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Given the high-calorie content of fat in mayonnaise, finding an
effective fat replacer is crucial. In this study, amylose was
extracted from raw corn starch and combined with whey protein
isolate (3% w/w) and stearic acid (5% w/w) at 75°C for 60 min
to form a ternary complex. This complex was incorporated into
mayonnaise formulations at 4 different concentrations: 0, 3, 5,
and 7 % (w/w). Rheological analysis revealed a shear-thinning
behaviour in all samples, with viscosity decreasing as the
complex concentration increased from 0 to 7%. The storage
modulus (G') was consistently higher than the loss modulus
(G"), categorizing the samples as solid viscoelastic materials.
The sample without the complex exhibited the highest stability
against phase separation (88.5 %) whereas sample ¢ with 7 % of
the ternary complex showed the lowest stability (78.75 %).
Sensory evaluation indicated that the sample with 5 % (w/w)
ternary complex achieved the highest acceptability. These
findings suggest that incorporating 5 % w/w ternary complex is
effective for producing low-fat mayonnaise with both desirable

technological and sensory properties.
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1. Introduction

The growing awareness of the health risks
associated with excessive fat consumption
has prompted the food industry to develop
low-fat products. However, fat plays a
crucial role in creating the unique texture,
flavor, and aroma of foods, and replicating
these sensory attributes in low-fat products
presents a significant challenge. This often
results in these products failing to meet
consumer expectations. To address this
issue, fat substitutes are used, which can
maintain desirable sensory properties.
These substitutes can enhance the
acceptability of low-fat products and
contribute to a more balanced diet and
improved health [1, 2].

Mayonnaise is recognized as a semi-solid,
high-fat oil-in-water emulsion that typically
contains 70—-80% fat. The production and
quality characteristics of low-calorie
mayonnaise emulsions at various levels of
fat reduction have been extensively studied.
However, the challenge of maintaining
desirable sensory properties in this industry
persists [2, 3]. In the formulation of low-fat
emulsions, researchers use compounds
such as starches, gums, and proteins to
replace the attributes lost due to fat
removal. Finding a substitute capable of
mimicking the multifunctional role of fat in
food emulsions remains a challenge for the
food industry, and research in this field is
ongoing. Modified starches, which are
chemically altered to enhance their
functionality, are among the most popular
fat substitutes [4].

In related studies, low-fat mayonnaise has
been formulated using whey protein isolate,
low-methoxyl pectin, and modified starch.
Additionally, partial substitution of oil with
gelatinized rice starch and xanthan gum has
proven effective in reducing fat content
while evaluating rheological properties.
Low-fat mayonnaise emulsions have been
produced by replacing up to 50% of the fat,
resulting in products with 23% lower
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energy content compared to full-fat
mayonnaise and showing rheological
properties similar to commercial low-fat
mayonnaise [5-7].

The amount of fat replaced by fat
substitutes is a critical quality attribute in
low-fat mayonnaise. Products with up to
80% fat replacement using modified teff
starch with 1.5% stearic acid have been
studied. Results indicated that replacing
sunflower oil with stearic acid-modified
corn starch at 50% and 80% levels
produced low-calorie mayonnaise
emulsions with higher viscosity and smaller
oil droplet sizes compared to full-fat
mayonnaise [8]. In subsequent research, the
sensory and rheological properties of two
starch-based fat substitutes, including
amylose-fat complexes (corn starch with
1.5% stearic acid and corn starch with 2%
monoglycerides), were investigated. Fat-
modified starches were found to be non-
gelling and exhibited fat-like properties,
such as glossiness, softness, and creaminess

[9].

In this study, the amylose-stearic acid-whey
protein isolate (WPI) ternary complex was
used as a fat substitute in mayonnaise
emulsions. Starch, protein, and lipids are
the three main nutrients in the human diet,
and during food processing, complex
interactions occur among these
macromolecules. These interactions can
affect the flavor, texture, nutritional value,
and other quality characteristics of food
products [10]. Amylose in starch, with its
helical structure, can form complexes with
various types of lipids. Proteins can also
interact with lipids through covalent bonds,
hydrophobic interactions, electrostatic
forces, and hydrogen bonds [11].

Fatty acids can form starch-lipid-protein
complexes that exhibit higher relative
crystallinity and greater molecular order
compared to starch-lipid complexes [12,
13].  Furthermore, starch-lipid-protein
complexes possess unique functional
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properties, such as higher viscosity,
reduced gel strength, and lower in vitro
digestibility, which distinguish them from
starch-lipid complexes [14].

