
volume. This means that the oil droplets become distorted
from their normal, spherical shape. The close packing of
the droplets allows them to interact very strongly with one
another. It is this combination of factors that gives may-
onnaise its characteristic high viscosity. The strength of the
interactions between oil droplets depends on the van der
Waals attractions. The quality of the emulsion depends on
the right balance between these forces: too strong an
attraction will pull the droplets together causing the
aqueous phase to be squeezed out and promoting coales-
cence of the droplets. Too strong a repulsion will allow the
droplets to slip easily past one another. This was observed
when sesame oil was higher than 40%, where the emulsion
had low viscosity and was prone to ‘creaming’ as the oil
droplets settled into their minimum volume allowing the
water to drain out. Similar results have been reported by
Kiosseoglou and Sherman (1983).

Oryzanol and sesamol content
Table 3 shows the percentage of oryzanol and sesamol
content in the mayonnaise prepared with individual and

blends of both the oils. It can be seen that the percentage
of oryzanol decreased with a decrease in the RBO oil in
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Table 3 Oryzanol and Sesamol content of mayonnaise prepared with
RBO and SO

SI no Oil blend (%) Oryzanol % Sesamol %
RBO SO

1 100 - 0.91 £ 0.01° -

2 90 10 0.81 &+ 0.21" 0.08 & 0.01*
3 80 20 0.71 & 0.148 0.17 &+ 0.01*
4 70 30 0.60 + 0.38" 0.26 + 0.02°
5 60 40 0.50 &+ 0.17° 0.35 & 0.01¢
6 50 50 0.40 + 0.05¢ 0.44 + 0.10¢
7 40 60 0.30 + 0.01° 0.52 + 0.14°
8 30 70 0.20 £ 0.05° 0.61 + 0.09°
9 20 80 0.10 + 0.02° 0.70 & 0.118
10 10 90 0.09 &+ 0.01* 0.85 & 0.08"
11 - 100 - 0.88 + 0.13

Values in the same column with different superscripts differ signifi-
cantly (p < 0.05)

the blends. The consistency of 90:10 and 80:20 blends
were comparatively closer to that of the control may-
onnaise, and these had 0.813 and 0.71. 1% of oryzanol
and 0.088 and 0.176% of sesamol contents respectively.
0.5% of oryzanol is known to have hypocholesterolemic
effect in humans. Both oryzanol and sesamol are known
natural antioxidants and together they provide synergistic
health benefits. Lichtenstein et al. (1994) in his study has
concluded that consumption of a diet enriched in rice
bran oil had comparable advantages in terms of lowering
plasma lipid levels or reduce the cardiovascular risk
profile.

Rheological properties

A significantly higher viscosity was obtained from the
control formulation. This result indicates that the highest
viscosity was obtained for mayonnaise formulated with egg
yolk and this could not be achieved using xanthan gum.
Similar results have been reported by Ghoush et al (2008).
Table 4 shows the rheological data of mayonnaise samples
formulated by using various blends of oils.

For all mayonnaise samples, shear stress and shear rate
data showed nonlinear relationship. Thus, non-Newtonian
flow characteristic was observed and the flow behavior
index (n) was found to be less than unity. The power law
model was used to explain the relationship between shear
rate and apparent viscosity and all samples were found to
fit the model with high determination coefficients
(0.969-0.995). Power law, Herschel Bulkley and Casson
models have been widely used to describe the flow prop-
erties of mayonnaise and salad dressings (Ma and Barbosa-
Canovas 1995).
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Table 4 Rheological data for mayonnaise with prepared with RBO and SO

Sample Oil blend Yield stress Apparent Flow Consistency index  Correlation
- - — (mPa) viscosity behaviour (mPa s") coefficient (1)

Refined Rice bran oil  Sesame oil index

oil (RBO) (SO)
1 100* - - 6.10 = 0.23° 3.09 +0.137 029 + 0.02° 47.49 + 1.00' 0.98 £+ 0.01
2 100 - - 1143 £ 085"  1.90 + 0.03* 0.23 + 0.01° 33.36 + 1.81¢ 0.98 + 0.01
3 - 100 - 1441 £ 0.27¢  2.17 £ 0.08° 0.23 £ 0.01* 37.76 £+ 0.87" 0.99 + 0.00
4 - 90 10 970 £ 0.27° 172 +£0.18%  0.24 + 0.02° 29.51 + 1.27° 0.98 £+ 0.01
5 - 80 20 8.17 + 0429 147 £ 0.04° 0.25 £ 0.01° 23.81 &+ 1.30° 0.99 £ 0.00
6 - 70 30 757 £0.17% 153 £0.04° 0.29 + 0.00° 22.15 +£ 0.77° 0.99 + 0.00
7 - 60 40 558 £0.11° 125 +0.02° 0.32 &+ 0.00* 16.28 + 0.01¢ 0.99 + 0.00
8 - 50 50 342+ 0.17° 0.67 £0.01° 031 + 0.02° 9.00 + 0.44° 0.98 £ 0.00
9 - 40 60 1.03 £ 0.04*  0.30 £ 0.03*  0.49 =+ 0.09° 220 + 0.55° 0.96 £+ 0.02
10 - 30 70 0.78 £ 0.06° 0.27 + 0.03*  0.56 + 0.08° 1.48 + 0.34* 0.98 £+ 0.00
11 - 20 80 0.85 + 0.117  0.26 £ 0.01*  0.38 + 0.02° 2.82 £+ 0.10° 0.98 £+ 0.01
12 - 10 90 0.77 £ 0.08*  0.26 + 0.03* 0.45 & 0.04° 221 £ 0.63° 0.98 £ 0.00
13 - 0 100 297 £ 0.18°  0.64 +0.02> 0.29 + 0.01° 9.19 + 0.90° 0.98 £ 0.00

