Journal of Food Measurement and Characterization (2019) 13:26-33
https://doi.org/10.1007/511694-018-9915-0

ORIGINAL PAPER

@ CrossMark

Oxidative and physical stability, rheological properties and sensory
characteristics of ‘salad dressing’ samples formulated with flaxseed oil
and n-OSA starch

Afsaneh Dehghan Manshadi' - Seyed Hadi Peighambardoust’® - Sodeif Azadmard-Damirchi' - Mehrdad Niakosari?

Received: 21 January 2018 / Accepted: 29 August 2018 / Published online: 8 September 2018
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract

Flaxseed oil is one of the richest sources of Omega-3. This work was aimed at evaluating the physical qualities, sensory
properties and the stability of a formulation for salad dressing characterized by a partial enrichment with flaxseed oil upon
refrigerated storage. Samples were stabilized by n-OSA starch and sodium caseinate, and they were comparable with samples
which had egg yolk only. All formulated dressings appeared as a weak gel-like structure with strong shear thinning behavior.
The experimental data was fitted with the power-law model for all samples. The samples showed various degrees of oxidative
stability after 90 days of storage. Salad dressings containing n-OSA starch and sodium caseinate (samples 1-4) exhibited
a small phase separation at the bottom of the tubes in the third month of storage, while no oiling-off was observed. In the
presence of egg yolk (sample 5), a higher stability was observed with no phase separation or oiling-off. When there was 5%
(w/w) flaxseed oil, a higher sensory quality was obtained in general. Increasing the percentage of flaxseed oil replacement
in salad dressings and prolonging the storage time led to a decrease in the L factor. Salad dressings could be enriched aptly
with flaxseed oil emulsions (while being stabilized by n-OSA starch and caseinate).
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Introduction

Flaxseed oil is rich in essential polyunsaturated fatty acids
(PUFAs), and it contains mainly omega-3 fatty acids which
are known to possess a variety of health benefits [1]. Now-
adays, the beneficial effect of consuming omega-3 fatty
acids is common knowledge. A diet enriched with omega-3
PUFAs can effectively contribute to the prevention of coro-
nary artery diseases (arteriosclerosis), arthritis, hyperten-
sion, cardiovascular and immune response disorders, besides
reducing the risks of stroke and cancer [2, 3]. Therefore, the
high content of PUFAs in flaxseed oil can make it useful for
dietary supplementation in foods. Nevertheless, oils that are
rich in PUFAs are susceptible to oxidation during processing
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and storage, and this can lead to a reduction in shelf life and
nutritional quality, along with the occurrence of undesirable
changes in the flavor and appearance [4, 5].

In recent years, salad dressings have received growing
attention in the food industry due to the increase in consumer
demand for salads [6]. Salad dressings have a unique taste
and a creaminess which, when added to salads, can improve
marketability among consumers [6]. The salad dressing is a
low-pH oil in a water emulsion. It consists of three different
components: oil (the dispersed phase), vinegar (the continu-
ous phase) and egg yolk as an emulsifier at the interface [7].

As in the case of all foods which contain high amounts
of oil, salad dressing is susceptible to deterioration due to
auto-oxidation of the unsaturated fatty acids in the oil. Thus,
previous studies have used n-octenylsuccinate-derivatized
(n-OSA) starch and caseinate as good emulsifiers and sta-
bilizer agents in the formulation of salad dressing. Proteins
and polysaccharides are used safely for reducing the oxida-
tive stability of oil-in-water emulsions, while changing the
interface properties of the emulsion droplet, [§—10]. Previ-
ous cases of research have shown that oil droplets, coated
with protein-polysaccharide complexes, have better physical
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and oxidative stability [11]. Protein-coated droplets can be
enriched by adding a polysaccharide that adsorbs onto the
droplet surface and creates a protective layer, thereby pre-
venting the droplets from approaching each other and form-
ing aggregates [12, 13]. The n-OSA starch is an octenyl-
succinate-derived starch which has also been widely used
for increasing the physicochemical stability of emulsions
when compared to other polysaccharides. It is a modified
starch with some side chains of lipophilic succinic acid with
good emulsifying properties, which promotes good oil reten-
tion [14, 15]. On the other hand, sodium caseinate is able
to prevent lipid oxidation in emulsions when it is either at
the surface of the emulsion droplet or in the aqueous phase
[16]. The droplet stability against aggregation is known to
increase by increasing the repulsive colloidal interactions
between the droplets, thereby lowering interfacial tensions
and forming protective membranes around the oil [17].
These materials are considered to be ideal for the protection
of lipid droplets, as they fulfill the roles of both surface and
active agents [18].

