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Abstract:

The purpose of this study was to increase the nutritional value and health
benefits of mayonnaise made by using peanuts and sesame oils. In this study,
samples of peanuts and sesame oils were analyzed to measure fatty acid composi-
tions and to evaluate the effects of heating time at (180°C + 5°C) up to 16 hours
on the oxidative stability by UV-spectrum. The sensorial properties such as (gen-
eral shape, smell, color, taste, texture, smoothness, overall acceptance) were stud-
ied for the mayonnaise made by different oils. Quantitatively, the percentage of
fatty acids in peanuts and sesame oils were (9.94-12.11%) for palmitic acid,
(32.88—47.60%) linoleic acid, (0.08—4.99%) linolenic acid, (3.97-5.77%) stearic
acid, (30.60-41.07%) oleic acid, (ND-1.93%) arachidic acid, (0.09-0.22%)
palmitoleic acid, (0.43—-1.31%) gadoleic acid, (0.61-4.16%) behenic acid, (ND-
1.95%) legnoceric acid, and (0.03—0.09%) for myristic acid. The UV spectrum at
200-400 nm showed obviously difference between peanut and sesame oils. The
main difference of both oils spectrum was between 256 and 310 nm, while pea-
nut oil had a small peak in this region (17 % of total peanut oil peaks area). The
sesame oil had a high peak in such region (58 % of total sesame oil peaks area).
According to the sensorial evaluation results, it could be demonstrated that may-
onnaise made by using peanut oil was acceptable. These sensorial results could
be considered in the manufacturing processes.
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Introduction:

Mayonnaise is one of the wide-
spread appetizers demand in recent. It
is an important source of protein, fat,
fat soluble vitamins as it contains 70-
80% vegetable oil (Savage and De-
pree, 2001). Mayonnaise is defined
according to The Agency for Food
and Drug Administration (FDA) as an
emulsion food and is produced from
plant edible oil, vinegar, lemon, egg

yolks, salt, sugar, mustard and some
natural spices. Vegetable oils used in
mayonnaise usually are corn, sun
flower, olive and soy bean is the
cheapest. There are many studies of
mayonnaise applications in food
processes and medical treatments as
(Rahmati et al., 2014; Rahbari et al.,
2015; Shinn et al., 2016). Pro-
oxidative effect of fresh and freeze-
dried vegetables during storage and
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the anti-oxidative effect of purple
corn extracts during storage of may-
onnaise had been studied (Le et al.,
2014; Raikos et al., 2015). Oils and
fats are the essential materials for
margarine, shortening, salad oil, and
other specialty or tailored products,
which have become significant ingre-
dients in food preparation or process-
ing in homes, restaurants, or food
manufacturers. The majority of the
edible oils and fats produced world-
wide annually is derived from plant
sources and is referred as vegetable
oils (Lemuel and Tianying, 2014).
The cultivated peanut (Arachis
hypogaea L.) is an important annual
oilseed crop planted as a food group
throughout the world (Jeffrey et al.,
2013). Sesame oil is derived from the
plant species (Sesamum indicumlL.) a
herbaceous annual belonging to the
Pedaliaceae family. The main con-
stituents of these oils include fatty
acids, lignans, and antioxidants, such
as tocopherol (Dur-Zong et al., 2013).
Oils are rich source of unsaturated
fatty acids. The use of natural com-
ponents in reducing cardiovascular
diseases and cancer mortality has
gained considerable attention. Lipid
components greatly contribute to the
nutritional and sensory value of al-
most all types of foods. Nature pro-
vides a large number of fats that dif-
fer in their chemical and functional
properties. Four classes of lipids are
habitually found in vegetable oils:
triacylglycerols, diacylglycerols, po-
lar lipids, and free fatty acids. The
fatty acid composition determines the
physical properties, stability, and nu-
tritional value of lipids. The most
naturally occurring storage lipids are
triacylglycerols. Triacylglycerols are
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natural compounds that consist of
saturated and unsaturated fatty acids
that differ in the length of their acyl
chains and the number and positions
of double bonds: saturated, monoe-
noic, and polyunsaturated fatty acids
that differ with respect to detailed
fatty acid composition. Monoenoic
fatty acids and polyunsaturated fatty
acids are structurally distinguished by
the presence of repeating methylene
units. These units produce an ex-
tremely flexible chain that rapidly re-
orients through conformational states
and constitutes an influential group of
molecules that promote health (Ro-
kayya et al., 2013).

