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Tarangabin manna (TM) is a resinous substance having a yellowish sticky character with a reasonably sweet taste. It is largely
collected in Iran and Afghanistan. This study for the first time presents a comprehensive investigation of the techno-functional,
rheological, and interfacial characteristics of water-soluble components for TM. The composition analysis revealed protein,
moisture, fat, ash, and carbohydrate contents of 1.58, 2.98, 0.51, 2.04, and 92.90%, respectively. The effects of TM concentration on
the physicochemical, structural, rheological, interfacial, emulsion, and foaming ability and stability were evaluated. X-ray
diffraction analysis showed an amorphous structure for the purified sample and a crystalline structure for the raw sample. TM
solutions exhibited Newtonian behavior, with the apparent viscosity decreasing as temperature increased, fitting well with the
Arrhenius model. The TM solutions exhibited weak viscoelastic properties, primarily demonstrating a dominant viscous
character. The surface tension and interfacial tension of the TM solution prepared at a concentration of 50% were measured at
45.23 mN/m and 7.74 mN/m, respectively. The contact angle of the dry thin layer of TM was determined to be 31.74°. Remarkably,
the TM solution at a concentration of 50% exhibited the highest foaming ability (76.80%), foaming stability (91.92%), and
emulsifying activity index (24.53%). The findings, coupled with TM appropriate foaming ability and stability, sweetness, and

characteristic flavor, suggest that TM holds potential as a special food ingredient.

1. Introduction

Tarangabin manna (TM) is sweet, yellowish in color and
semiliquid exudate, created on the aerial parts of some
Alhagi genera, such as Alhagi pseudalhagi or Alhagi
maurorum (Camelthorn). It is produced by an insect called
Poophilus nebulosus Leth. (belongs to the genus Larinus,
Cercopidae family, Homoptera phylum), which lives on the
aerial parts of the plant. To be precise, TM is the exudation of
this insect produced after nourishment on the plant, which
crystallizes and dries on the plant. It should be pointed out
that TM is not producible from all genera of Alhagi, while
the climate condition also plays an important role in its
formation. Special attention has been paid to TM in some
major Materia Medica manuscripts of the Islamic era as one

of the most commonly used medicinal matters in Islamic
Traditional Medicine. In Greek medicine, “manna” is
a collective term used to describe the extraction of sweet
resin from the leaves and stems of the plant. A. maurorum,
growing naturally in the Khorasan region (Iran’s North
Eastern province), hosts an insect, which produces manna.
Insects usually produce a gummy and sticky liquid, which is
dried by the air and transformed into small, solid sticky
particles. The manna sticks to the branches of A. maurorum
[1-13].

When dry, it is fairly sweet yellowish resinous material
resembling tear-shaped droplets measuring 1-3 mm. It has
been widely used as a “herbal medicine.” However, its
limited use as a food ingredient is likely due to low avail-
ability and lack of information. It has a significant
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carbohydrate content, specifically sucrose (up to 42%). It is
also a good source of iron (782 mg/kg), zinc (18.6 mg/kg),
and copper (23.3 mg/kg) [3, 4].

Extensive research has been conducted on the medicinal
properties of TM, uncovering a multitude of benefits. These
include its antiprotozoal, antibiotic, antimicrobial, anti-
bacterial, antifungal, antinociceptive, anti-inflammatory,
antiulcer, diuretic, antidiarrheal, antiurolithiasis, anti-
acetylcholinesterase, NADH oxidase activity, and antioxi-
dant properties. Based on the Medica manuscripts of Islamic
Traditional Medicine, TM is prohibited in acute fever,
smallpox, typhoid, bloody diarrhea, and hemorrhage. Tra-
ditionally, TM has been used in combination with other
substances to treat various ailments. For example, its
combination with butter relieves dysuria, with fresh milk
enhances libido, and with cumin alleviates flatulence. A
study on the total aqueous fraction of Tarangabin manna has
revealed its potential immunostimulatory effects in the
human body [1, 5, 6].