Considering these aspects, the objective of this study is
to evaluate the effect of refrigerated storage on the stability,
rheological properties, color and sensory characteristics of a
salad dressing supplemented with flaxseed oil. Furthermore,
we prepared and applied formulations using n-OSA starch
and sodium caseinate as emulsifying/stabilizing agents to
replace the lecithin in egg yolk.

Materials and methods
Materials

The oil of flaxseed (Linum usitatissimum L.) was extracted
by the cold press method and the fatty acids were identified
by Gas chromatography-flame ionization detector (GC-FID)
(B420A, BEIFEN, China). According to previous experi-
ments, the cold press method can yield oil with a high per-
centage of ®-3 and w-6 fatty acids and, in terms of peroxide
and acid values, it yields the highest oil quality compared
to the methods of solvent extraction and ultrasonic assisted-
extraction. All chemicals and external standards for the
identification of volatile oxidation products were purchased
from either Sigma-Aldrich, Steinheim, Germany, or Merck,
Darmstadt, Germany.

Preparation of flaxseed oil enriched salad dressings

Salad dressing formulations for each sample were firstly
optimized with trial and error, then the best formulation
for each sample was used (Table 1) and salad dressing
was produced for next experiments. Starch can be modi-
fied to improve its properties and tolerance to processing

Table 1 Salad dressing formulations

Ingredients % w/w

Formulation SD1* SD2 SD3 SDh4 SD5
Sunflower oil 35 - 30 25 25
Flaxseed oil - 35 5 10 10
Vinegar 8 8 8 8 8
n-OSA starch 5.8 5.8 5.8 5.8 -
Caseinate 29 2.9 29 2.9 -
Egg yolk - - - - 8.7
Corn starch 4 4 4 4 4
Sugar 12 12 12 12 12
Salt 1.7 1.7 1.7 1.7 1.7
Seasonings & spices 0.6 0.6 0.6 0.6 0.6
Water 30 30 30 30 30
4Salad dressing

conditions. The physical modification of starch can include
procedures such as pregelatinization which can be used
safely since chemicals are not involved therein [19]. Already,
the application of pregelatinized corn starch has enabled
enhancements in cold-prepared food emulsions with a
wide range of textural and rheological properties [20]. In
this study, the corn starch was pregelatinized by heating.
The n-octenyl succinate starch (n-OSA starch) and sodium
caseinate were dissolved in water with a slow stirring of a
propeller-type mechanical stirrer for at least 4 h. This was
to ensure a complete dissolution of the water phase in the
emulsion. The oil was mixed into the water phase using a
high speed mixer (National, Japan), and then the vinegar and
pregelatinized corn starch were added during the mixing.
The full-sunflower oil (sample 1) and full-flaxseed oil (sam-
ples 2) salad dressing formulations were prepared. The other
samples were prepared by replacing the sunflower oil with
the flaxseed oil at 14.28% w/w (sample 3) and 28.57% w/w
(sample 4) of total oil (35%). These amounts are equivalent
to 5% and 10% (w/w) flaxseed oil weight in the formulations.
We added egg yolk (8.7%) to sample 5 to study its effect
on the textural properties of salad dressings, compared to
those formulations enriched with n-OSA starch and sodium
caseinate. Dressings were stored in closed glass jars in a dark
place at 5 °C for a maximum period of 90 days. The samples
were analyzed after intervals of 1, 30, 60 and 90 days. All
experiments on salad dressing were done in two replications.