The use of the ternary complex (amylose,
whey protein isolate, and stearic acid) in
low-fat mayonnaise improves texture,
emulsion stability, and flavor retention,
similar to full-fat mayonnaise. Amylose
contributes to increased viscosity and gel
structure formation, while whey protein, as
a natural emulsifier, prevents phase
separation in the sauce. Stearic acid creates
a fat-like mouthfeel, reducing the need for
high-fat content. As a result, mayonnaise
with lower fat content but similar quality to
full-fat mayonnaise can be produced.
Several studies have been conducted on
low-fat mayonnaise production using
different complexes, such as pectin-whey
protein [15], egg yolk-alginate [16], egg
yolk-chitosan [17], teff starch and stearic
acid-modified corn starch (Teklehaimanot
et al.,, 2013), amylose-corn starch and
stearic acid [9], and chitosan-stearic acid
[18].

Based on the existing literature, no study
has explored fat replacement in mayonnaise
using the amylose-stearic acid-whey
protein isolate ternary complex, which is
the focus of this research. The findings of
this study could be utilized for the
production of low-fat mayonnaise in sauce
processing factories.

2. Materials and Methods

2.1.Materials

Corn starch (11.4% moisture and 24.8%
amylose content) was obtained from
Glucosan Company in Qazvin, Iran. Stearic
acid and whey protein isolate (containing
approximately  86%  protein)  were
purchased from Pegah Company in Isfahan,
Iran. Other ingredients, including eggs
(Telavang, Tehran, Iran), sunflower oil
(Oila, Tehran, Iran), distilled vinegar with
10.5% acidity (Khosh Khorrak, Hamedan,
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Iran), sugar, salt, and mustard powder
(Golha, Tehran, Iran), were sourced from a
hypermarket in Hamedan, Iran. All
chemicals used were analytical grade and
purchased from Merck (Germany).

2.2. Methods
2.2.1. Amylose Extraction

To extract amylose, 10 grams of corn starch
were mixed with a small amount of
absolute ethanol. Then, 0.5 M sodium
hydroxide solution was added to the starch
suspension to prevent particle aggregation.
The suspension was maintained in a
shaking water bath (SWB-35, HANYANG,
Republic of Korea) for 20 min and then
stirred at room temperature until cooled.
Subsequently, the alkaline solution was
centrifuged at 6000 rpm for 20 min
(HB320, Behsan, Iran).

The supernatant was titrated with 2 M
hydrochloric acid to adjust the pH to 7. To
100 mL of this solution, a mixture of n-
butanol and isoamyl alcohol at a 1:3 v/v
ratio was added and incubated in a shaking
water bath for 20 min. The solution was
then transferred to a plastic container and
refrigerated for 24 h. The upper layer was
discarded, and the remaining precipitate,
which contained amylose, was centrifuged
again, and the supernatant was removed.
The precipitate was dried in an oven at
60°C for 24 h [19].

2.2.2. Preparation of Amylose—Stearic
Acid—Whey Protein Complex

To prepare the amylose—stearic acid—whey
protein complex, various concentrations of
whey protein isolate and stearic acid were
used. Initially, a 0.5% (w/v) amylose
suspension was prepared in water. Then,
whey protein isolate at 3% (w/w, based on
amylose weight) and stearic acid at 5%
(w/w, based on amylose weight) were
added to the amylose suspension. The 0.5%
(w/v) amylose suspension was heated to
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approximately 95°C for 20 min and then
gradually cooled. During cooling,
appropriate amounts of whey protein
isolate and/or stearic acid were added to the
suspension, and the mixture was stirred
continuously at 75°C for 60 min [20]. After
gradual cooling overnight at room
temperature with continuous stirring, the
triple complex was filtered through a 0.45
um pore-size filter paper and dried in an
oven at 60°C for 24 h [21].
2.2.3. Preparation of Low-Fat
Mayonnaise

To prepare low-fat mayonnaise, vinegar,
eggs, and powdered ingredients (as listed in
Table 1) were homogenized using a

homogenizer (10 basic, IKA, Germany) at
4500 rpm for 1 min. Sunflower oil was then
gradually added to the mixture over 2 min,
during which the homogenizer speed was
increased to 8000 rpm. Finally, the
resulting emulsion was further
homogenized at 8000 rpm for another 2
min. For the low-fat mayonnaise
formulation, part of the oil was replaced
with a stable amylose—stearic acid—whey
protein complex. The complex was
incorporated at three different levels (3%,
5%, and 7% of the total formulation) before
the oil addition, mixed with the other
ingredients, and added to the mixture. The
mayonnaise emulsions were poured into
glass containers and stored at 4°C for three
months for subsequent testing.

Table 1. Composition of ingredients used in the formulation of various mayonnaise samples (% w/w)

Substitute with oil (%)

Ingredients
TO (0) T25 (25) T50 (50) T80 (80)

Sunflower oil 75 56.25 37.5 15

Egg 8 8 8 8

Ternary complex - 3 5 7
Vinegar 12 12 12 12
Mustard powder 0.5 0.5 0.5 0.5
Salt 0.5 0.5 0.5 0.5

Sugar 4 4 4 4
Water - 15.75 32.5 53
Total 100 100 100 100

TO, T1, T2, and T3 presented the sample containing 0, 3, 5, and 7 %ternary complex, respectively.