Oil oxidation is an autocatalytic
reaction generating hydroperoxides
from unsaturated acylglycerols. Oxi-
dation of polyunsaturated food lipids
often affect on development of un-
pleasant tastes and odors, characteris-
tic of rancid fats and oils, as well as
degradation of functional and nutri-
tional properties. Lipid oxidation can
directly reflect shelf life of a product.
Environmental factors, such as air,
light and temperature, accelerate oxi-
dative reactions which might end in
the production of off-flavors and
odors associated with low molecular
weight volatiles, discoloration
(Navarro et al., 2012). Also, oxida-
tion induces important chemical
changes of the oils that may affect
directly the quality of the edible oil,
generates radical oxygen species that
may cause irreversible damages when
reacting with biological molecules
such as DNA, proteins or lipids
(Bansal et al., 2010; Cabiscol et al.,
2010). Lipid oxidation has harmful
effects on both food quality and hu-
man health. Efforts must be made to
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minimize oxidation and improve oxi-
dative stability of lipid products. The
kind of oils and their oxidative stabil-
ity are very important indicators
which can help to know how long oils
can be used.

The aim of the present study
was to investigate and compare fatty
acids composition in peanut and ses-
ame oils. The degradation of oxidized
oils was also investigated. In addi-
tion, study the supplementation of
different edible oils with mayonnaise
and its relationship with the sensorial
evaluation.

Materials and Methods:

Samples and reagents:

Difterent oils, egg, vinegar, salt,
sugar, and mustard were provided
from a local supermarket (Taif, King-
dom of Saudi Arabia). Xanthan, guar
gum and fatty acid methyl ester
(FAME) standards were purchased
from Sigma (St. Louis, MO, USA).
All solvents were of reagent grade
and purchased from Sigma Chemical
Co. (St Louis, MO, USA) and were
used without any further purification.
Analysis of Fatty Acids Composi-
tion:

The fatty acids methyl esters
(FAMESs) were prepared by the fol-
lowing two steps: (1) oils were
saponified with 0.5 M KOH; (2) later
methylated with 40% BF3 in metha-
nol (L1 et al., 2012). Gas chromatog-
raphy mass spectrometry (GC/MS)
analysis was carried out with an
Agilent 6890- 5973 (Agilent Tech-
nologies, CA, USA) instrument.
Separating procedure was achieved
on an Agilent HP-88 capillary col-
umn (100x0.25 mm i.d., film thick-
ness 0.2 um). The operating condi-
tions were as follows: carrier gas
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pressure, 100 kPa; carrier gas, he-
lium; split ratio was 1:30; injection
temperature, 250°C; scanning scope:
50- 550 amu; ionization voltage: 70
eV. Oven temperature was pro-
grammed as follows: held at 80°C for
5 min, and then rising to 150°C at
10°C /min, and held for 2 min at
150°C; then continuously rising to
230°C at 5°C /min and held for 10
min. The individual fatty acids were
identified and quantified by compar-
ing their retention times with external
standards.

Oxidative Stability Assay:

Approximately 250 ml of oil
were placed in glass beaker and sub-
jected to heating on an electric hot-
plate device, stirring manually with a
glass rod. The temperature was meas-
ured using a thermometer to keep
temperature within (180° + 5°C)
level. Samples took every two hours
up to the end of heating period after
16 hours. About 0.1 g of the oil was
accurately weighed, dissolved in hex-
ane and transferred quantitatively to a
50 ml glass-stoppered volumetric
flask. The absorbance was measured
at 221 nm for hydroxynonenal, 245
nm for malonaldehyde, at 290 nm for
acetaldehyde and 268-270 nm for
conjugated triene formations, respec-
tively by (Shimadzu UV-1601 PC,
UV-Visible, China) spectrophotome-
ter (Bohnstedt, 2005).