There are several publications focusing on the insect
(Poophilus nebulosus Leth.) and its host (A. maurorum) and
sparse research on the medicinal properties of TM, but no
published article is available covering a thorough research on
the techno-functional, rheological, and interfacial charac-
teristics of Tarangabin manna (TM). An article by Farahnaky
et al. [7] published limited data on physicochemical and
rheological properties of Gaz-angabin, an exudate from
Astragalus adscendens by Cyamophila dicora.

Therefore, this study aims to provide comprehensive
data on the characteristics of TM suitable for its possible
application in the food and pharmaceutical industries.
Hence, various aspects of TM collected from the northern
region of Iran were thoroughly tested and analyzed. For
this purpose, physicochemical characteristics such as
protein, fat, ash, moisture, sugar type and content, zeta
potential, molecular weight, contact angle, structural
(XRD, FTIR, and SEM), rheological (apparent viscosity,
temperature-dependent viscosity, amplitude, and fre-
quency sweep), emulsifying (interfacial and surface ten-
sion, and emulsion activity), and foaming properties
(foaming ability and foaming stability) evaluated.

2. Material and Methods

2.1. Material. Tarangabin manna was collected from
Kashmar, Khorasan Razavi, Iran. Canola oil was purchased
from Narges Oil Company (Shiraz, Iran). Hexane, KBr,
Toluene, and egg albumin were procured from Sigma-
Aldrich (St. Louis, MO, USA).

2.2. List of Abbreviations. Fourier-transform infrared spec-
troscopy (FTIR), double-distilled water (DDW), X-ray
diffraction (XRD), molecular weight (MW), zeta potential
(ZP), contact angle (CA), interfacial tension (IFT), scanning
electron microscopy (SEM), water activity (aw), activation
energy (Ea), linear viscoelastic region (LVE), emulsifying
index (EAI).
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2.3. Sample Purification. TM crude powder (400g) was
dissolved in 500 mL double-distilled water (DDW) for
12 hours and filtered by a cloth filter to remove soil, thorns,
and rocks. The filtrate was centrifuged at 5000 g for 10 min to
eliminate remaining solid residue. The supernatant was then
lyophilized, and purified TM powder was kept in polyethylene
bags at 4°C. Purified TM (water-soluble component) is used at
0, 5, 25, and 50% (W/W) concentration for further analysis.

24. Chemical Composition. The moisture, protein
(expressed as % Nx5.75), and ash content of the TM
samples were determined according to the standard AOAC
(2005) methods, specifically 925.1, 920.87, and 923.03, re-
spectively. Each measurement was conducted in triplicate,
and the reported values represent the average results [8].

2.5. Sugar Analysis by HPLC. Free sugar compositions were
separately determined using the HPLC system (Knauer,
Germany) equipped with Smartline pump 1000 and CI18
column (Eurokat pb, particle size 10 ym, length 300 mm,
internal diameter 10 mm, Knauer, Germany) and RI de-
tector 2300 at 65°C. TM (10000 ppm) was dissolved in DDW.
The mobile phase comprised a DDW at a flow rate of
0.8 mL/min. The findings were determined by internal
normalization of the chromatographic peak area. In-
gredients were reported by comparing the relative retention
times (RT) of peaks with standard sugars. The standards
were fructose, mannitol, sucrose, glucose, xylose, mannose,
and arabinose at the concentration of 0-1000 ug/mL [9].

2.6. Fourier-Transform Infrared Spectroscopy (FTIR). The
lyophilized TM powder was converted to the pellets after
mixing with KBr with a ratio of 1:99. The FTIR spectrum
was recorded by Thermo Nicolet Avatar 370 (Madison, WI,
USA) and was inspected in the wavenumber ranged from
4000 to 400 cm~—1.

2.7. X-Ray Diffraction (XRD). XRD pattern was performed
by an X-ray powder diffractometer (Bruker AFX D8, Ger-
many) at 40kV and 40 mA. Data were reported from 26 of 5°
to 70°. This test was carried out on both the physically
cleaned crude manna and freeze-dried purified powder.

