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In this study, kefiran, after being cultured from kefir grains and
extracted, was added to ice cream in combination with aloe vera gel
and guar gum at various levels (2.83%, 5.66%, 8.5%, 11.33%, and
17%) by weight, along with gum arabic (constituting 50% of the total
gums). The effects on the rheological, physicochemical, and
organoleptic properties of the ice cream were investigated. Data
analysis was performed using analysis of variance (ANOVA) with an
appropriate follow-up model at a 5% probability level, employing
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Design Expert 12 software. The results of the physicochemical tests
on the ice cream samples revealed that the addition of hydrocolloids
led to an increase in viscosity, melting rate, and adhesiveness.
Specifically, treatments containing 17% kefiran exhibited the lowest
values (0.25 Pa-s, 42% decrease, 17.31 MJ), while those with 17%
guar gum showed the highest values (0.282 Pa-s, 80% decrease, 18.11
MJ). Increasing the gum content resulted in higher hardness of the ice
cream treatments. The treatment with 17% kefiran had the lowest
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hardness (1834.11 g/cm?), whereas the treatment with 17% guar gum
exhibited the highest hardness (1989.6 g/cm?). Additionally, the
incorporation of gums led to an increase in the overrun of the ice
cream treatments. FE-SEM images of treatments containing 17%
kefiran and 17% guar gum indicated that the 17% guar gum treatment
featured spherical particles with minimal wrinkling and no tearing,
presenting a uniform surface. DLS results demonstrated that the
particles in the 17% kefiran treatment had an average diameter
ranging from 1 to 3.5 microns. Organoleptic evaluation of the ice
cream treatments revealed that samples with a higher proportion of
kefiran received higher scores for color and overall acceptability
compared to those containing guar gum.
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1- Introduction

Ice cream is fundamentally a complex
colloidal system or a type of "frozen foam," in
which air cells, fine ice crystals, and fat
droplets are uniformly distributed and
intermixed within a dense, viscous liquid
phase (the serum phase). Various structural
elements, including ice content and ratio, fat
content, degree of fat aggregation, and mix
viscosity, significantly influence the structure
of ice cream and consequently impact sensory
perception [1, 2]. Stabilizers are a group of
biopolymers that, when incorporated into ice
cream formulations, impart softness to the
texture, reduce melting rate, and inhibit ice
crystal growth, thereby playing a crucial role
in product quality [1, 2]. A wide range of
hydrocolloids from diverse origins have been
identified for use in the food industry; among
these is kefiran. Kefiran, or glucogalactan, is a
constituent of kefir grains, produced by the
grains' microbial flora [3]. Kefiran consists of
repeating units of glucose and galactose in a
1:1 ratio, forming a polymer of D-glucose and
D-galactose [4, 5]. According to some
researchers, kefiran is produced by several
kefir microorganisms (e.g., Lactobacillus
brevis, Lactobacillus kefiranofaciens,
Lactobacillus delbrueckii subsp. bulgaricus,
Lactobacillus  helveticus,  Streptococcus
thermophilus, and Lactococcus lactis) [4]. In
recent decades, this polysaccharide has found
extensive application in improving the
properties and enrichment of food products.
Reports on the use of hydrocolloids in ice
cream are summarized below. Zarei et al.
(2020) added various levels of phytosterols to
ice cream mix for enrichment and stored the
samples at -18°C for 60 days. They reported
that increasing the phytosterol percentage led
to significant increases in acidity, total solids,
fat content, melting resistance, and viscosity
[6]. Kasemtan et al. (2011) investigated the
effect of hydrocolloids on ice cream storage
quality, reporting that some stabilizers reduce
or delay ice crystal growth, and that a
combination of guar and xanthan gums had a
better stabilizing effect on texture and flavor
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improvement, while a combination of locust
bean gum and carrageenan considerably
reduced shelf life [7]. Rincon et al. (2006)
examined a mixture of gums (Acacia
glomerosa, Enterolobium cyclocarpum, and
Hymenaea courbaril) as stabilizers in ice
cream formulation. They reported that ice
creams containing the gum mixture exhibited
more suitable viscosity and desirable texture
compared to treatments with individual gums.
Furthermore, treatments containing the
commercial gum mixture demonstrated better
foaming, aeration properties, and superior
sensory characteristics. They concluded that
gum mixtures performed more effectively in
ice cream preparation than single gums [8].
Javidi et al. (2012) studied the effects of guar
gum, basil seed gum, and their 50:50 mixture
on the properties of low-fat and medium-fat
ice cream compared to full-fat samples. They
reported that reducing fat decreased apparent
viscosity and increased melting rate and
overrun; however, adding gum as a fat
replacer and increasing its concentration
reversed these trends [9]. Considering the
aforementioned studies and the lack of
research on the combined use of kefiran with
plant-based hydrocolloids (aloe vera gel and
guar gum) in ice cream formulation, this study
was designed to assess the feasibility of
applying a combination of kefiran and plant-
based hydrocolloids in ice cream formulation
and to investigate its physicochemical,
organoleptic, and rheological properties.

2-Materials and Methods
Cultivation of Kefir Grains

In this research, kefir grains (a consortium
of lactic acid bacteria and yeasts) were
cultured for 9 months in pasteurized skim milk
(at a 1:5 ratio), supplemented with milk
powder (East Azerbaijan origin) and yogurt or
buttermilk (Pegah Golestan) to lower the pH.
The culture was incubated at 25°C in an
incubator  equipped with a  stirrer.
Subculturing of the kefir grains was
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performed every 24 hours under sterile
conditions in sterile containers. The addition
of milk powder, yogurt, or buttermilk was
done empirically to accelerate the growth of
the kefir grains in the skim milk [10].

Extraction of Kefiran from Kefir Grains

For kefiran extraction, the method
described by Soleimani Fard et al. (2017) was
used with minor modifications. A specified
amount of kefir grains was stirred in boiling
water (1:3 ratio) for 3 hours. The resulting
mixture was centrifuged using a refrigerated
centrifuge (Hanel model, South Korea) at
10,000 rpm for 20 minutes. Soluble kefiran
was precipitated by adding cold ethanol and
separated after 24 hours of storage at
refrigerator temperature. The solution was
centrifuged again at 10,000 rpm for 20
minutes at 4°C. The resulting precipitate was
mixed with boiling water at a 1:5 ratio and
washed twice. Finally, the solution (kefiran)
was freeze-dried using a lyophilizer (Operon
model, South Korea) to obtain a powder [11].