Sensory evaluation

Five salad dressing formulations were prepared according
to Table 1. The sensory evaluation was performed using a
Quantitative Descriptive Analysis (QDA) test [21] by at least
ten trained panelists on refrigerated samples on days 1, 30,
60 and 90. Samples were served in a randomized order with
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lettuce and water. Several sensory attributes were assessed
by panelists, including the taste, viscosity, color, texture and
overall quality, using the hedonic scales. A descriptive scale
from 1 to 5 for each attribute was used in the QDA test
(Table 2). Before sensory evaluation, the meaning of attrib-
utes was explained to the panelists to avoid any misinter-
pretation. Panelists were also asked to read the instructions
and answer the questionnaire. Sample 1, among the samples
of salad dressing (SD), served as the reference sample. For
each attribute, the scores given by the panelists were aver-
aged, and the total of each four attribute was calculated on
each sampling day.

Peroxide test

An amount of 0.3 ml salad dressing was mixed with 1.5 ml
of isooctane/2-propanol solvent (3:1, v/v), vortexed (high
speed) three times, each time for 10 s, followed by 2 min
centrifugation at 3600xg (SW14R, Froilabo, Meyzieu,
France). The nitrogen stream was used for evaporating the
solvent and purified the lower layer of the extracted oil. The
PV of oil samples was measured by means of a spectropho-
tometric device at 500 nm by an UV-VIS instrument (VIS-
7220G/UV-9200, Rayleigh, China) after 5 min of incubation
at room temperature. To prepare the iron(II) chloride solu-
tion, 0.4 g barium chloride was dissolved in 50 ml water
inside an Erlenmeyer flask. This solution was added slowly
to an iron(II) sulfate solution (0.5 g FeSO,-7H,0 dissolved
in 50 ml water), and the mixture was stirred constantly. An
amount of 2 ml of 10 M HCI was added to the resulting
solution. The barium sulfate precipitate was filtered off to
give a clear iron(I) solution, which was stored in a brown
bottle and kept in the dark. To prepare the ammonium thio-
cyanate solution, 30 g ammonium thiocyanate was dissolved
in water until the volume reached 100 ml. To determine
the peroxide value, the organic solvent phase (0.2 ml) was
mixed with 2.8 ml methanol/1-butanol (2:1, v/v) on a vor-
tex mixer for 2—-4 s. The ammonium thiocyanate solution
(50 pl) was added, and the sample was mixed on a vortex
mixer for 2—4 s. Then, 50 pl iron(II) solution was added, and
the sample was mixed on a mixer for 2—4 s. Hydroperoxide

Table 2 Descriptive scale of each attribute in QDA study

Attribute Definition

Taste Sour taste of vinegar
Taste of flaxseed oil

Viscosity Very thin to very thick

Color White to yellow

Texture Fat layer in the mouth

Overall quality Bad to excellent
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concentrations were evaluated using the Fé; standard curve
with the iron concentration varying from 1 to 25 ug [22].

The physical stability of the salad dressing

Salad dressing samples (10 ml) were placed in sealed plastic
tubes, which were stored at 5 °C for 90 days. Samples were
visually evaluated in terms of phase separation and oiling-off
or creaming [23].