2.8. Molecular Weight (MW) Measurement. The MW of
lyophilized TM powder was measured by a dynamic light
scattering instrument (DLS, SZ100, Horiba, Japan) working
under the static mode at scattering angle of 90° at room
temperature [10]. Various concentrations (ranging from
0.625 to 5mg/mL) of samples were prepared in DDW.

2.9. Zeta Potential (ZP). ZP values of different TM solutions
at concentrations of 1, 5, 25, and 50% were measured by the
DLS technique (SZ100, Horiba, Japan) at room temperature
using the Smoluchowski model. The samples were diluted
with DDW in ratio of 1:100 before measurement [11].
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2.10. Contact Angle (CA) and Interfacial Tension (IFT).
To measure the contact angle, thin layers of different TM
solutions were applied onto glass slides and left to dry. A
water droplet (2 uL) was then placed on the glass slide using
a capillary tube. The contact angle of TM was determined
using the static immobile drop method with a drop shape
analyzer (DSA 100, KRUSS GmbH, Hamburg, Germany). A
CCD high-definition camera with a soft-focus lens was used
to capture an image of the droplet. The analysis was per-
formed using the software provided with the drop-shape
analyzer [12].

To assess the oil-water interfacial tension (IFT) of pu-
rified TM, the pendant drop method was employed using the
DSA 100 drop-shape analyzer. A drop of the TM solution
was formed from a capillary tube immersed in pure canola
oil. A photograph of the solution drop was captured using
a high-speed CCD camera equipped with a macro lens. The
interfacial tension was measured at the point where the drop
detached from the needle, and the calculation was based on
processing the shadow of the digital photo and utilizing the
Laplace-Young equation [13].

2.11. Scanning Electron Microscopy (SEM). The surface
morphology of the lyophilized TM powder was examined
using a scanning electron microscope (SEM) (TESCAN
Vega3, Czech Republic). The samples were affixed to an
aluminum tape and coated with a thin layer of gold using
a sputter coater (DSR1, Nanostructural Coating Co., Iran).
Micrographs were captured at an accelerating voltage of
15kV [14].

2.12. Rheological Properties

2.12.1. Apparent Viscosity. To assess the flow behavior of
purified TM solutions (concentrations ranging from 1-50%
w/v), measurements were conducted at 25°C using an Anton
Paar MCR 302 rheometer (Graz, Austria). The rheometer
was equipped with a cone-plate geometry (CP25-1) featuring
a cone diameter of 25mm, a gap size of 0.052mm, and
a cone angle of 1. To maintain a precise temperature control
(+0.1°C), a Peltier system was employed [15].

2.12.2. Time Dependency. The time-dependent flow be-
havior characteristics of different TM solutions (1 to 50%
w/v) were studied at shear rate (y) of 100 s! over time (0 to
9005s).

2.12.3. Temperature Dependency. The apparent viscosity of
purified TM solution at concentrations of 1, 5, 25, and 50%
(w/v) was evaluated by heating the solutions from 20 to 60°C
and cooling them from 60 to 20°C, at a constant shear rate of
100s™". This study was conducted following the guidelines
provided in Section 2.12.1. Furthermore, the observed vis-
cosity behavior was fitted to an Arrhenius model using
MATLAB R2018b (MATLABS®, ver.9.5.0, 2018).

2.12.4. Amplitude and Frequency Sweep Test. To assess the
rheological properties of purified TM solutions, dynamic
measurements were conducted at room temperature. A
CP25-1 cone-plate geometry on an Anton Paar rheometer
was utilized for these tests. The solutions were prepared at
concentrations of 1, 5, 25, and 50% (w/v). Amplitude sweep
tests were conducted, subjecting the solutions to shear
strains ranging from 0.01% to 100% at a constant frequency
of 1 Hz. Furthermore, frequency sweep tests were performed
within the linear viscoelastic (LVE) region, varying the
frequency from 0.01 Hz to 100 Hz while maintaining a steady
shear strain of 1%.

For each test, a carefully measured volume of 2 mL TM
solution was placed on the rheometer plate and allowed to
settle for 15minutes. RheoCompass™ software was
employed to analyze the rheological parameters, providing
insights into the flow behavior of the solution, whether it
displayed elastic or viscous characteristics [16].