2.2.4. Measurement of Flow Properties

The steady shear flow properties were
measured using a rheometer (MCR 301,
Anton Paar, The Netherlands) with a vane-
in-cup configuration (vane diameter: 22
mm; cup diameter: 28.9 mm). Mayonnaise
samples were equilibrated at 25°C for 30
min, and measurements were conducted at
the same temperature. The shear rate was
increased from 0.01 to 1000 s and then
decreased back from 1000 to 0.01 s™*. The
experimental data were analyzed using the
Herschel-Bulkley model (o=cs+K(y)"),
where o5 is the yield stress (Pa), o is the
shear stress (Pa), y'is the shear rate (s7),
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KK is the consistency index (Pa/s?,
indicating viscosity), and n is the flow
behavior index. In this model, n=1 indicates
a Newtonian fluid, n<l represents shear-
thinning behavior, and n>1 represents
shear-thickening behavior [1].

2.2.5. Stability of Mayonnaise at High
Temperature

Two grams of each mayonnaise sample
were weighed into six Eppendorf tubes and
stored at 50°C for 24 h. The samples were
then centrifuged at 3000 rpm for 10 min,
and the separated liquid was weighed. The
stability of the samples was calculated
using the formula



Faezeh Karami et al

Evaluation of the Effects of Amylose-Stearic...

Stability (%)=(1—Weight of separated liqui
d/Initial sample weight)<100 [8].

2.2.6. Sensory Evaluation

Mayonnaise samples were evaluated for
color and appearance, aroma, taste, texture,
and overall acceptance by 10 trained
panelists (5 men and 5 women) aged
between 20 and 50 years. Sensory
evaluation was conducted 24 h after sample
preparation in a controlled room with
fluorescent  lighting and  regulated
temperature. Samples were presented to the
panelists in plastic containers labeled with
random codes, and the panelists assessed
the samples randomly. Water was provided
for palate cleansing between tests. The
panelists were asked to rate the sensory
attributes on a 9-point hedonic scale (1 =
extremely undesirable, 5 = neither desirable
nor undesirable, 9 = extremely desirable)
[22].

2.3. Statistical Analysis

The experimental design of this study was
completely randomized with a 95%
confidence level. Mean comparisons of the
data obtained from three repetitions were
conducted using Duncan's multiple range
test and one-way ANOVA. All statistical
analyses were performed using SAS
software, and charts were created using
Excel software (version 2013).

3. Results and Discussion

3.1. Measurement of Flow Properties
3.1.1. Apparent Viscosity

The viscosity of mayonnaise is a critical

factor influencing consumer acceptance.
The analysis of viscosity changes with
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increasing shear rate demonstrated a
reduction in viscosity in all samples,
indicating their pseudoplastic behavior. As
shown in Figure 1, the highest viscosity was
observed in the control sample, while the
lowest viscosity was recorded in the sample
containing 7% of the triple complex. The
reduction in viscosity at varying levels of
replacement can be interpreted as a
consequence of the reduced oil requirement
for forming a stable emulsion, thereby
decreasing the viscosity. Additionally, in
mayonnaise, the increased surface contact
between oil droplets enhances the frictional
force between particles, significantly
affecting the viscosity. The presence of the
triple complex prevents the formation of
continuous gel networks by amylose,
increases the mobility of fat particles, and
decreases the density of the continuous
phase, improving the flowability of the
mayonnaise. Whey protein, acting as an
emulsifier, reduces the attractive force
between fat particles, while stearic acid,
with its long chains, decreases the
resistance of the continuous phase,
ultimately leading to lower viscosity [23].
In a related study, researchers investigated
the effects of teff and stearic acid-modified
corn starches on the rheological,
microstructural, freeze-thaw, and thermal
stability =~ characteristics of  low-fat
mayonnaise (LCMTE). The wuse of
modified starches led to reduced stress and
viscosity, as well as improved stability
against freeze-thaw cycles and high
temperatures. With 80% oil replacement
using modified starches, the low-fat
mayonnaise exhibited similar properties to
full-fat mayonnaise [8]. These findings are
consistent with the results obtained in the
present study.
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Fig. 1. The apparent viscosity of various mayonnaise samples. The blue, green, red, and yellow lines are related
to mayonnaise containing 0, 3, 5, and 7 % of the ternary complex, respectively.