Preparation of Aloe Vera Gel Powder

Mature and healthy aloe vera leaves were
obtained from the market, washed, and the
fleshy gel tissue between the upper and lower
epidermis was carefully separated layer by
layer manually (Agarry, O.0., Olaleye, M.T.,
Bello, C.0O. 2005). Subsequently, the aloe vera
gel was chopped with a sharp knife and
thoroughly blended using a mixer. The gel
was then filtered through a cloth to obtain a
clear, uniform aloe vera gel. Finally, the
prepared gel was dried in an oven at 50°C for
6 hours until a constant weight was achieved.
The dried powder was milled using a Retsch
sieve shaker (Germany), and coarse particles
were removed using sieves with mesh sizes of
125 micrometers, 250 micrometers, 500
micrometers, and 1 mm [12].
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Production Process of Enriched Ice
Cream

To optimize the ice cream formulation,
Design Expert 12 software and relevant
literature were utilized. The base formulation
consisted of 78.5% milk (10% fat, achieved by
blending 2.5% and 10% fat milk/cream using
Pearson's square), 18% sugar, 0.4% stabilizer
(49% gum arabic, 51% total of kefiran, aloe
vera gel, and guar gum), 2.3% milk powder,
and 0.8% orange extract powder (Table 1). To
prepare the samples, the required amounts of
raw materials were calculated and weighed
using mass balance. First, the liquid
components of the ice cream mix (cream and
milk) were mixed at 25°C, and the
temperature was raised to 45°C using a water
bath. The dry ingredients were then mixed
together and heated to 45°C. These dry
ingredients were added to the 10% fat milk
and stirred for an additional 2 minutes. For
complete homogenization, the mixture was
processed at 5000 rpm for 5 minutes.
Pasteurization was carried out discontinuously
in a water bath at 85°C for 5 minutes.
Immediately after pasteurization, the mix was
rapidly cooled to 4°C using an ice-water bath.
Orange extract powder was added at this
temperature, and the ice cream mix was aged
for 24 hours in a refrigerator at 4°C to
complete the maturation process (Marshall
and Arbuckle, 1996). Aging increases
viscosity, melting resistance, overrun,
improves texture, and enhances whipping
ability. After aging, a portion of the mix was
set aside for rheological tests. The remaining
mix was frozen in an ice cream maker (Feller,
Germany) at 0°C for 20 minutes. The prepared
samples were then packaged in polypropylene
containers, coded, and stored at -18°C for
subsequent analyses [12].
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Table 1. Formulation of ice cream treatments

Sugar Milk Orange Stabilizers (0.4 %) AR odé | Treatment
powder extract o
powder Guar Aloe vera | Kefiran e
gel
18 2.3 0.8 11.3333 2.83333 2.83333 0.196 78.5 1
18 2.3 0.8 0 17 0 0.196 78.5 2
18 2.3 0.8 5.66667 5.66667 5.66667 0.196 78.5 3
18 2.3 0.8 8.5 8.5 0 0.196 78.5 4
18 2.3 0.8 0 8.5 8.5 0.196 78.5 5
18 2.3 0.8 2.83333 2.83333 11.3333 0.196 78.5 6
18 2.3 0.8 17 0 0 0.196 78.5 7
18 2.3 0.8 2.83333 11.3333 2.83333 0.196 78.5 8
18 2.3 0.8 8.5 0 8.5 0.196 78.5 9
18 2.3 0.8 0 17 0 0.196 78.5 10
18 2.3 0.8 0 0 17 0.196 78.5 11
Apparent Viscosity Specific Gravity

The apparent viscosity of the ice cream samples
was measured before the freezing operation and
after the aging process using a Brookfield DVII
viscometer at 5°C (temperature controlled with
an ice-water mixture) and a shear rate of 1.7 s7!,
in a 500 ml container. Spindles L1, L2, or L3 were
selected based on the mix viscosity. The ice
cream mix, after completing the aging period,
was poured into the viscometer cup. The viscosity
measurement was performed at a rotational speed
of 100 rpm [13].

G2—-G
Gl—-G

Specific Gravity =

pH

The pH of the ice cream treatments was
evaluated before freezing using a digital pH
meter (EDT, Model GP353) [15].

Overrun

weight of mix — weight of ice cream

The specific gravity of the ice cream mix samples
was measured using a pycnometer at 25°C. The
procedure was as follows: the weight of the
empty, dry pycnometer (G), the weight of the
pycnometer filled with distilled water (G1), and
the weight of the pycnometer filled with the mix
(G2) were recorded. The specific gravity was then
calculated using the following formula [14]:

Equation 1

The overrun was measured by comparing the
weight of the ice cream mix (before freezing)
and the ice cream (after freezing) in a fixed,
specified volume. The percentage overrun was
calculated using Equation 2 [16]:

% 100 Equation 2

Overrun =

weight of ice cream
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Texture Analysis Test

To measure texture hardness, a penetrometer
(Precision Penetrometer, Precision Scientific
Company, Chicago) was used to determine ice
cream firmness at -15°C. Samples were
quickly transferred to the penetrometer device
and held at room temperature; the analysis of
treatments was then completed within 30
seconds to minimize textural changes. The
penetrometer was equipped with a stainless-
steel probe (a 60-degree cone with a maximum
diameter of 6.5 cm), positioned aligned with
and in contact with the surface of the sample.
A gravitational force was then applied for 5
minutes to allow the probe to penetrate the
sample. The penetration depth was inversely
related to the sample's hardness [13].