2.13. Surface Tension. To determine the surface tension of
purified TM solution, samples of various concentrations (1,
5, 25, and 50%) were dissolved slowly in DDW using
a magnetic stirrer for 15 minutes at 300 rpm. Subsequently,
the samples were left at room temperature for one day to
complete the dehydration process and allow the surface
tension to reach equilibrium.

To accurately measure the surface tension at room
temperature, a digital tensiometer (Kino Industry, A20l,
USA) was employed. This instrument provided precise
readings of the surface tension for each sample, ensuring
accurate analysis. During the experiment, the platinum plate
was immersed in the liquid, and the sensor detected the
balance value in this submerged state. Subsequently, this
value was converted into the corresponding surface tension
value, which was then displayed for further examination.

2.14. Emulsion Preparation and Characterization. To eval-
uate the emulsifying ability, purified TM solutions at con-
centrations 1, 5, 25, and 50% (w/v) were hydrated in
17.50 mL of DDW. Subsequently, 7.5 g of pure canola oil was
slowly added to each solution. The mixtures were homog-
enized using an Ultra-Turrax (T18, IKA, Germany) at
15,000 rpm for 2 minutes, following the method described by
Naji-Tabasi and Razavi [17]. The emulsifying ability of each
concentration of TM solution was determined using the
approach outlined by Naji-Tabasi and Razavi [17]. Specifi-
cally, emulsions of each concentration of TM (100 yL) were
freshly added to 25 mL of DDW, and the absorbance of the
resulting emulsions was measured at 500 nm. This allowed
for the assessment of the emulsification effectiveness of TM
at different concentrations.

2.15. Foam Preparation and Characterization. The capability
of purified TM to prepare egg albumin foam was determined
using the model discussed by Naji-Tabasi and Razavi [17].
Briefly, egg albumin (0.3% w/v) was dissolved with 20 mL of



hydrated solution of TM at concentrations of 1, 5, 25, and
50% (w/v). Whipping was done intensely with speed of
15000 rpm by an Ultra-Turrax for 2 min. The amount of
foam was calculated after production and then after 30 min.
The ability of foaming and the stability of foaming were
measured using the following equations:

Ability of Foaming (%) = <V7f0> x 100, (1)
f
Stability of Foaming (%) = (%) x 100, (2)

where Vf0 is the volume of foam at the beginning, V{30 is
the volume of the foam after 30 minutes, and V is the whole
volume of solution.

2.16. Statistical Analysis. All experiments were conducted
using a completely randomized design with three replica-
tions. The analysis of variances was performed, and Dun-
can’s test (SAS® software, ver. 9.1, SAS Institute Inc., NC,
USA) was employed to compare the means. A significance
level of p <0.05 was used to evaluate significant differences
between the means in the statistical analysis of quantitative
data [18].

3. Results and Discussions

3.1. Chemical Composition. Results demonstrated that TM
contains 1.58% +0.23 protein, 2.98% +0.62 moisture,
0.51% +0.09 fat, 2.046% + 0.06 ash, and 92.90% + 0.53 car-
bohydrate. The TM is a rich source of carbohydrate.
Aynehchi [19] reported that Tarangabin had 26.44% sucrose,
11.64% fructose, 12.4% mucilage, and 5.8% ash. Sherahi et al.
[20] reported that moisture content, protein, ash, fat, and
carbohydrate of Descurainia sophia seed gum were 5.14,2.12,
3.01, 0.77, and 78.23%, respectively. Ramezany et al. [2]
reported that the ash and moisture content of Persian
Manna were 3.5% and 4.57%, respectively. The protein
content in this manna has an important role in the emul-
sifying activity and reducing interfacial tension [21].

3.2. Sugar Analysis. HPLC is a highly accurate and reliable
method for analyzing manna exudates. Since sugars are not
typically detectable using ultraviolet light, RI detectors are
employed for their detection. Figure 1(a) displays the HPLC
chromatogram obtained from the analysis of manna
exudates.