3.1.2. Frequency Sweep Test

To determine the viscoelastic properties of
the mayonnaise samples produced in this
study, a frequency sweep oscillatory test
was performed. The variable frequency test
can identify four types of systems: dilute
solutions, concentrated solutions, weak
gels, and strong gels. In this test, the loss
modulus (G”, viscous) and storage modulus
(G, elastic) were analyzed over a frequency
range of 0.1-100 Hz. As shown in Table 2,
in all samples, G' was greater than G”,
classifying the samples as viscoelastic
solids. For weak gels, the elastic modulus
(G") is always greater than the viscous
modulus (G") across the applied frequency
range, and both moduli are frequency-
dependent. The difference between strong
and weak gels lies in the frequency
dependency of the moduli, where the
moduli in strong gels are independent of
frequency. In dilute solutions, G" is greater
than G' within the studied frequency range,
and the moduli converge at higher
frequencies. However, in concentrated
solutions, G’ is initially lower than G” at
low frequencies and intersects with G” at
intermediate frequencies. The crossover
point of the two moduli depends on
molecular structure, molecular weight, and
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concentration [24]. In this study, despite the
substantial reduction in oil content
compared to full-fat mayonnaise (control),
the storage modulus (G') was greater than
the loss modulus (G”), indicating the
suitability of the amylose—stearic acid—
whey protein triple complex as a fat
replacer in mayonnaise formulation.
Emulsions with higher oil content are
expected to exhibit higher storage moduli.
The mayonnaise samples containing the
triple complex exhibited lower G’
compared to the control sample, which is
attributed to the varying amounts of the
triple complex, reducing the elastic
properties of the product. This reduction in
G’ suggests an increase in viscous behavior
relative to viscoelastic behavior.

In a related study, the physicochemical,
textural, sensory, and rheological properties
of  low-calorie = mayonnaise  were
investigated using yogurt at replacement
levels of 25%, 50%, and 75%. Results
indicated that the viscosity of low-fat
mayonnaise samples was also lower
compared to the control. Regarding
rheological properties, in all samples, the
storage modulus (G") was greater than the
loss modulus (G"), classifying them as
viscoelastic solids. Furthermore, the loss
tangent of low-fat mayonnaise samples was
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higher than that of the control, indicating a
greater tendency toward semi-liquid
behavior [25]. The ratio of viscous modulus
to elastic modulus, known as the loss
tangent or damping factor (tand), is a
method for evaluating the viscoelastic
behavior of an emulsion. When the loss
tangent is less than 1, elastic behavior
dominates, while values greater than 1
indicate viscous behavior. Loss tangent
values between 0.1 and 1 imply that the
samples are not true gels but exhibit a
structure between a high-concentration
biopolymer and a real gel. As shown in
Table 2, the loss tangent values for the
mayonnaise samples are less than 1 and
greater than 0.1, indicating that these
samples exhibit elastic behavior. Another
parameter assessed during the frequency
sweep test is the complex modulus (G*),
which is derived from the ratio of
maximum stress to maximum strain during
oscillatory testing. The complex modulus

represents overall stiffness, which includes
both elastic and viscous stiffness. From the
ratio of complex modulus (G*) to
frequency, the complex viscosity (n*) is
calculated, which serves as a measure of the
overall stiffness of the material. As shown
in Table 2, the complex viscosity values of
the samples containing the triple complex
decrease with increasing frequency,
indicating the non-Newtonian, shear-
thinning behavior of the emulsions [26].
Additionally, as the proportion of the triple
complex increases and oil content
decreases in the mayonnaise formulation,
the complex viscosity decreases. The
highest complex viscosity value was
observed in the control sample, while the
lowest value corresponded to the
mayonnaise sample containing 7% of the
triple complex.

Table. 2. Parameters of frequency sweep test for mayonnaise samples

Loss modulus

Storage modulus

%
Sample tand (Pa) (Pa) n
TO 0.139+0.00° 54.0 £0.78? 386.0+0.422 62.0+0.14°
T1 0.168+0.00% 25.9 +0.28? 154.0£0.28° 24.9+0.142
T2 0.237+0.002 15.7 £0.14° 66.1+0.28a° 10.8+0.28?
T3 0.347+0.002 5.80 £0.19¢ 14.6+0.42¢ 2.47+0.07°

Different letters indicate statistical significance between samples in each column at p<0.05. TO,
T1, T2, and T3 presented the sample containing 0, 3, 5, and 7 %ternary complex, respectively.