Sensorial Evaluation:

Mayonnaise model emulsions
were prepared as samples of high oil
emulsions with different oils (sun
flower, peanut, soy, olive, camellia,
sesame and rice bran). Mayonnaise
ingredients were oil 68 %, egg yolk
10 %, vinegar 7.9 %, xanthan 0.15 %,
guar 0.15 %, water 10 %, sugar 3 %,
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salt 0.5 % and mustard 0.3 % (Kobra
et al., 2014). To prepare different
mayonnaises types; first, powder
ingredients (salt, sugar, xanthan, guar,
and mustard), water, and egg yolk
were mixed with stirrer for 4 min at
800 rpm. Then 1/3 of vinegar was
added and mixed for 2 min with the
same speed. Then different oils were
added slowly in 8 min at 1,100 rpm
into aqueous phase. The rest of the
vinegar was poured (2/3 of vinegar)
and mixed for 2 other minutes. Then
this pre—emulsion was homogenized
with the stirrer operating at 1,500 rpm
for 7 min.

Sensorial evaluation of the
mayonnaise samples was took place
in the community Department of Nu-
trition and Food Science, Taif Uni-
versity by 50 panelists. The panelists
completed their evaluations during
their scheduled appointment times
between 10:00 am and 12:00 am
(Sharareh et al., 2015). The re-
searcher collected the signed consent
forms. Participants were informed
that the mayonnaise contained control
(sun flower oil), peanut, soy, olive,
camellia, sesame and rice bran oils,
respectively. Panelists were asked not
to communicate with each other until
the evaluation was complete. Each
participant was given seven samples
of mayonnaise in random order, a
pen, and a cup of water, which they
were instructed to rinse their mouth
between each tasting. Mayonnaise
samples were placed in uniform plas-
tic cups and served with a separate
plastic spoon to ensure no carryover
of sensory properties. Panelists were
given uniform amounts of each sam-
ple approximately 45 ml and were
asked to evaluate (general shape,
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smell, color, taste, textures, smooth-
ness, overall acceptability) of each
sample for general shape (25 points),
smell (10 points), color (10 points),
taste (10 points), textures (10 points),
smoothness (10 points), overall (25
points) and Total scores (100).
Statistical Analysis:

Data from the replications of all
samples were subjected to a variance
analysis (ANOVA) using SPSS 16.0
for Windows. Significant differences
between the means were determined
by Duncan’s new multiple range test
(P < 0.05). The correlation between
the sensorial evaluations of the dif-
ferent edible oils mayonnaise was de-
termined by the principal component
analysis (PCA) using XLSTAT soft-
ware.

Results and Discussion:
Fatty Acids Analysis Composition

The fatty acids composition of
peanut and sesame oils is presented in
(Table 1). An examination of FAME
derivatives showed twelve fatty acids.
The total saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA),
and polyunsaturated fatty acids
(PUFA) showed significant variation
in their contents. Linoleic acid
(32.88—47.60%) was the major fatty
acid; linoleic acid is a doubly unsatu-
rated fatty acid, occurring widely in
plant glycosides. It is an essential
fatty acid in mammalian nutrition and
is used in the biosynthesis of pros-
taglandins and cell membranes
(Ildiko et al., 2015). The next most
common fatty acid was oleic acid
(30.60—41.07%), which was most
abundant in peanut oil, followed by
palmitic acid (9.94-12.11%), stearic
acid (3.97-5.77%) behenic acid
(0.61-4.16%), gadoleic acid (0.43—
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1.31%), linolenic acid (0.08—4.99%),
palmitoleic  acid  (0.09-0.22%),
legnoceric acid (ND-1.95%), ara-
chidic acid (ND-1.93%) and myristic
acid (0.03-0.09%). Similar fatty acid
profiles for these oils have been also
shown in several studies (Reena and
Lokesh, 2007; Sharif et al., 2009).
The present study proved that peanut

and sesame oils are sources of bene-
ficial fatty acids such as the polyun-
saturated fatty acids. It has become
increasingly popular in the cosmetics
industry because of its beneficial
properties on the skin, including anti-
inflammatory, acne-reduluction, and
moisture-retention properties (Darm-
stadt et al., 2002).