Melting Rate

A sample from each ice cream treatment was
cut from the end of a rectangular container to
prepare a rectangular ice cream block
weighing 100 + 1 g. The dimensions of the
sample (typically 6-7 cm x 6-7 cm %X 3 cm)
varied slightly between ice creams due to
differences in physical properties (Overrun).
The ice cream sample (initially at -15°C) was
placed on a wire screen (6 holes per cm) atop
a funnel leading to a graduated cylinder. The
setup was placed in an incubator at 25°C (50%
RH). The volume of dripped melt was
recorded at 5-minute intervals over a total
period of 3 hours (90 minutes). The time was
plotted against the drip volume, and the slope
of the main melting phase was considered the
melting rate [13].

Dynamic Light Scattering Test

A particle size analyzer (Zetasizer) was used
to examine particle size. For this purpose,
spray-dried ice cream powder was dissolved in
ethanol and thoroughly homogenized prior to
injection into the device. Measurement was
then performed at ambient temperature using
a laser diffraction particle size analyzer. The
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average particle size was determined based on
the volume-weighted mean diameter [17].

Coating/ Morphology Examination Test

The morphological characteristics of spray-
dried ice cream treatments were determined
using a Field Emission Scanning Electron
Microscope (FE-SEM). Approximately 10 mg
of the sample was mounted on a metal stub
and sputter-coated with gold. The surface
features and shape of the samples were then
observed using FE-SEM [18].

Organoleptic Test

The organoleptic properties of the ice cream
treatments were evaluated by a panel of 12
assessors. Panelists were trained to recognize
target attributes in the final product, including
softness, texture uniformity, absence of
sandiness or clumping, fresh (non-cooked)
flavor, appropriate aroma, final mix color, and
overall acceptability. A 5-point hedonic scale
was used for this test, where products were
scored as follows: Excellent=5, Good=4,
Fair=3, Poor=2, and Very Poor=1. Bread and
water were provided between samples for
palate cleansing.

Statistical Analysis

In the first stage, Design Expert 12 software
and the Mixture Components method were
used to optimize the ice cream formulation
production. Three components—kefiran, aloe
vera gel, and guar gum—were used as
independent variables at several levels
suggested by the software (Table 1), and the
effect of each independent variable on the
research's target factors was investigated. In
the second stage, Design Expert 12 software
was also employed for the statistical analysis
of the results. During the analysis phase, after
reviewing Diagnostic plots (Normal Plot,
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Residual vs. Prediction, Cook's Distance, &
Box-Cox Plot) and Analysis of Variance & Fit
Statistics tables, if the initial model was non-
significant for any factor, the best model
suggested by the software (after comparing
models: Linear vs. Mean, Quadratic vs.
Linear, Special Cubic vs. Quadratic, Cubic vs.
Special Cubic, Quadratic vs. Cubic, Special
Quadratic vs. Quadratic, Quadratic vs. Special
Quadratic) was applied with a 95% confidence
level (p < 0.05). All tests were performed in
two blocks and with three replications to
eliminate  environmental  effects and
conditions. Among the resulting plots, 3D
Surface and Real Contour plots were selected
and presented.

3-Results and Discussion
Viscosity or Resistance to Flow

Viscosity is a key parameter for air retention
in the ice cream mix during whipping and is a
fundamental criterion for selecting the
appropriate mixer, transfer pump, and related
equipment [19]. Furthermore, viscosity is a
significant parameter affecting the rate of
creaming, heat transfer and melting rates,
mass transfer, and the flow behavior of milk
and its related products [19]. It is important to
note that several key factors influence the
viscosity of the ice cream mix, including its
compositional elements, particularly the type
and amount of fats and stabilizers (Bahram
Parvar et al., 2008). Figure 1 shows the
viscosity values of ice cream treatments
containing different stabilizer levels. For
evaluating the viscosity of the ice cream
samples, the software suggested the Linear vs
Mean model as the significant (p < 0.05)
model. The results indicated that the addition
of hydrocolloids increased the viscosity of the
ice cream mix, a property attributed to water
absorption and the formation of a gel-like
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network. Comparing the treatments revealed
that kefiran produced the lowest viscosity
(0.25 Pa's), while guar gum produced the
highest (0.282 Pa‘s) in the ice cream mixes,
which was dependent on their water
absorption capacity. Amiri et al. (2012), by
adding mucilage from basil and psyllium
seeds to the ice cream mix, reported that
increasing the concentration of natural gums
leads to an increase in mix viscosity [20].
Javidi et al. (2015), by adding guar and basil
seed gums as fat replacers, reported that
increasing gum concentration increases
viscosity; however, compared to the impact of
fat on increasing viscosity, this increase is
significantly and substantially lower [9].
Some researchers have reported the positive
effect of fibers such as inulin, barley and
wheat fiber, pectin from pumpkin powder, and
isolated pectin on ice cream mix viscosity (due
to increased serum phase solids concentration
and gel network formation), as well as the
effect of wheat germ protein isolate [21-25].
Among the reasons for changes in ice cream
mix viscosity induced by hydrocolloids are
their high molecular weight, limited flexibility
between the constituent monomers of the
polymer chain, and specific interactions with
other polymer chains within the mix [26].
Finally, despite the research conducted in this
area, a precise and optimal amount of
hydrocolloid consumption for achieving
suitable viscosity has not yet been established.
This reality is likely due to factors such as the
different final mix concentrations achieved by
different stabilizers at equal weights, their
varying absorption capacities, the different
functional groups in stabilizer structures
affecting their binding or reaction with water
or the ice cream mix, the differing stabilizing
powers of native and synthetic hydrocolloids,
the stability of the formed gel network, the
presence of ions and compounds affecting
network stability, and similar considerations.
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Fig 1. The effect of different gums on the viscosity of ice cream treatments (X1:A; Aloe vera, X2:B: Kefiran, X3:C: Guar)

Melting Rate

The structure and network of ice cream have a
significant and specific influence on its
melting rate characteristic. This parameter
depends on factors such as the amount of air
incorporated into the ice cream network, the
nature of the ice crystals, and the network of
fat globules formed during the freezing
process [23, 27]. For evaluating the melting
rate of the ice cream samples, the software
suggested the Quadratic vs Linear model as
the significant (p < 0.05) model. Figure 2
shows the results of the effect of adding gums
on the melting rate or melting resistance of the
ice cream.