3.1.3. Strain Sweep Test

The value and interpretability of
viscoelastic tests rely on their execution
within the linear viscoelastic region (LVR).
Thus, identifying the strain or stress limit
below which the material's behavior
remains linear is crucial. To determine the
LVR of mayonnaise samples, curves of
storage modulus (G’) and loss modulus
(G") as a function of strain amplitude (0.1%
to 10%) were plotted at specific low
frequencies. The strain at which G’ and G”
start to decline is considered the upper limit
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of the LVR. A larger LVR in emulsions
indicates greater stability under strain
sweep tests. As shown in Figure 2, the
strain sweep test identifies two regions: the
linear viscoelastic region and the non-linear
viscoelastic region. In the non-linear
viscoelastic region, increasing strain leads
to a reduction in G' and G" values. The
LVR and its endpoint are defined by the
critical strain (yL). Within this range, the
mayonnaise emulsion structure remains
relatively unchanged. Table 2 reveals that
the storage modulus (G’) values of the
samples are higher than the loss modulus
(G") within the strain range examined. This



Iranian journal of food science and industry

Number 167, Volume 22, January 2026

dominance of elastic modulus over viscous
modulus indicates a solid-like behavior in
the mayonnaise samples containing the
triple complex. In other words, samples
with higher storage modulus values exhibit
stronger interactions and greater stability
within the LVR, along with a broader LVR.
With increased strain percentages, G' and
G"” wvalues decrease, leading to the
breakdown of solid-like interactions in the
mayonnaise emulsion structure (Table 2).
In another study, low-calorie mayonnaise
was formulated by replacing part of the oil
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gum, and the effects on its rheological
properties were examined [6]. The results
showed that mayonnaise with up to 30% fat
replacement had 23% lower energy content
compared to  full-fat  mayonnaise.
Moreover, the low-calorie mayonnaise
exhibited rheological properties similar to
those of commercially available low-fat
mayonnaise.
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Fig. 2. The storage modulus (G’) and loss modulus (G”) of various mayonnaise samples in strain sweep test.
The blue, green, red, and yellow lines are related to mayonnaise containing 0, 3, 5, and 7 % of the ternary
complex, respectively.

3.2. High-Temperature
Mayonnaise

Stability of

The results of the high-temperature stability
test for low-fat mayonnaise samples
containing the triple complex are illustrated
in Figure 3. Reducing oil content in the
mayonnaise formulation to 25%, 50%, and
80%, alongside incorporating the triple
complex at levels of 3%, 5%, and 7%,
significantly impacted thermal stability (p <
0.05). Additionally, an increase in the
proportion of the triple complex resulted in
reduced high-temperature stability of the
mayonnaise samples. In a separate study,
three levels of cellulose nanofiber—soy
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10 107 % 10

protein isolate complex gel (5%, 15%, and
25%) and three ratios of cellulose nanofiber
to soy protein isolate (5%, 10%, and 15%)
were used as fat substitutes in low-fat
mayonnaise. The results demonstrated that
increasing the substitution of oil with the
complex gel significantly enhanced the
physical and thermal stability of
mayonnaise (p < 0.05). A stable emulsion
is characterized by the absence of
coalescence, creaming, and sedimentation.
Creaming is less frequent in high-fat
mayonnaise samples (80% oil), as oil
droplets are closely packed, leading to
increased friction between them, which
prevents creaming. Conversely, this
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phenomenon is more common in low-fat
samples. In low-fat products, adding
thickening agents such as gums or proteins
to the aqueous phase reduces droplet
mobility and inhibits creaming [27]. In oil-
in-water emulsions, proteins stabilize
emulsions by adsorbing onto the oil droplet
surfaces due to their inherent surface
activity and forming a thick, viscous
interfacial film. Polysaccharides, on the
other hand, contribute to stability by
increasing the viscosity of the continuous
phase and forming a gel-like network [28].
In some emulsions, an increased
concentration of particles in the continuous
phase, not adsorbed onto oil droplets, can
cause instability through the depletion
flocculation mechanism. In this study,
whey protein appeared to adsorb onto oil
droplet surfaces in low-fat mayonnaise.
However, the excess protein concentration
in the continuous phase (due to surface
saturation) likely led to the instability of the
emulsified system. These findings align
with prior reports, such as those by
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Stability (%)

Shirmohammadi et al. (2015), which noted
reduced physical and thermal stability in
low-fat mayonnaise compared to full-fat
samples [29].

Furthermore, according to Stokes’ law, the
greater the viscosity of the continuous
phase, the slower the phase separation and
the more stable the emulsion. Conversely,
reduced viscosity increases  droplet
mobility, leading to higher syneresis (water
expulsion). The reduced stability of
samples in this study can be attributed to an
increased  aqueous phase, lower
concentration, and consequently, decreased
viscosity. Additionally, the application of
heat during the thermal stability test likely
contributed to destabilization. Thermal
shock increases molecular disintegration,
freedom, and mobility, resulting in droplet
flow, reduced viscosity, and consequently,
decreased emulsion stability [30].

a
a
b
85
c
80
75
70
65
TO Tl T2 T3

Fig. 3. Stability of mayonnaise sample. Different letters indicate statistical significance between samples at
p<0.05. TO, T1, T2, and T3 presented the sample containing 0, 3, 5, and 7 %ternary complex, respectively.