Rheological measurements

Rheological tests were performed using a rotary viscom-
eter (Brookfield, DV-II + Pro model). The instrument was
equipped with a cone and plate geometry with a gap of
1 mm. The viscosities were subjected to duplicate measure-
ments and were determined at a probe speed of 1-50 rpm at
20 °C. The rheological properties of food materials can be
described by a number rheological models, and the Power-
Law model is one which is used in many non-Newtonian
liquid foods. The Power-Law equation is as follows:

T =xA" €Y
where 7 is the shear stress (Pa), v is the shear rate (1/s), K
is the consistency coefficient (Pas) and # is the flow behav-
ior index. In this work, this model was used so as to fit the
results obtained from the steady shear experiments.

Color measurements

Samples of salad dressing were stored at room tempera-
ture (20 °C) and their color was measured after 1, 30, 60
and 90 days following the beginning of storage. Color was
measured in three parameters L*, a*, b* system, based on
computed image analysis. The salad dressing pictures were
taken using a digital camera with 5.0 megapixel resolution
and were transferred to a computer. Color parameters were
determined using Photoshop CS5 version 12.0 [24].

The color changes during storage are expressed as AE
with the color of the fresh salad dressing measured on the
same day as a reference sample [25]. AE is the total color
change calculated according to the following equation:

ME= (L - L)+ (@ - @) + (b5 )P @

where L;, a;, and b; are the color parameters of the control
samples, the L, a’l‘ and bj‘ are the color parameters of salad
dressing during the period of storage.

Statistical analysis

Each result was reported as the mean value + standard devia-
tion using the SPSS software (ver. 22, IBM, New York).
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An Analysis of variance (ANOVA) was performed using
the general linear models procedure to determine significant
differences among the samples. Mean values were subjected
to Duncan’s multiple range tests (p < 0.05). All experiments
were carried out two times.

Results and discussion
Physicochemical properties of flaxseed oil

The extracted flaxseed oil was viscous, dark yellow and lig-
uid at room temperature. Linolenic, linoleic and oleic acids
were the main fatty acids (51.28, 17.80 and 20.35%, respec-
tively) which were identified by GC-FID in the flaxseed oil.
The peroxide value of flaxseed oil was 0.568 mEq peroxide/
kg oil, which is lower than the maximum acceptable level
(2 and 5 mEq/kg of solid fats and liquid oils, respectively)
recommended by Horwitz et al. [26].

Sensory evaluation
Table 2 shows the descriptive ratings of sensory attributes

for the salad dressing when assessed under organoleptic
evaluation. These attributes were transformed to numeric

scores ranging from 1 to 5. The results in Table 3 indicate
that sample 3 (which contained 5% flaxseed oil) had a sig-
nificantly higher score (p <0.05) in terms of taste and vis-
cosity, compared to those of other samples, while samples
1 and 5 imparted a poorer taste and showed a lower score
of viscosity. Regarding the taste of the salad dressing, the
superiority of sample 3 over other samples was probably due
to the addition of an appropriate level of flaxseed oil, which
contributed to the masking of the aroma and taste of ace-
tic acid. The egg aroma in sample 5 was pronounced, even
on the first day of the experiment, and its score decreased
slightly from 1.6 to 1.3 during 90 days of storage. The use
of n-OSA starch and caseinate, as emulsifiers, did not affect
the intensities of taste and flavor attributes in a negative
manner. Samples 1 and 5 had lower viscosity scores, which
were unfavorable for salad dressing. The shear thinning char-
acteristics can benefit organoleptic properties by releasing
taste and viscosity in food products, thereby promoting their
mixability, pumpability and flowability which are important
factors for the design of flow systems [27].