Based on a comparison of the results from the
melting rate and overrun sections, it was
determined that treatments with lower overrun
exhibited greater melting resistance, or in
other words, a lower melting rate. According
to the results, the formulation containing
kefiran, due to its higher overrun, showed a
lower melting rate (42% decrease), while the
formulation containing guar gum, due to its
increased viscosity, lower air incorporation
(resulting in reduced insulating effect and
increased heat transfer rate), showed a higher
melting rate (80% decrease).

Based on reviewing researchers' findings
regarding the effect of adding gums on

165




Ali Sahrae et al

Investigation of the rheological and...

melting resistance or melting rate, several
perspectives exist. The first perspective is as
follows: adding gums, due to increased
viscosity, leads to reduced air incorporation
during the whipping and aeration process.
Consequently, with less air in the ice cream
mix, the insulating role of air diminishes
(increasing heat transfer rate), leading to a
higher ice cream melting rate [20, 28].

The second perspective pertains to the
viscosity of the ice cream mix. It is possible
that with increased concentration of
hydrocolloids, gums, or water-absorbing and
gel-forming powders, due to water absorption
and increased mix viscosity, more time is
required for the distribution of melted ice
(water from melting) within the ice cream
network. The final result of this shows an
inverse relationship between hydrocolloid
concentration and ice cream melting rate [20,
28].

The third perspective refers to the gel network
of macromolecules. This view states that an
increase in macromolecules and their water
absorption leads to the formation of a gel-like
network, and water particles become trapped
as droplets within this network. However, this
water is considered free water and remains in
the product. Therefore, during heat transfer
and warming, treatments containing a gel
network melt faster compared to the control
sample [29].

Despite the existence of different and
contradictory perspectives, and based on
researchers' studies, it can be concluded that,
in general, increasing air volume and overrun
(reducing heat transfer rate) and hydrocolloid
concentration (due to gel network formation
and water entrapment), as well as using
hydrocolloids with lower shear strength, leads
to a decrease in melting rate.
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Fig 2. The effect of different gums on the melting rate of ice cream treatments (X1:A; Aloe vera, X2:B: Kefiran, X3:C:

Guar)
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Overrun

Overrun is of particular importance due to its
positive impact on production efficiency and its
specific influence on the texture and body of ice
cream [30]. Figure 3 shows the results of
significant increases in the overrun changes of the
ice cream treatments. Some researchers have
reported that this level of overrun is related to the
total solids content, mix viscosity, and the
concentration and combination of its constituent
components [25]. For evaluating the overrun of the
ice cream samples, the software suggested the
Quadratic vs Linear model as the significant (p <
0.05) model. In general, with an increase in gum
concentration, a significant decrease in the overrun
ofice cream treatments is observed [25]. It is likely
that among the reasons for the reduced overrun in
ice cream treatments are a sharp increase in
viscosity and, consequently, reduced air
incorporation into the ice cream mix during the
whipping and aeration process. However, this
decreasing trend was not observed for the two
gums, kefiran and aloe vera gel.

In this research, with an increase in the amounts of
guar gum and aloe vera gel compared to kefiran
gum in the ice cream formulation, a more
significant increase in the reduction of overrun was
observed (due to the higher concentration of guar
gum compared to kefiran and the increased
viscosity of the ice cream network). The overrun
for ice cream treatments containing guar gum and
aloe vera gel was 27.11% and 36.8%, respectively,
while for kefiran gum this value was 38.4%. Amiri

et al. (2012), by adding psyllium seed and basil
seed mucilage to the ice cream mix, reported that
with an increase in psyllium seed mucilage
concentration, the ice cream overrun decreases,
whereas with an increase in basil seed mucilage
concentration, the opposite is true, which is
consistent with the results of this study. They also
reported that with the addition of a combined gum
(mucilage-salep), increasing the stabilizer
concentration leads to a decrease in the overrun of
ice cream treatments [20]. Zarei et al. (2020), by
adding phytosterols to ice cream, reported that with
an increase in phytosterol amount, the overrun of
ice cream treatments increased significantly [6].
Faraji et al. (2014), by replacing sugar with grape
must in ice cream, reported an increase in the
overrun of ice cream treatments [31]. Mahpour et
al. (2020), by adding wheat protein isolate and
investigating its effect on the physicochemical
properties of ice cream, reported that adding
protein isolate, due to increased mix viscosity, led
to a significant decrease in the overrun of ice cream
treatments [25]. Ashourmohammadi & Hosseini
Qaboos (2017), by adding pumpkin powder to the
ice cream mix, reported that with an increase in
pumpkin powder, a sharp and significant decrease
in the overrun of ice cream treatments is observed.
They reported that with increased viscosity, greater
shear force is required for aeration and freezing,
and bubbles, due to bursting, become distributed
asymmetrically and non-uniformly in the ice cream
texture.[YY]

Cverrun (%)

c(17)
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Fig 3. The effect of different gums on the overrun of ice cream treatment (X1:A; Aloe vera, X2:B: Kefiran, X3:C: Guar)

Texture Hardness

Ice cream hardness is measured as the resistance of
the ice cream to deformation when an external
force is applied. Hardness is influenced by factors
such as overrun, ice crystal size, ice phase volume,
and the degree of fat destabilization. An inverse
relationship between hardness and overrun has
been noted by many researchers [23, 32, 33, 34].
Two factors, ice crystal size and ice phase volume,
have a positive effect on ice cream hardness [23].
Sakurai et al. (1996) found that ice creams with
larger ice crystals are harder than those with fewer
coarse ice crystals [23]. Wilbey et al. (1998) found
that ice cream hardness is exponentially related to
the ice phase volume, and the fat network also
influences hardness [34]. Tharp et al. (1998) found
that ice cream hardness increases with higher
levels of Polysorbate 80 (PS80) or fat content [35].