3.3.Sensory Evaluation

The results of the sensory evaluation,
including color and appearance, texture,
aroma, flavor, mouthfeel, and overall
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acceptability of low-fat mayonnaise
samples containing the triple complex, are
presented in Table 3. Regarding color and
appearance, the highest score was attributed
to mayonnaise with a 50% reduction in oil
content. For texture, the highest score was
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given to the control sample, while the
lowest score was assigned to the
mayonnaise sample with an 80% oil
reduction. These results align with the
instrumental texture analysis findings. For
flavor, there was no significant difference
among the TO, T1, and T2 samples (p >
0.05). However, the mayonnaise with an
80% oil reduction received the lowest score
for flavor. The mouthfeel of the T2 sample
also received the lowest score. In terms of
overall acceptability, the control sample
received the highest score, followed by T1
and T2, while T3 had the Ilowest
acceptability. Overall, the mayonnaise with
a 50% oil reduction and 5% triple complex
scored highest in terms of color and
appearance. This formulation demonstrated
appropriate  consistency and texture,
making it suitable for use in formulations
requiring lower viscosity, such as salad
dressings. The sample with a 25% oil
reduction, which showed no significant
difference from the control in terms of
texture and overall acceptability, was better
suited for formulations requiring higher

Table. 3. Sensory quality of various mayonnaise samples. TO, T1, T2, and T3 presented the sample containing 0, 3, 5,

and 7 % ternary complex, respectively.

viscosity, such as spoonable mayonnaise.
In a separate study, fat substitutes including
lipid-modified corn starch, corn starch with
1.5% stearic acid, and corn starch with 2%
monoglyceride were used in reduced-fat
mayonnaise  formulations  with  oil
replacement levels of 0% (control), 50%,
80%, and 98%. The findings revealed that
reduced-fat mayonnaise containing the
starch-monoglyceride complex exhibited
similar texture uniformity, creaminess, and
mouthfeel to full-fat mayonnaise across all
oil replacement levels. Moreover, it had
comparable  thickness and  sensory
attributes to full-fat mayonnaise up to a
50% oil replacement. For the starch-stearic
acid complex, evaluations of texture
uniformity, thickness, creaminess, and
mouthfeel were lower compared to the
starch-monoglyceride complex. However,
the starch-stearic acid complex performed
better in terms of melting properties and
ease of swallowing. Overall, all reduced-fat
emulsions exhibited good lubricating
properties [1].

a(;gg:r:rrll((:le Texture Aroma Taste Mouth feel Overall acceptance
TO 5.6£1.4b 7.2+0.7a 7.0£1.0a 6.7+1.4a 5.9+1.1a 6.3+1.2a
T1 5.8+1.1b 7.1£1.3a 6.4+1.6ab 6.6+1.9a 5.9+1.1a 6.1+1.8a
T2 7.6+0.9a 5.8+1.3b 5.5+1.5b 6.0=1.3a 5.8+1.2a 6.0£1.0a
T3 4.7+1.1b 3.8+1.2¢ 5.3£1.3b 4.1+£0.9b 3.7+0.9b 3.6+1.0b

Different letters indicate statistical significance between samples in each column at p<0.05. TO, T1, T2, and T3
presented the sample containing 0, 3, 5, and 7 % ternary complex, respectively.

4. Conclusion consequently, stability decreased. In all the

samples, the storage modulus (G') was

In this study, the impact of using the triple
complex of amylose-stearic acid-whey
protein isolate as a fat replacer on the
rheological, sensory, and stability
properties of mayonnaise was investigated.
All the mayonnaise samples exhibited
shear-thinning  behavior. The results
showed that with an increase in the amount
of complex from 0% to 7%, viscosity and,
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higher than the loss modulus (G"), thus
classifying the samples as solid-like
viscoelastic materials. The storage modulus
(G") was higher than the viscous modulus
(G") within the strain range studied.
Regarding  sensory  properties, the
mayonnaise sample with a 50% reduction
in oil and containing 5% of the triple
complex received the highest sensory
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evaluation score. Based on the results of
this study, the use of 5% amylose-stearic
acid-whey protein triple complex is
recommended for the production of low-fat
mayonnaise.

5. References

[1] Agyei-Amponsah, J., Macakova, L., DeKock,
H. L., & Emmambux, M. N. (2019). Sensory,
tribological, and rheological profiling of “clean
label” starch—lipid complexes as fat replacers.
Starch-Stdrke, 71(9-10), 1800340 .

[2] Bajaj, R., Singh, N., & Kaur, A. (2019).
Properties of octenyl succinic anhydride (OSA)
modified starches and their application in low fat
mayonnaise. International journal of biological
macromolecules, 131, 147-157 .

[3] Rojas-Martin, L., Quintana, S. E., & Garcia-
Zapateiro, L .A. (2023). Physicochemical,
rheological, and microstructural properties of low-
fat mayonnaise manufactured with hydrocolloids
from Dioscorea rotundata as a fat substitute.
Processes, 11(2),492 .