With respect to the colors of the salad dressing, samples
3 and 4 (which contained 5 and 10% flaxseed oil, respec-
tively) were preferred by panelists since the samples had
white color. Samples 1 and 2 showed lower color scores
compared to other samples. In sample 2, adding a higher

Table 3 Changes in sensory

N Formulations
characterization of salad

Storage days

Salad dressing sensory analysis

dressings during storage Taste Viscosity Color Texture Overall quality
0 1.6£0.69°  1.7+0.82°%% 17+0.82° 29+0.87% 2.3+0.480
SD1 30 1.5+40.70°  1.7+0.67°%" 194056 29+0.73" 2.1+0.87>%
60 144051 1.5+0.70°"% 174067 27+0.94® 224103
90 1.5+0.70°  1.2+0.428 1.5+0.52% 2.4+0.96"° 1.7+0.82°%
0 1.840.63%°  26+1.07°% 1.7+048* 24+1.07% 1.8+0.78%
SD2 30 1.7+40.82%  1.7+0.82°%f 174067 2.1+0.87% 1.9+0.73°%
60 1.7+40.82%  1.7+0.82°%f 154070 2.0+0.81°* 1.9+0.87°%
90 1.6+0.69°  1.3+048%  13+048 1.7+0.82° 1.5+0.70°
0 3.0+£0.66°  3.4+1.07 3.5+1.08 25+126% 3.1+031°
SD3 30 28+1.39"  29+099°  35+0.84* 22+0.63 29+1.19®
60 2.5+0.52%  25+0.97%¢  33+094° 2.1+0.87 2.6+0.84%
90 20+1.15%€ 2240.91%%" 3714+1.19* 1.9+0.87% 2.440.84%cd
0 26+0.84"%  28+078°  23+082° 27+0.94® 2.5+0.52%
SD4 30 26+051% 26+142%  21+087° 2.6+0.69" 2.9+0.73®
60 24+0.96% 244+1.07%% 20+0.94° 2.6+0.96 2.4+ 126
90 2.0+0.81%% 240,940l 1.8+0.78% 2.5+1.26%° 2.0+1.15%%
0 1.6+0.69° 1.840.78%% 2.040.81° 23+0.67 1.8+1.03%%
SD5 30 1.5+0.52¢ 1.5+0.70%  1.940.73% 23+0.67% 1.9+£0.99°%
60 1.5+0.52¢ 1.6+1.07%%  1.940.87 2.5+0.84% 1.6+0.69%
90 1.3+0.48° 1.3+0.48" 1.9+0.73% 2.1+0.87% 1.5+0.70°

For each sample, different letters indicate significant difference at (p <0.05)

Sensory evaluation was performed based on five-point hedonic scale. In this test, 1 means dislike
extremely, 2 dislike moderately, 3 neither like nor dislike, 4 like moderately and 5 like extremely
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amount of flaxseed oil (35%) caused an undesirable yellow
color. The difference in this color score was small, but was
statistically significant (p <0.05).

Based on overall quality, sample 3 was more likely to be
preferred by the panelists on the first day of storage, com-
pared to other samples (Table 3). Through time during the
storage period, the sensory evaluation grade for all treat-
ments showed a decreasing trend, which indicated a decrease
in the acceptability of the five parameters of taste, viscosity,
color, texture and overall quality. This is due to the progres-
sion of oxidation and the formation of undesirable flavor
and odor substances over time which negatively affect the
sensory properties of the product. According to the results,
the best sample in terms of all sensory attributes is sample
3, and further increasing the amount of flaxseed oil in the
formulation can significantly affect the sensory properties.

Oxidative stability

Measuring the lipid hydroperoxide provided data for the
chemical evaluation of the oxidative deterioration in the
salad dressing samples. The preparation of salad dressing
(e.g. mixing) causes the entry of more oxygen into the tis-
sues and therefore contributes to a partial oxidation of the
oil. There was a significant increase (p <0.05) in peroxide
value during storage. It is clear that the PV increased gradu-
ally until the end of the storage period.

Table 4 shows the peroxide values of salad dressing sam-
ples, with and without flaxseed oil, during storage at 5 °C
for 90 days. The peroxide values ranged between 0.70 and
0.88 mEq peroxides/kg oil on the first day, which gradu-
ally increased to 3.23 and 3.87 mEq/kg in samples 1 and 2
respectively, by the end of storage (on day 90). A significant
difference (p <0.05) is evident among the PV of different
samples which contain different amounts of flaxseed oil
during storage. The PV showed a gradual but significant
increase during the storage (Table 4).