*Contains egg, all the rest with xanthan gum, values in the same column with different superscripts differ significantly (p < 0.05)

Flow behavior index (n) values of samples were in the
range of 0.23-0.56 (Table 2), and showed that all the
samples were shear thinning and the apparent viscosity
decreased with increasing shear rate. In a concentrated
emulsion, flocculation leads to the formation of a three-
dimensional network of aggregated droplets. Increasing the
shear rate causes progressive deformation and disruption of
the aggregated particles, which in turn decreases emulsion
resistance to flow and reduces its apparent viscosity (Mun
et al. 2009).

The apparent viscosity (i) of the control mayonnaise
prepared with egg was 3.09 Pa s which is the highest
among all the samples prepared. Mayonnaise prepared with
RBO alone was found to be closest to the control egg
formulation with an apparent viscosity of 2.17 Pa s. All the
other samples were less viscous. It was observed that
increasing the amount of sesame oil decreased the apparent
viscosity of the mayonnaise. A similar trend can be
observed in the instrumental texture (consistency) values
(Table 1) which shows lower values for emulsions pre-
pared with sesame oil.

The consistency index (k) Table 4, was the highest at
47.49 mPa s" for the control sample. Lee et al. (2013) have
reported that the consistency index for commercial may-
onnaise ranged between 20.60 and 64.82 mPa s". In our
studies the consistency index of the samples made with
RBO:SO blends of 90:10, 80:20, and 70:30 ranged between
22.15 and 37.76 mPa s". Mayonnaise prepared using 100%
RBO had highest consistency index values at 37.76, which
is significantly lower than that of the control. Incorporating
xanthan gum along with dietary fibre increased flour paste
viscosities and batter viscoelasticity in eggless gluten-free

muffins as reported by Singh et al (2016). Low consistency
index and high flow behaviour index (Table 4) was
observed in mayonnaise with higher amounts of sesame oil.
In other words these emulsions were of pourable consis-
tency and with decreased stability ratios as shown in
Table 2. According to a study by Rahbari et al. (2014), the
rheological results of low cholesterol mayonnaise con-
taining wheat germ protein isolate and xanthan gum as egg
substitutes showed similar characteristics to those of a
typical mayonnaise made using egg yolk.

Sensory quality/product acceptability

Preliminary sensory analysis was cartried out for all the 13
products (Table 1) prepared the panelists felt that samples
6-13 were not meeting the sensory quality required for a
mayonnaise, hence they were not considered for QDA
analysis.

Sensory analyses carried out for control mayonnaise
with egg, RBO (100%) and RBO:SO blends (90/10 and
80/20) are shown in Fig. 1. The shine and smoothness
attributes of the product showed no significant differences
among the samples. However the colour of control product
was light yellow due to egg yolk, while mayonnaise pre-
pared RBO alone and blends were cream to white in col-
our. Only marginal variations were observed in
spreadability, but significant difference was observed in
flavour, the control which contained egg yolk had a strong
egg flavour and this was absent in other samples. The
overall quality scores were highest for 100% RBO may-
onnaise followed by 90/10. RBO:SO (80/20) was closer to
that of control only due to the low scores of flavour profile
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Overall Quality Colour
Offtaste Smoothness
Mouthfeel Spreadability
Flavour
—— Control 100/0 90/10 - = 80/20

*(Control: with egg yolk; others with xanthan gum (RBO: SO - 90/10, 80/20)

Fig. 1 Sensory analysis of mayonnaise with rice bran oil and sesame
oil. *(Control: with egg yolk; others with xanthan gum (RBO:SO—
90/10, 80/20)

(egg smell) and not due to the other attributes of
mayonnaise.

Conclusion

Rice bran oil (100%) or a blend of rice bran and sesame
oils (90:10, 80:20) were used as major ingredients in
preparation of a mayonnaise in which xanthan gum was
used as an egg yolk substitute. Added advantages of the
new formulation are the health benefits provided by the
presence of nutraceuticals mainly oryzanol and sesamol in
rice bran and sesame oils. The mayonnaise with added
health benefits associated with RBO and SO was much
preferred than control, as these products had high sensory
overall acceptability scores. Thus a healthy mayonnaise
was formulated and standardized.
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