In this study, the important carbohydrates found in the
TM exudates, namely, mannitol (538.85 ppm) and sucrose
(418.27 ppm), were quantified by generating a calibration
curve. Additionally, xylose (16.36 ppm) was detected in the
sample with the retention time of 16.67, 8.98, and 8.08,
respectively. However, fructose, glucose, and arabinose were
not detected using HPLC.

Previous research by Fakhri et al. [22] highlighted
mannitol as the primary sugar present in manna exudates
from certain cotoneaster species. Similarly, Caligiani et al.
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[23] reported mannitol as the main sugar in manna exudates
obtained from Sicilian Fraxinus excelsior L. Furthermore,
Aynehchi [19] reported that Tarangabin contains 26.44%
sucrose and 11.64% fructose. These findings provide valuable
insights into the composition of TM and other manna
exudates.

3.3. FTIR Spectroscopy. The purified TM powder underwent
FTIR spectroscopy analysis to evaluate its functional groups
and structural properties. Figure 1(b) displays the FTIR
spectra of TM, and the corresponding peak assignments are
provided in Table 1.

The broad absorption bands observed at 3276 cm™" in-
dicate the presence of various attributes, such as stretching
bonds of free hydroxyl groups and O-H bands of carboxylic
acid. Additionally, the absorption bands at 2924 cm™" are
assigned to stretching and bending vibrations of -CH2- and
>CH- groups [24].

The absorption peaks at 1412cm™" and 1627 cm™' in-
dicate stretching vibrations of C=N and C=C bonds, re-
spectively. Furthermore, the bands observed at 1037 cm™"
are attributed to stretching vibrations of C-O-C glycosidic
bonds. The wide range of absorption between 3500 and
3000 cm " indicates the presence of functional groups like
stretching bonds of free hydroxyl groups and O-H bands of
carboxylic acid. The broad absorption bands at 3000 cm™*
and 2800cm™" are specified for stretching and bending
vibrations of -CH2- and >CH- groups [25].

In the FTIR spectra, peaks observed in the range of
800-1200 cm ™" correspond to C-O bands in carbohydrates,
while peaks in the range of 1300-1500 cm ™" are related to
carboxyl groups of galacturonic acid, indicating the presence
of sugars and carbohydrate structures in the manna. The
peaks observed in the range of 3200-3400cm " are asso-
ciated with hydrogen bonding involving hydroxyl groups.
Additionally, peaks in the range of 1600-1700 cm™" corre-
spond to the amide I group of proteins [25].

These findings obtained from the FTIR spectroscopy
analysis provide valuable insights into the functional groups
and structural properties of TM, shedding light on its
composition and characteristics.

3.4. X-Ray Diffraction. XRD analysis is a valuable method
for evaluating the crystalline and amorphous structure of
carbohydrates. Each crystal structure exhibits a unique X-ray
pattern. Figure 1(c) depicts the XRD curves of both the
native and purified TM samples.

The results indicate that the structure of TM undergoes
a transformation from crystalline to amorphous form after
solution and drying. The purified TM sample exhibits a peak
at 20.95°, which corresponds to the amorphous structure of
carbohydrate samples. This amorphous structure is associ-
ated with higher solubility.

Previous research by Oetjen and Haseley [26] supports
these findings, as they reported a significant increase in
amorphous structure after freeze-drying a crystalline sam-
ple. Additionally, Rezaei et al. [27] reported that the solu-
bility of almond gum is influenced by the crystalline
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and (c) X-ray diffraction (XRD) patterns of the purified TM.

TaBLE 1: FTIR peak assignments of purified Tarangabin manna.

Wave number (cm™)

Assignment

3276.25
2924.21
1627.21
1412.59
1335.46
1263.03
1103.52
1037.42
490.23

-OH stretching vibrations
-CH2- and > CH- stretching and bending vibrations
C=C stretching vibration and C=0 stretching vibration
C=N stretching vibration
HCOO-
-OH bending vibration
C-N (aliphatic amine)
C-O-C stretching vibrations of glycosidic bonds
C-C-O and C-O-C

structure of the gum. They found that the crystallinity index
of the insoluble part, soluble part, and whole gum was
36.33%, 24.27%, and 26.46%, respectively. These observa-
tions from XRD analysis provide valuable insights into the

structural changes of TM, indicating a shift from crystalline
to amorphous form during the purification process. The
resulting amorphous structure contributes to its higher
solubility.