However, the PV in all cases remained within an accept-
able range for human consumption [28] and all samples
exhibited oxidative stability, even after 90 days of storage.
The antioxidant properties of casein are partially a result
of free-radical scavenging and metal ion chelation which
give rise to the higher oxidative stability of samples [29]. A

high content of phosphoseryl groups with a metal binding
ability gives rise to this particular antioxidant activity of
caseins [30]. Also, the n-OSA starch, with its emulsifying
properties, can protect the oil effectively [14]. A good oxida-
tive stability observed herein is similar to previous patterns
reported by Rendon Villalobos et al. [31] where the amount
of peroxide value of flaxseed powder, enriched with tortilla,
was measured. No significant increase in PV was observed
during the storage thereof.

Physical stability of salad dressing

The samples of salad dressing were stored at 5 °C for
3 months and were checked for their phase separation and
oiling-off. Because of their low viscosity, the phase separa-
tion is an indicator of physical deterioration of salad dressing
at refrigerated temperatures. All samples did not show any
phase separation and oiling-off until day 60 of the storage.
However, in the third month of storage, the samples which
contained n-OSA starch and sodium caseinate (samples
1-4) showed a small phase separation at the bottom of the
tubes. Even then, no oiling-off was observed. When egg yolk
was present in the formulation, sample 5 exhibited a higher
degree of stability than other samples supplemented with
the n-OSA starch or sodium caseinate. This claim is based
on the observation that no phase separation or oiling-off was
observed which correlates with higher degrees of viscosity.

In the salad dressing containing n-OSA starch and sodium
caseinate (samples 1-4), proteins were capable of being
absorbed rapidly to the surface of the oil droplets where they
stage a lower level of interfacial tension and inhibit drop-
let coalescence by forming protective membranes around
the droplets [32]. Protein-coated droplets can be increased
by adding a polysaccharide that adsorbs onto the droplet
surface and creates a protective layer, thereby preventing
the droplets from approaching each other and aggregating
[12, 13]. In the salad dressing with egg yolk (sample 5), the
lipoprotein and phospholipids (lecithin) acted as excellent
emulsifiers which caused stability in the product [33-35].
Similarly, Mun et al. [24] prepared a reduced-fat type of
mayonnaise using 4aGTase- modified rice starch and xan-
than gum. This mayonnaise sample showed a higher stabil-
ity than the reference sample (which contained rice starch

Table 4 Peroxide values (mEq/

N X . Storage time  SD1 SD2 SD3 SD4 SD5
kg oil) of salad dressing during (day)
storage
0 0.70+0.02° 0.88+0.04° 0.74+0.05° 0.78 +£0.00° 0.77+0.07°
30 1.90+0.42¢ 2.28+0.02¢ 1.88+0.01¢ 1.97 +£0.04¢ 2.06+0.01¢
60 3.04+0.00¢ 3.65+0.08% 3.08 +£0.00° 3.23+0.05¢ 3.36+0.11%
90 3.23+0.19¢ 3.87+0.00* 3.20+0.18¢ 3.39+£0.09" 3.44+0.56"