For evaluating the texture firmness of the ice cream
samples, the software suggested the Linear vs
Mean model as the significant (p < 0.05) model.
The results of the hardness variations in the ice
cream treatments are presented in Figure 4. The
application of hydrocolloids in ice cream leads to a
significant increase in the texture hardness of the
treatments. The highest and lowest hardness values
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were related to the treatment with the highest
amount of guar gum (1989.6 grams per square
centimeter) and kefiran (1834.11 grams per square
centimeter), respectively (due to differences in
high or low water absorption capacity). This
change is likely due to the fact that hydrocolloid
powders, in addition to absorbing water present in
the ice cream system and interacting with other
components in the mix, act as nuclei for the growth
of large ice crystals; this action leads to increased
texture firmness in the ice cream treatments.
Mahpour et al. (2020), by adding wheat germ
protein isolate to ice cream, reported that adding
protein isolate leads to an increase in ice mass
volume and the enlargement of ice crystals [25].
Asadi Nejad et al. (2004), by investigating the
effect of whey protein concentrate on ice cream,
reported that the protein concentrate leads to an
increase in the hardness index of ice cream, which
is consistent and in agreement with the results of
the present study.[Y7]
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Adhesiveness Figure 5, a significant difference was observed in

Adhesiveness refers to the amount of work
required to overcome the force at the common
interface between the food material and the
surfaces in contact with it [21]. Essentially, it is a
parameter indicating the force between the food
and the tongue, teeth, and mouth. For evaluating
the adhesiveness of the ice cream samples, the
software suggested the Special Quartic vs
Quadratic model as the significant (p < 0.05)
model. In general, the addition of gum to the ice
cream treatment leads to an increase in the
adhesiveness of the ice cream mix. According to
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the adhesiveness characteristic among the ice
cream treatments, such that the treatment
containing the highest concentration of guar gum
and kefiran showed the lowest (17.31 MJ) and
highest (18.11 MJ) adhesiveness, respectively.
Mahpour et al. (2020), by adding wheat germ
protein isolate, reported that the addition of
macromolecules forming the gel network leads to
an increase in adhesiveness in ice cream treatments
[25], which is consistent with the results of this
research.
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Density

For evaluating the density of the ice cream
samples, the software suggested the Special
Cubic vs Quadratic model as the significant (p
< 0.05) model. Figure 6 shows the results of
the effect of adding gums to the mix of ice
cream treatments on their density. As can be
observed, the use of gums in the ice cream
mix, due to the increase in the mass of the ice
cream and the subsequent water absorption
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and further increase in the final mass, leads to
an increase in density. Accordingly, the
treatment containing the highest level of guar
gum and kefiran exhibited the highest (1.21
g/cm?) and lowest (1.07 g/cm?) density values,
respectively. Mahpour et al. (2020), by adding
wheat germ protein isolate, reported that the
addition of macromolecules forming the gel
network leads to an increase in adhesiveness
in ice cream treatments [25], which is
consistent with the results of this research.
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pH Measurement

For evaluating the pH of the ice cream
samples, the linear model was suggested as the
significant model (p < 0.05) by the software.
The results of the pH measurement test for ice
cream treatments containing different levels of
stabilizers are presented in Figure 7.

The results showed that adding the microbial
exopolysaccharide kefiran led to a significant
decrease in the pH of the ice cream samples,
whereas adding guar gum did not result in a
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significant or remarkable increase in pH,
although an upward trend was observed.
Meanwhile, increasing the amount of aloe
vera gel kept the pH within the range of 5.25.
The highest and lowest pH values were
observed in samples with the highest level of
guar gum (Treatment 3) and the highest level
of kefiran (Treatment 2), respectively. Hwang
et al. (2009) added grape juice to ice cream
formulation and reported that grape juice leads
to a decrease in the pH of ice cream samples
[37], which is consistent with the results of
this study. In contrast, Amiri et al. (2012)
reported no significant change in the pH and
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acidity of ice cream upon adding basil and
psyllium seed gums [20]. Javidi et al. (2013)
reported that no significant change in pH was
observed upon adding guar and basil seed
gums to ice cream.[1]
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Fig 7. Fig 4. The effect of different gums on the pH of ice cream treatments (X1:A; Aloe vera, X2:B: Kefiran, X3:C:

Scanning Electron Microscopy

One of the methods for material analysis
and identification is the use of FE-SEM.
The morphology of the optimized ice
cream samples was examined using an
FE-SEM device. The objective of this test
was to investigate the structure of the
optimized ice cream samples using this
instrument.

As observed in Figures 8, images of the
spray-dried ice cream samples at a
magnification of 10 microns are
presented. Based on the provided figures,
it can be observed that the optimized ice
cream samples containing 17% kefiran
and the treatment with 17% guar gum had
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a spherical, wrinkled structure. These
images revealed that the 17% guar gum
sample, compared to the optimized 17%
kefiran treatment, possessed a
homogeneous structure with regular,
continuous chains of spherical particles
and low  inter-particle  porosity.
Furthermore, the carbohydrate chains
exhibited an adhesive structure with
intact, spherical walls that were wrinkled,
and no evidence of cracking was
observed.

Otalora et al. (2015) stated that
microparticles containing carrier materials
with higher molecular weight experience
less particle wrinkling and breakage. This
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aligns with the comparison of the
molecular weight of guar gum (CssHaoO29)
versus kefiran (Ci2H24011)  and s
consistent with the present results. From
this examination and comparison of the
obtained electron micrographs, it was
determined that treatments containing

lower viscosity and higher overrun. It is
likely that this characteristic, in addition to
being influenced by molecular weight, is
also affected by other factors such as
adhesiveness and viscosity, which aligns
with the results presented in the respective
sections of the current research[38].

17%  kefiran, compared to those
containing 17% guar gum, exhibited
ereater wrinkling after drying due to their

SEM HV: 20.0 kV
View fielid: 41.5 pm
r

(e

VEGAZ TESCAN

=

SEM HV: 20.0 kV ;
View fieid: 41.5 pm 10 pm

Fig 8. The effect of different gums on the structure of ice cream treatments (a: 17% Kefiran, b: 17% Guar)

Dynamic Light Scattering Test 9. Despite differences in the texture and
mouthfeel of the ice cream treatments, which

The results of the dynamic light scattering test were expected due to reduced adhesiveness

for treatments 2 and 3 are presented in Figure
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and increased overrun in treatments
containing kefiran and aloe vera gel, it was
anticipated that the sample with a higher
percentage of guar gum would exhibit greater
particle dispersion.