Table 1. Fatty acids composition of peanut and sesame oils

Fatty acid Sesame Oil Peanut Oil
Myristic acid  (C14:0) 0.09+0.02¢ 0.03+0.01a
Palmitic acid  (C16:0) 9.94+0.13a 12.11+0.10c
Palmitoleic acid (C16:1) 0.22+0.03c 0.09+£0.01a
Stearic acid  (C18:0) 5.77+0.05¢ 3.97+0.11d
Oleic acid (C18:1) 30.60+0.24b 41.07+0.57d
Linoleic acid (C18:2) 47.60+0.38d 32.88+0.35b
Linolenic acid (C18:3) 4.99+0.11e 0.08+0.01a
Arachidic acid (C20:0) 0.30+=0.01a 1.93+0.04c
Gadoleic acid  (C20:1) 0.43+0.03b 1.31+0.04d
Arachidic acid (C20:2) N.D. 0.03+0.01a
Behenic acid  (C22:0) 0.61+£0.02b 4.16+0.09¢
Lignoceric acid (C24:0) N.D. 1.95+0.04a
Total SFA 16.71+0.12a 24.41+0.06f
Total MUFA 31.25+0.33b 42.49+0.25d
Total PUFA 52.59+0.47d 33.12+0.12b

Estimation of Oxidative Stability Re-
sults

Figs. (1-5) show the effect of
heating time on hydroxynonenal (at
221 nm), conjugated diene (at 232-
234 nm), malonaldehyde (at 245 nm),
conjugated triene (at 268-270 nm)
and acetaldehyde (at 290 nm) forma-
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tion in peanut and sesame oils. The
data revealed that all hydroxynone-
nal, conjugated diene, malonalde-
hyde, conjugated triene, and acetal-
dehyde steady increased during heat-
ing time up to 16 hours at 180°C +
5°C.
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Fig. 1. Effect of heating time on hydroxynonenal formation
The initial value of hy- most researchers measured both con-

droxynonenal at 221 nm of peanut
and sesame oils was 1.17 and 1.11
increased to 1.97 and 2.02, respec-
tively, after 6 hours of heating at
180°C £ 5°C, this value approxi-
mately stable or slightly increased
during next four hours of heating
time, then elevated gradually to reach
2.57 and 2.68 after 16 hours of heat-

10

jugated diene and triene in different
crude or refined edible oils, but they
focused only on measurement of al-
terations during heating, frying or
storing of different edible oils on con-
jugated diene at 232-234 nm, that
could be due to the alterations on this
UV region which is very clear and
not overlapping with other cromo-

Absorptionat232 nm

ing for peanut and sesame oils, re- phore groups of UV spectrum.
spectively (Fig. 1). From literature,
6 /
0 2 4 6 8 10 12 14 16 18
Time hr

Peanut oil

—¢— Sesame oil

Fig. 2. Effect of heating time on conjugated diene formation.
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Fig. 3. Effect of heating time on conjugated triene formation

The same trend was noticed for
conjugated diene at 232-234 nm but it
shows sharp increment during first 2
hours of heating at 180°C = 5°C,
(from 2.96 and 2.41 to 6.77 and 6.55)
for peanut and sesame oils, respec-
tively, then continued gradually in-
creased to 9.18 and 9.08 at the end of
heating time after 16 hours, for pea-
nut and sesame oils, respectively
(Figs. 2, 3). According to Bird and
Draper (1984), malonaldehyde for-
mation determined by measured ab-
sorption at 245 nm. (Fig. 4) shows the

effect of heating time on malonalde-
hyde formation of peanut and sesame
oils. It reached to the highest after 16
hour as 19.50 and 19.88, for peanut
and sesame oils, respectively. The
values of absorption at 245 nm could
be due to the formation of other sec-
ondary oxidation products produced
by decomposition of peroxides or hy-
droperoxides formed in oil oxidation
process, therefore this UV region may
be helpful for lipid oxidation moni-
toring.

/‘

: e

Absorption at270 nm
) I

10 12 14 16 18

Time hr

Peanut oil

—4&— Sesame oil |

Fig. 4. Effect of heating time on malonaldehyde formation
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(Fig. 5) shows the effect of heat-
ing time on acetaldehyde formation
of peanut and sesame oils. The acet-
aldehyde value increased slightly
within first four hours of heating pe-
riod, afterward gradually increased up
to 12 hours of heating at 180°C =+
5°C, followed by sharp increment due
to peroxides and hydroperoxides de-

compose into secondary oxidation
products mainly aldehydes. The ini-
tial value of acetaldehyde in sesame
oil was higher than such value in
peanut oil, that could be due to over-
lapping between acetaldehyde cro-
mophore group and phenolic com-
pound cromophore groups.