For each sample, different letters indicate significant difference at (p <0.05)
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Fig. 1 Viscosity curves of salad dressings (SD) formulated with flax- » 3500.00
seed oil replacement which, stabilized by n-OSA starch and sodium —_ 0days
caseinate (SD1-4) and egg yolk (SD5) during storage days of 0, 30, § 3000.00
60 and 90 at 5 °C = 2500.00
4 ——SD1
b 2000.00 o
and xanthan gum) because of the increased viscosity of the > 1500.00
aqueous phase which slowed down the oil droplets move- % SD3
ment. De cassia da fonseca et al. [36] also showed that whey g 1000.00 sD4
proteins and gums have a positive effect on the stability of £ 500.00 R
salad dressing. Similar results reported by Thompson and 0.00 —8—SD5
Reniers [37] indicated the use of whey proteins as part of an 0.00 25.00 50.00
egg substitute in salad dressing formulations. Shear rate ( $)
Rheological properties 30 days
. 600.00
In salad dressing, as the rotational speed increases, the vis- @, 500.00 —SD1
cosity decreases, and therefore the salad dressing is catego- g 400.00 —+—SD2
rized as a pseudo-plastic fluid with shear thinning behavior. g 30000
The rheological behavior of salad dressing samples can be p ’ SD3
interpreted through viscosity vs. time curves (Fig. 1). For all 'g 200.00 SD4
samples, a shear thinning behavior was observed. This can g 100.00 o SDS
cause an improved dispersion of oil particles in the liquid g o000
phase. It can prevent the phase separation and flocculation 0.00 25.00 50.00
during storage [38]. The shear thinning behavior of salad Shear rate (5)
dressing samples, which follows a similar trend, was fit-
ted to the power-law model. The flow behavior index (n) 60 days
of all samples was less than 1, which indicated that they
were pseudo-plastic fluids. The flow behavior index (Fig. 2) = 600.00
also indicated small but statistically significant differences < 500.00 —SD1
(p <0.05) in these samples, which further confirmed the g 400.00 SD2
similarity of the visco-elastic properties. Less values among S
.. . . . @ 300.00
the flow indices indicate samples with stronger shear thin- S SD3
ning behavior, with more changes in viscosity and shear 'g 200.00 sD4
rates. According to Fig. 2, in all samples, the flow index g 100.00
decreased during the storage time. In one report, the flow Z o000 _ = —=—5D5
index increased in mayonnaise samples which contained 0.00 25.00 50.00
various gum concentrations [38]. In terms of the rheologi- Shear rate (5)
cal properties, salad dressing is a complex system which
shows time-dependent behavior. The characterization of
such behavior in salad dressings is important for food pro- 00 90 days
cessing and handling, process design and control, prod- o
uct development, structure and flow relationship, physical % ——SD1
parameters and sensory evaluations [39]. Figure 1 shows the '§ —+—SD2
thixotrophy behavior for flaxseed oil, based on salad dress- 3
ings which exhibited similar profiles. At low shear rates, = 5D3
a sharp decrease occurred in viscosity. However, at higher E SD4
shear rates, this decrease diminished. g
According to the results, the egg yolk in samples acted < —=sbs

as a thickening agent and caused a slightly higher vis-
cosity compared to other samples. Longer durations of
storage reduced viscosity in all salad dressing samples.
This decrease, especially at lower shear rates, was more

0.00

25.00
Shear rate (S?)
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c
x 0.4
[}
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o
E =5D2
< 0.2 )
Pl ~SD3
3 o1 =sD4
(NN
- SD5

Time (day)

Fig.2 Flow behavior index (n) of salad dressings (SD) formulated
with flaxseed oil replacement which, stabilized by n-OSA starch and
sodium caseinate (SD1-4) and egg yolk (SD5) during storage days of
0, 30, 60 and 90 at 5°C

pronounced until day 30, but thereafter the viscosity
decreased (Fig. 1).

It can be inferred from the current results that rheological
characteristics of salad dressing samples cannot be influ-
enced by the flaxseed oil in products. Gamonpilas et al. [27]
showed that a xanthan-starch mixture enhanced the gel-like
characteristics and shear thinning behavior of chili sauces.
De cassia da fonseca et al. [36] evaluated the effects of three
different stabilizers (i.e. xanthan gum, propylene glycol

alginate and carboxymethyl cellulose) on the rheological
behavior of salad dressings. All samples showed a pseudo-
plastic behavior and were fitted to the power-law model.
Nonetheless, the apparent viscosity was highly influenced
by the CMC.