However, the mean particle diameter for the
treatment with the highest kefiran content
(17%) fell within the range of 1000 to 3500
nanometers (1 to 3.5 microns), with the
highest dispersion observed in the 1500 to
3000 nm region. In contrast, the treatment
with the highest guar gum content (17%)

displayed a broader particle dispersion,
ranging from 1800 to 4200 nanometers (1.8 to
4.2 microns), with the highest concentration of
particles observed between 1800 and 3800
nanometers (1.8 to 3.8 microns).

This increase in particle size for the treatment
containing the higher guar gum level (11.33%)
is attributed to the increased adhesiveness and
final viscosity of the treatment, which aligns
with the results obtained from the electron
microscopy images (indicative of particle
aggregation).
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Fig 9. The effect of different gums on the particle size of ice cream treatments (A: 17% Kefiran, B: 17% Guar)

Sensory Analysis

For evaluating the organoleptic properties of
the ice cream samples, the Linear vs Mean
model was suggested as the significant (p <
0.05) model by the software. The results of the
sensory characteristics of ice cream treatments
containing plant and microbial compounds are
presented in Figure 10 (a, b, ...).

Among the most prominent and important
features for ice cream acceptance from a
consumer perspective are factors such as
overrun, ice cream texture, aroma and flavor,
and the overall acceptability of the final
product. According to Figure 10 related to the
texture of the ice cream samples, it was found
that with an increase in the amount of guar
gum, the adhesiveness of the ice cream
increased, and with a decrease in the amounts
of kefiran and aloe vera gel, the adhesiveness
also increased. For this reason, samples
containing more guar gum had lower overrun
compared to samples containing kefiran and
aloe vera gel, or samples with a higher
proportion of kefiran and aloe vera gel.
However, treatments with a higher proportion
of kefiran and aloe vera gel received higher
scores for aroma and flavor, color, and overall
acceptability compared to samples containing

guar gum.

The application of high levels of guar gum
(increased guar levels) led to a reduction in the
aroma and flavor of the ice cream. This is
attributed to the increased particle diameter in
ice creams containing guar gum, along with
increased overrun and water retention in this
compound and the final product. Ultimately,
this reduces the contact surface area of the
particles with the taste receptors on the tongue,
leading to a decrease in the product's aroma
and flavor. This finding is consistent with the
results obtained from the dynamic light
scattering particle size analysis and the
examination of the morphological and
structural properties of the ice cream.

Amiri et al. (2011), by investigating the effect
of psyllium on ice cream, reported that using
psyllium in ice cream formulation should be
done in combination with other stabilizers to
achieve positive effects on ice cream
properties [20]. Mahpour et al. (2019), by
examining wheat germ protein isolate on ice
cream properties, reported that the mouthfeel
of ice cream can be influenced by viscosity,
aeration level, and melting resistance index.
Accordingly, based on the obtained results,
the ice cream sample with a higher amount of
kefiran, due to its lower viscosity and higher
overrun, had a lower melting rate and
therefore received a higher mouthfeel score
compared to other ice cream samples [25].

Table 2 presents the results for R2, Adjusted R?, Predicted R2, and Adeq Precision.
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Table2. Fit Statistics

pH Overru  Meltin ~ Viscosit ~ Textur  Tissue Density Overal Flavor Color
n g rate y e adhesio 1
n
R? 0.7577  0.9253  0.9986  0.8152 06184 09992 09943 0.6710 0.9203 0.8818
1
Adjusted  0.6971  0.8505  0.9932  0.7690 0.5230 0.9962 09714 0.5887 (0.9003 0.8523
R2
Predicte  0.6010  0.1222  0.2159  0.6217 0.2463 0.5614  -1.3164 0.3971 0.8561  0.7493
dR?
Adeq 10.770  9.2361  49.854  13.1365 7.3066 61.4841 21.536 7.5121 18.820 14.843
Precisio 5 8 3 5 3

n
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7-Final Conclusion

In this research, the addition of stabilizers led
to significant changes in the ice cream.
Specifically, the addition of gums resulted in
an increase in viscosity (Treatment with 17%
kefiran: 0.25 Pa's and Treatment with 17%
guar gum: 0.282 Pa-s) and adhesiveness (Guar
gum: 18.11 and Kefiran: 17.31 g/cm?) of the
ice cream treatments. Furthermore, the density
of the treatments increased with higher gum
content and water absorption (Guar gum: 1.21
and Kefiran: 1.07 g/cm?®). In general, as
viscosity increases, the incorporation of air
into the ice cream mix decreases. This leads to
a reduction in the volume of air trapped within
the ice cream network, diminishing its
insulating  properties and consequently
increasing the rate of heat transfer. Ultimately,
this resulted in a higher melting rate for these
treatments (Treatment with 17% kefiran: 42%
and Treatment with 17% guar gum: 80%). In
line with this, the increase in gums and the
subsequent rise in viscosity, followed by
reduced air incorporation, led to a significant
decrease in the overrun of the treatments. For
equal weights, the gum that created a higher
concentration caused a more pronounced
reduction in this factor (Treatment with 17%
kefiran: 38.4% and Treatment with 17% guar
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gum: 27.11%). Overall, an inverse
relationship exists between texture hardness
and the overrun factor in ice cream. The
increase in gums, due to higher solids content
and absorption, leads to a larger volume of ice
crystals within the ice cream network,
consequently increasing its hardness. In this
study, the highest value was observed in the
treatment with 17% guar gum. Finally, the
addition of gums did not dramatically alter the
pH of the treatments; however, adding a
higher amount of guar gum compared to
kefiran increased the pH.

Data Availability

The data used to support the finding of this
study are available from the corresponding
author upon request.

Conflict Of Interest

The authors have no conflicts interest to
report.

Funding Statemant

The researchers did not receive any specific
grant from funding agencies the public,
commercial or not-for-profit sectors.

8-References

[1] Issariyachaikul, K. (2008). Development of
modified fat ice cream products using inulin as a fat
replacer [Master's thesis, Mahidol University].

[2] Mortazavi, S. A., Ghods Rouhani, M., & Joyandeh,
H. (2006). Technology of milk and dairy products.
Ferdowsi University of Mashhad Publications.