8

i
—/

—

Absorption at 290 nm

4 6 8

10

Time hr

12 14 16 18

Peanut oil —&— Sesame oil ‘

Fig. 5. Effect of heating time on acetaldehyde formation

Sensory Evaluation of Mayonnaise
The sensory properties of may-
onnaise made by different oils such as
general shape, smell, color, taste, tex-
ture, smoothness and overall accep-
tance are shown in (Table 2). Control
sample showed the least acceptance
value in comparison with the other
samples may be due to the boredom
of the usual form of mayonnaise. In

the case of using sesame and olive
oils in mayonnaise showed lower
score when focusing on the general
shape, respectively. The taste of may-
onnaise made by sesame oil gave
lower score than the other samples.
According to total overall acceptabil-
ity scores, it can be concluded that
using peanut oil in mayonnaise was
the most acceptable.

Table 2. Sensorial evaluation of mayonnaise types

Control Peanut Soy Olive Camellia Sesame Rice bran
General shape 24.36+1.50a|24.1842.62ab|23.82+2.88ab|22.72+5.10b(24.04+2.72ab|22.92+4.19ab| 23.96+3. 14ab
Smell 9.54+1.03ab|9.52+1.11ab |9.32+1.17ab |9.46+1.22ab[9.62+0.81a |9.10+1.52b  [9.50+1.02ab
Taste 9.16+1.80a [9.28+1.81a |9.44+1.64a |8.90+2.27a |9.32+1.70a |8.84+£2.28a |9.14+1.81a
Color 9.48+1.20a [9.56+0.86a |9.20+1.40ab |9.12+1.80ab|9.46+1.16a  |8.80+£2.17b  |9.60+0.86a
Texture 9.72+0.78a [9.78+0.65a |9.60+1.09a |9.66+0.75a |9.48+1.20a |9.44+1.64a |9.74+0.69a
Smoothness 9.84+0.62ab|9.92+0.27a  [9.58+0.95ab |9.42+1.30b |9.62+1.03ab |9.70+1.45ab [9.78+0.68ab
Overall acceptance|20.14+1.73b|24.04+2.69a [23.62+2.92a |23.52+2.88a|23.96+2.55a |23.2843.52a |23.84+2.81a
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(Figs. 6 and 7) present the plots
of the scores and the correlation load-
ings of the PCA, respectively. The
scores plot of PCA illustrates the
large variability of the seven different
oils on the basis of their sensorial
evaluation in mayonnaise. The load-
ings are the coefficients of the origi-
nal variables that define each princi-
pal component. Inertia percentage
and correlated variables for axes 1
and 2 are displayed in (Table 3). Axes
1 explained 54.67% of the total iner-
tia. Axes 2 explained 17.96% of the

inertia and was made positive by
overall, taste, general shape and
color. The inertia was made nega-
tively by smoothness. Plots of the
scores in (Fig. 6) indicates that the
data cloud was mainly bidimensional.
With respect to the explanatory vari-
ables, (Fig. 7) shows three clusters of
oils. The first cluster included the
camellia, rice bran and peanut oils.
The second cluster included the olive
and soy oils. The third cluster (con-
trol and sesame oils) were individual-
1zed.

Variables (axes F1 and F2: 72.62 %)
1 —
L 3
0.75 Overall
Color
0.5 T L
Smell
—~ 0.25 T
X Taste
(-]
iy 0 : | : = : '
(=) General shape
2 025 + *
Textures
05 + ¢
Smoothness
-0.75 T
-1
-1 -0.75 -05 -025 O 0.25 05 0.75 1
F1(54.66 %)
Fig. 6. Plots of the sensory evaluation scores
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Observations (axes F1 and F2: 72.62 %)
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Rice bran Peanut
., @ )

& [
sesame

F2 (17.96 %)

-1

0
F1 (54.66 %)

antrol

1 2 3 4

Fig. 7. Plots of the x-loudings

Table 3. Discriminate variables factors
of principal components analysis

of the sensory evaluation

F1 F2

Proper value 3.83 1.26
Variability (%) 54.67 17.96
Cumulative (%) 54.67 72.62
General shape +22.84 | +0.06
Smell +16.05 | +5.08
Taste +24.02 | +1.62
Color +12.19 | +19.17
Texture +12.57 -4.01
Smoothness +10.99 | -17.41
Overall -1.35 +52.65
Conclution:

Based on our data, the fatty acid
results were in agreement with the
literature. Sesame oil proved higher
inhibition on the oxidation stability
than peanut oil. In the case of the sen-
sorial evaluation, using peanut oil in
mayonnaise was acceptable.
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