Color attributes

Variations in the values of lightness (L), redness (a) and
yellowness (b) occurred in the different salad dressing
samples (Table 5). The lightness value of any salad dress-
ing has a major impact on the perceived appearance of the
product. By increasing the percentage of the flaxseed oil in
salad dressing samples, a significant decrease in lightness
(p<0.05) was observed because of the yellowness of the
flaxseed oil. According to Table 3, the highest and lowest
values of lightness were 82.50% and 72%, which related
to sample 1 (with 35% sunflower oil) and sample 2 (with
35% flaxseed oil) respectively. It appeared that the a* value
(redness) decreased with the addition of flaxseed oil and
egg yolk as coloring agents, and the b* value (yellowness)
increased. Other samples showed intermediate values for all
parameters. Also, the duration of storage caused a decrease
in lightness and an increase in the yellowness of samples.
The amount of AE (total color change) of each salad
dressing increased during storage, compared to the first
day of storage. This indicates the effect of time on the color

Table 5 Color parameters of

’ . Formulation
salad dressings during storage

Storage time

Salad dressing color

(day) L a b AE
0 82.50+0.70* —3+0.00 19+0.00" _

SD1 30 81.50+0.70° —3+0.00 21.50+0.70™ 2.80+1.13
60 81+0.00% —3+0.00 23+0.00' 4.29+0.24
90 81+0.00% —3+0.00 23.50+0.70' 4.75+0.89
0 72+0.00" —7+0.00 49 +0.00¢ _

SD2 30 72.50+0.70" —7+0.00 52.50+£0.70° 3.58+0.59
60 70+0.00' —7+0.00 54+0.00° 5.38+0.00
90 70+0.00' —7+0.00 55.50+0.70° 6.80+0.67
0 80+0.00¢ —4+0.00 26+0.00% _

SD3 30 75.50+0.70° —4+0.00 30+0.00 6.02+0.53
60 75 +0.00° —4+0.00 31+0.00' 7.07 +0.00
90 73.50£0.70 & —4+0.00 31+0.00' 8.20+0.55
0 81+0.00* - 5+0.00 32.50+0.70" _

SD4 30 78 +0.00¢ -5+0.00 37.50£0.70¢ 6.26+0.61
60 74.50 +0.70F -5+0.00 38+0.00¢ 8.85+1.47
90 72 +0.00" -5+0.00 38+0.00¢ 10.55+0.36
0 77.50+0.70¢ —7+0.00 41+0.00 _

SD5 30 76 +0.00° —7+0.00 43+0.00° 2.52+0.41
60 76 +0.00° —7+0.00 43+0.00° 2.52+0.41
90 72.50+0.70" —7+0.00 43+0.00° 5.38+0.00

For each sample, different letters indicate significant difference at (p <0.05)
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parameters (Table 5). High levels of AE can be attributed
to the reduction of lightness (L*) through the storage time.
Therefore, AE was an indicator of the deterioration of qual-
ity among products over time. Laca et al. [40] reported that
low-cholesterol mayonnaises were significantly diverse
(p<0.05) in their a" and b" values after 7 days of storage,
and there was a substantial change in the total color (AE) of
the samples during storage.

Conclusions

Due to oxidative stability, specific forms of salad dressing
could be aptly supplemented with flaxseed oil emulsions
(while having n-OSA starch and caseinate as stabilizers).
The use of flaxseed oil (at 5% concentration) in the formula-
tion caused a higher overall acceptability in sensory attrib-
utes. Furthermore, all samples showed the same pattern of
change in their color, and the AE increased through the stor-
age time. The rheological properties and the results thereof
indicated the presence of shear thinning behavior. Samples
which contained n-OSA starch and sodium caseinate, as
substitutes for egg yolk, showed a small phase separation at
the bottom of the tubes in the third month of storage, but no
oiling-off was observed in any of the samples.
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