[3] Irigoyen, A., Arana, 1., Castiella, M., Torre, P., &
Ibanez, F. C. (2004). Microbiological, physicochemical,
and sensory characteristics of kefir during storage. Food
Chemistry, 90(4), 613-620.

[4] Kooiman, P. (1968). The chemical structure of
kefiran, the water-soluble polysaccharide of the kefir
grain. Carbohydrate Research, 7(2), 200-211.

[5] Mitsue, T., Tachibana, K., & Fujio, Y. (1999).
Efficient kefiran production by a mixed culture of



Ali Sahrae et al

Investigation of the rheological and...

lactobacillus kefiranofaciens KF-75 and yeast strains-
Note. *Seibutsu-Kogaku Kaishi, 77*(3), 99—103.

[6] Zarei, M. A., Pourahmad, R., & Hashemi-Ravan, M.

(2010). Investigation of the physicochemical and
sensory properties of ice cream enriched with
phytosterols. Journal of Food Science and Technology,
68(3), 35-64.

[7] Klesment, T., Stekolstsikova, M., & Laos, K.
(2011). The influence of hydrocolloids on storage
quality of 10% dairy fat ice cream. Agronomy Research,
9(Special Issue 1), 403—408.

[8] Rincon, F., Leon de Pinto, G., & Beltran, O. (2006).

Behaviour of a mixture of Acacia glomerosa,
Enterolobium cyclocarpum and Hymenaea courbaryl
gums in ice cream preparation. Food Science and
Technology International, 12(1), 13-19.

[9] Javidi, F., Razavi, S. M. A., Mazaheri Tehrani, M.,
& Emadehzadeh, B. (2012). The effect of guar gum and
basil seeds on the physical properties of semi-fat and
low-fat ice cream. Iranian Journal of Food Science and
Technology Research, 11(5), 694—706.

[10] Soleimanifard, M., Aalami, M., khodaiyan Chegeni,
F., Najafian, G., & Sadeghi Mahoonak, A. R. (2015).
Production of kefiran in kefir grains and its effects on the
rheological properties low protein wheat dough and
quality of France bulky bread. Advances in Crop Science
and Technology, 3(4), 1-6.
https://doi.org/10.4172/2329-8863.1000171

[11] Soleimanifard, M., A'alami, M., Heydari, R.,
Sadeghi Mahonak, A. R., & Najafian, G. (2017). Kefiran
extraction and its effect on farinographic characteristics
of wheat dough and quality of French bread. Iranian
Journal of Food Science and Technology, 14(72), 301—
312.

[12] Marshall, R. T., & Arbuckle, W. S. (1996). Ice
cream (5th ed.). Chapman & Hall.
http://dx.doi.org/10.1007/978-1-4613-0477-7

[13] Akalin, A. S., Karagdzlii, C., & Unal, G. (2008).
Rheological properties of reduced-fat and low-fat ice
cream containing whey protein isolate and inulin.
European Food Research and Technology, 227(3), 889—
895.

[14] Mahdian, E., Mazaheri Tehrani, M., & Shahidi, F.
(2011). Evaluation of the physicochemical and sensory
properties of low-fat ice cream containing inulin and
lactulose. Quarterly Journal of Food Science and
Technology, 8(31), 107-114.

[15] Institute of Standards and Industrial Research of
Iran. (2008). Ice cream - characteristics and test methods
(National Standard No. 24).

178

[16] Marshall, R. T., Goff, H. D., & Hartel, R. W. (2012).
Ice cream. Springer Science & Business Media.

[17] Sze, A., Erickson, D., Ren, L., & Li, D. (2003).
Zeta-potential measurement using the Smoluchowski
equation and the slope of the current—time relationship
in electroosmotic flow. Journal of Colloid and Interface
Science, 261(2), 402—410.

[18] Varshosaz, J., Hassanzadeh, F., Sadeghi, H., &
Andalib, S. (2012). Synthesis of octadecylamine-retinoic
acid conjugate for enhanced cytotoxic effects of 5-FU
using LDL targeted nanostructured lipid carriers.
European Journal of Medicinal Chemistry, 54, 429—438.

[19] Bahramparvar, M., Haddad Khodaparast, M. H., &
Razavi, S. M. A. (2009). The effect of stabilizers on the
viscosity, syneresis and textural properties of regular and
light ice cream. International Journal of Dairy
Technology, 62(4), 571-576.

[20] Amiri-Aghdaie, S. S., A'alami, M., Rezaei, R,
Dadpour, M., & Khamiri, M. (2012). The effect of basil
and eschar seeds mucilage on the physicochemical,
rheological and sensory properties of soft ice cream.
Journal of Research and Innovation in Food Sciences
and Industries, 1(1), 28-36.

[21] Bahramparvar, M., & Stathopoulos, C. (2010).
Effect of egg yolk substitution by sweet whey protein
concentrate (WPC), on physical properties of Gelato ice
cream. International Food Research Journal, 17(3), 787—
793.

[22] Ashourmohammadi, M., & Hosseini Qaboos, S. H.
(2018). Production of functional ice cream with pumpkin
powder. Journal of Food Science and Technology,
15(57), 364-372.

[23] Soukoulis, C., Chandrinos, 1., & Tzia, C. (2008).
Study of the functionality of selected hydrocolloids and
their blends with k-carrageenan on storage quality of
vanilla ice cream. *LWT - Food Science and
Technology, 41*(10), 1816-1827.

[24] Yoo, S. H., Lee, B. H., Lee, H., Lee, S., Bae, . Y.,

Lee, H. G., & Fishman, M. L. (2012). Structural
characteristics of pumpkin pectin extracted by
microwave heating. Journal of Food Science, 77(11),
C1169-C1173.

[25] Mahpour, H., Mokhsem, T., & Shahriari, Sh.
(2019). The effect of using wheat germ protein isolate on
the physical, rheological, textural and sensory properties
of ice cream. Iranian Journal of Food Science and
Technology Research, 17(2), 243-259.

[26] Roller, S., & Jones, S. A. (1996). Handbook of fat
replacers. CRC Press.