[4] Chung, C., & McClements, D. J. (2014).
Structure—function relationships in food emulsions:
Improving food quality and sensory perception.
Food Structure, 1(2), 106-126 .

[5] Ma, Z., & Boye, J. I. (2013). Advances in the
design and production of reduced-fat and reduced-
cholesterol salad dressing and mayonnaise: a
review. Food and Bioprocess Technology, 6, 648-
670 .

[ 6] Lee, 1., Lee, S., Lee, N., & Ko, S. (2013).
Reduced-fat  mayonnaise  formulated  with
gelatinized rice starch and xanthan gum. Cereal
Chemistry, 90(1), 29-34 .

[7] Chung, C., Degner, B., & McClements, D. J.
(2014). Reduced calorie emulsion-based foods:
Protein microparticles and dietary fiber as fat
replacers. Food Research International, 64, 664-
676.

[8] Teklehaimanot, W. H., Duodu, K. G., &
Emmambux, M. N. (2013). Maize and teff starches
modified with stearic acid as potential fat replacer in
low calorie mayonnaise-type emulsions. Starch-
Stirke, 65(9-10), 773-781 .

[9] Agyei-Amponsah, J., Macakova, L., DeKock, H.
L., & Emmambux, M. N. (2021). Effect of
substituting sunflower oil with starch-based fat
replacers on sensory profile, tribology, and rheology
of reduced-fat mayonnaise-type emulsions. Starch-
Stdrke, 73(3-4), 2000092

[10] Parada, J., & Santos, J. L. (2016). Interactions
between starch, lipids, and proteins in foods:
Microstructure control for glycemic response
modulation. Critical Reviews in Food Science and
Nutrition, 56(14), 2362-2369.

101

[11] Wang, S., Wang, J., Yu, J., & Wang, S. (2016).
Effect of fatty acids on functional properties of
normal wheat and waxy wheat starches: A structural
basis. Food Chemistry, 190, 285-292.

[12] Zheng, M., Chao, C., Yu, J., Copeland, L.,
Wang, S., & Wang, S. (2018). Effects of chain
length and degree of unsaturation of fatty acids on
structure and in vitro digestibility of starch—protein—
fatty acid complexes. Journal of Agricultural and
Food Chemistry, 66(8), 1872-1880 .

[13] Wang, S., Zheng, M., Yu, J., Wang, S., &
Copeland, L. (2017). Insights into the formation and
structures of  starch—protein—lipid complexes.
Journal of Agricultural and Food Chemistry, 65(9),
1960-1966 .

[14] Chen, W., Chao, C., Yu, J., Copeland, L.,
Wang, S., & Wang, S. (2021). Effect of protein-fatty
acid interactions on the formation of starch-lipid-
protein complexes. Food Chemistry, 364, 130390 .
[15] Sun C, Liu R, Liang B, Wu T, Sui W, Zhang M.
Microparticulated whey protein-pectin complex: A
texture-controllable gel for low-fat mayonnaise.
Food Research International. 2018;108:151-60.

[16] Yang X, Li A, Yu W, Li X, Sun L, Xue J, et al.
Structuring oil-in-water emulsion by forming egg
yolk/alginate complexes: Their potential application
in fabricating low-fat mayonnaise-like emulsion
gels and redispersible solid emulsions. International
Journal of Biological Macromolecules.
2020;147:595-606.

[17] Sun H, Ding H, Salama M, Li X, Abou-Elsoud
M, Zhang X, et al. Enhancement of the formation
and stability of low-fat Pickering emulsion gels
stabilized with egg yolk granules-chitosan complex:
Insights into the development of mayonnaise
substitutes. Food Chemistry. 2024:141734.

[18] Hosseini RS, Rajaeci A. Potential Pickering
emulsion stabilized with chitosan-stearic acid
nanogels incorporating clove essential oil to produce
fish-oil-enriched mayonnaise. Carbohydrate
Polymers. 2020;241:116340.

[19] Dutta, H., Paul, S. K., Kalita, D., & Mahanta,
C. L. (2011). Effect of acid concentration and
treatment time on acid—alcohol modified jackfruit
seed starch properties. Food Chemistry, 128(2), 284-
291 .

[20] Jan, R., Saxena, D., & Singh, S. (2016).
Physico-chemical, textural, sensory and antioxidant
characteristics of gluten—Free cookies made from
raw and germinated Chenopodium (Chenopodium
album) flour. LWT-Food Science and Technology,
71,281-287 .

[21] Zhang, G., Maladen, M., Campanella, O. H., &
Hamaker, B. R. (2010). Free fatty acids
electronically bridge the self-assembly of a three-
component nanocomplex consisting of amylose,
protein, and free fatty acids. Journal of Agricultural
and Food Chemistry, 58(16), 9164-9170 .