Iranian journal of food science and industry

Number 170, Volume 23, April 2026

[27] Kaya, S., & Tekin, A. R. (2001). The effect of salep
content on the rheological characteristics of a typical ice-
cream mix. Journal of Food Engineering, 47(1), 59-62.

[28] Sofjan, R. P., & Hartel, R. W. (2004). Effects of
overrun on structural and physical characteristics of ice
cream. International Dairy Journal, 14(3), 255-262.

[29] Goft, H. D., & Jordan, W. K. (1989). Action of
emulsifiers in promoting fat destabilization during the
manufacture of ice cream. Journal of Dairy Science,
72(1), 18-29.

[30] Goff, H. D. (2011). Ice cream and frozen desserts:
Product types. In J. W. Fuquay, P. F. Fox, & P. L. H.
McSweeney (Eds.), Encyclopedia of dairy sciences (2nd
ed., pp. 893—-898). Academic Press.

[31] Faraji Kafshgari, S., Fallah Shojaei, M., & Akbarian
Meymand, M. J. (2014). Effect of sugar replacement
with grape syrup on physicochemical and sensory
properties of vanilla ice cream. Innovative Food
Technology, 2(6), 85-93.

[32] Goff, H. D. (1997). Colloidal aspects of ice cream—
A review. International Dairy Journal, 7(6-7), 363-373.

[33] Tanaka, M. A., Pearson, A. M., & deMan, J. M.
(1972). Measurement of ice cream hardness with a
constant speed penetrometer. Canadian Institute of Food
Science and Technology Journal, 5(2), 105-110.

[34] Wilbey, R. A., Cooke, T., & Dimos, G. (1998).
Effects of solute concentration, overrun and storage on
the hardness of ice cream. In W. Buchheim (Ed.), Ice
cream: Proceedings of the International Symposium held
in Athens, Greece, 18—19 September 1997 (pp. 186—
187). International Dairy Federation.

[35] Tharp, B. W, Forrest, B., Swan, C., Dunning, L., &
Hilmoe, M. (1998). Basic factors affecting ice cream
meltdown. In W. Buchheim (Ed.), Ice cream:
Proceedings of the International Symposium held in
Athens, Greece, 18—19 September 1997 (pp. 54-55).
International Dairy Federation.

[36] Asadinejad, S., Habibi Najafi, M. B., Razavi, S. M.
A., & Nasiri Mahallati, M. (2004). The effect of whey
protein concentrates on the physicochemical and sensory
properties of ice cream. Journal of Agricultural Sciences
and Natural Resources, 11(4), 95-105.

[37] Hwang, J. Y., Shyu, Y. S., & Hsu, C. K. (2009).
Grape wine lees improves the rheological and adds
antioxidant properties to ice cream. *LWT - Food
Science and Technology, 42*(1), 312-318.

[38] Otalora, M. C., Carriazo, J. G., Iturriaga, L.,
Nazareno, M. A., & Osorio, C. (2015).
Microencapsulation of betalains obtained from cactus
fruit (Opuntia ficus-indica) by spray drying using cactus

179

cladode mucilage and maltodextrin as encapsulating
agents. Food Chemistry, 187, 174—18.



VECO 358 T 5 OV slad DLl Gl mlis 5 poke aloe

www.fsct.modares.ac.ir 14w ol

&A}jﬁ_ﬂ& Jlae

T a4 AL LaediS Sl 5 O b odd (3l 58 (s leard 5050 5 (S5 P55 GBS R won

Mixture Design b glses

#Y

Lo . N A
355 Slack oy geate &l 3 S i Slgs s ¢ SISS ) ol s Jo

OB, ol&ails (S pals 0aSLES1s ¢ e 3l 50 Sy 05,8 HLsliud -

Ol 53 dly ol 33T osls (g3, 5LES o aSCiils o lis gl s pske A5l b )ls ast el Eils-Y

OS5, 2L (a5 (6355l K2l (e bis 5 pske 03 S skl T

oS>

-

dlae SleMb|

5L S5 s 4 T 5l gland 5 S GacSls S 1 g OLudS (i cnl 5
3 (535 2e9) (VL 5 VYL AL 0NV YAYL) Cilisee o 5 158 5 155 46501
5 bS5 ( (S5 gla Sy 0T Sl 503558 i 4 (gens 100) 05
ST s 3 eslinal b s osls Jows 5 525 128 S 513 gy 3530 Hoam S 550
Design i3 5 51 eslinad b 70 Jlexm| mlae 53 il omslio Jo Jave i bl
035580 313 OLES adllan 350 ten ol 555 50 (sla ofj@u =3 8 pllExpert 12
3t e S5 les (S 5 35 S a3 5Sm s SRl 4 e LS IS 55 e
JAV 5 OVIIMI —£Y7 = «.Yo Pas/s) cp 2eS Ol LIV sl slasles 5 o5k 4
s s GRlIL L Ll 1 e o i QANMI-IAY + YAYPas/s) ,I S
iSO TV laled sl Dlde pl S ok 4 3L Rl n slasles
Lo il 3103 50 15 15 e 5V (VaAdgr/em?) 5,8 73V 5 (AYE. N \gr/em?)
Y e g5 gbasles FE-SEM sl 558 oo it slsles ol lem> 42
SOL 05 5 ¢S SAS 5,2 LS 53 bl SIS TV sl o 5l LS IS 5 0l S
W OLiS ghols slasles ly3 o3l sls 0L DLS sl sls 0Las 1y (o1 5 pebavs 5550
315 0L ey slasles Sad Sl851 0 g3l gl s 05 Sea Y0 ) a3 Sl sl
o VL Sl IS 200y 5 S0, 5580 s 51 dindls OS5 ey ol &8 Lo slas

Azl 1S ol gla Lsad

s gls o
VEvg/ VXY :ah)é @JU
\F S VAL VAN STIC é;‘a’

VECE/ AN 1B b

1S wlds

gl - b
(Ol uiS
oS 5 e

L]

bt S5 5 S5 8s sbm S

10.48311/fsct.2026.84099.0

L J s *

mansooresoleimani 14@gmail.com,
mansooresoleimanil4@ardakan.ac.ir

180


http://www.fsct.modares.ac.ir/