[22] Singh, M., Byars, J. A., & Kenar, J. A. (2014).
Amylose—potassium oleate inclusion complex in



Iranian journal of food science and industry

Number 167, Volume 22, January 2026

plain set-style yogurt. Journal of Food Science,
79(5), E822-E827 .

[23] Nikzade, V., Tehrani, M. M., & Saadatmand-
Tarzjan, M. (2012). Optimization of low-
cholesterol-low-fat mayonnaise formulation: Effect
of using soy milk and some stabilizer by a mixture
design approach. Food Hydrocolloids, 28(2), 344-
352.

[24] Kutz, M. (2007). Handbook of farm dairy and
food machinery. Chapter 14 (Food rheology), 395-
402.

[25] Rangriz, A., Mortazavi, S. A., Khomeiri, M., &
Amiri, S. (2016). Physicochemical, textural, sensory
and rheological properties of low-calorie
mayonnaise with dairy-based. Iranian Food Science
and Technology Research Journal, 12(1), 34-48.
[26] Niknam, R., Ayaseh, A. and Ghanbarzadeh, B.
(2018). Steady shear flow and dynamic rheology of
the emulsions containing ultrasound-assisted
extracted Plantago major seed gum. 49(5), 536-549.
[27] Mun, S., Kim, Y.-L., Kang, C.-G., Park, K.-H.,
Shim, J.-Y., & Kim, Y.-R. (2009). Development of
reduced-fat mayonnaise using 4aGTase-modified
rice starch and xanthan gum. International journal
of biological macromolecules, 4, 5, 400-407.

[28] Razavi, R., Kenari, R. E., Farmani, J., &
Jahanshahi, M. (2020). Fabrication of zein/alginate
delivery system for nanofood model based on
pumpkin. International journal of biological
macromolecules, 165,3123-3134 .

[29] Shirmohammadi, M., Azadmard, D., & Zarrin,
G. (2015). Feasibility of formulation functional
mayonnaise with incorporating flaxseed powder .
Journal of food science and technology [In Persian].
[30] Mirghfouri, S. and Rahimi, S. (2016).
Evaluation of physicochemical, emulsion and
rheological properties of mayonnaise containing soy
milk and aloe vera gel. New Technologies in Food
Industry, 3(3), 73-83. [In Persian] .

102



VEvE 63 YT 6,55 AW sled Ol i mles 5 gl s

www.fsct.modares.ac.ir :aows Colu

Sl gt il cpii g A Syl el sl S84 SaS 56 )
UJ—"'VS Fab e ol 9 e (SS54 S
\dklen.b LSJ:«":’ ‘_SM cvd; ;flh.m cemwl&‘ 4_)‘).6.& g\@; e}iLé

OB 8 (rnb sl 5 505158 p5ke oLl lis gle NUGH
Q‘M l.».:.«.» gjl‘;f aK.\iJ‘J ‘v‘lu’; GL..; k;.n.L.@.A} r)l.f« QM]QY

eJu:S.T Aju.n Q\PW‘
s o Sl SRl 8L Gl e 53 s YL IS s & Pllae gla gl

5 gl Al s o3 alis | Sel it cpl 3 5,05 Glod s Coenl

1o0) Skl el (uijj/uijj 1Y) g uT S 9 dypl b

NErY/ VA :a‘g‘)é é)u

PRl VAL NP W

sbaw SdeS 4ids Ve e w5l S sle 4z 53 VO sles 3 (G5 535
Aoy Vo0 X o dilie chle ey WSSl s LSS
Lol b s Bl Sl e OsVse 4 (G35 559)
Loy bages slad o B badipd 85 kb, sdns 0L G555,
plad 5o il Lals a3 Kens Ao n Va5l eSS Ol Sl 5

Ol e badd gad 5352 (G") 558y Jse Sl 200 (GY) 005 e Lo s

(gl olds

SOkl !

(53 skl

gl s W)
A S s

S oS Fale

SBss 2l o ol p i A doail delr SVl S 515
€ ga a0 (. YAVO) (oLl op 2aS 5 oSS 8L &gl a0 (1 AA) DS
Sl g a3 3l cils jolan] dlBan WSS 7V ol 4 s w0
by Casllae o VL $l8an WSS S35/ 550 - 0 (Sl 4 ged s
wﬁl.;AS u"Jﬁ/u’Jﬁ AL )‘ ssalaial &S MJJ‘ oLis L;:.Ez? U‘i‘ C"‘b s
= 3 SUAES G S s b o zeS Sab e WS Gl S8

S gt ol

10.48311/fsct.2025.83892.0.

*

mehranalami@gmail.com

103


https://doi.org/10.48311/fsct.2025.83892.0
mailto:mehranalami@gmail.com
http://www.fsct.modares.ac.ir/