3.5. Molecular Weight (MW) and Zeta Potential. The average
molecular weight (MW) of TM was determined based on DLS
method. The MW of TM was 7.8 kD, which was pretty low.
MW of 1130kD for Commiphora africana exudate [28], 5.17
and 16.4kD for peach gums [29], and 0.24 and 2.95kD for
Acacia gums [30] were reported. Low rheological properties
may be attributed to the low molecular weight of TM in
comparison with other known carbohydrates and hydro-
colloids. High molecular weight hydrocolloids having long
chain usually show higher water absorption and viscosity [27].

The zeta potential of TM is exhibited in Figure 2(a). The
results showed that zeta potential of 1, 5, 25, and 50% (w/v)
of TM was -8.93, —11.13, -21.56, and -39.46mV, re-
spectively. An almost 5-fold decrease in the zeta potential is
observed as concentration increases by 50 times (p < 0.05).
The negative charge of TM is related to carboxyl and hy-
droxyl groups of TM, which detected in the FTIR spectra
too. Zeta potential is an indication of the surface charge on
the particle. Higher zeta potential is suitable for the pro-
duction of stable colloidal systems, foaming, and emulsion
system. By measuring the zeta potential of the solution, the
amount of electrostatic repulsion forces between droplets of
the same name (which prevents them from coming close to
each other) can be determined [31].

3.6. Contact Angle. Contact angle was used for evaluating
the material surface, hydrophobicity and hydrophilicity, and
wettability of polymer surface. Contact angle measurement
depends on various factors at macro- and microlevels. The
contact angle of TM solution at various concentrations is
demonstrated in Figure 2(b). The contact angle of 1, 5, 25,
and 50% TM solutions after drying was 28.27, 28, 31.01, and
31.74°. There are not any significant differences between the
samples (p >0.05). As shown in FTIR and zeta potential due
to the presence of hydroxyl and carboxyl groups, the nu-
merical value of contact angle shows that the TM had hy-
drophilic properties. Dupas et al. [32] evaluated the contact
angle of sucrose at different particle sizes and maltodextrin
at various molecular weights. They reported that the contact
angle of sucrose is about to be 15.8 +0.3° and maltodextrin
varies between 30 and 3° depending on molecular weight.

3.7. Scanning Electron Microscopy (SEM). Figure 3 dem-
onstrates SEM images of TM at 500 and 2000 magnifications.
The results show that the sample had a unique and ho-
mogeneous surface without any porosity. Furthermore, the
SEM photograms show that the size distribution of particles
is mostly above 100 ym, which may, to a great extent, in-
fluence the solubility of samples. Evaluating the surface of
TM is important for future application. The higher specific
surface of TM in the image is related to hydration and
solubility of TM. This parameter had an effect on the vis-
cosity and molecular weight of the sample [33, 34].

3.8. Rheological Properties

3.8.1. Apparent Viscosity. The results depicted in Figure 4(a)
demonstrate that all TM solutions exhibit Newtonian be-
havior. This characteristic may be advantageous in the food
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and pharmaceutical industries, particularly during pumping
and filling processes, as Newtonian materials are less
complicated to handle. Figure 4(a) illustrates the apparent
viscosity of TM solutions at different concentrations. At
a shear rate of 305" and a temperature of 25°C, the apparent
viscosity of 1%, 5%, 25%, and 50% TM solutions was
measured to be 1.1, 1.6, 2.4, and 12.4 MPas, respectively.

These findings highlight the concentration-dependent
viscosity of TM solutions, with higher concentrations
exhibiting higher apparent viscosity values. This information
is crucial for understanding the flow behavior of TM so-
lutions and can aid in the design and optimization of
processes in the food industry. Belay et al. [35] reported that
Ethiopian monofloral honey had Newtonian behavior and
their viscosity depends on moisture content, and they said
that this could be because of the interaction of the in-
gredients with water, which reduce the honey liquid phase.
So, the honey viscosity increased with decreasing the a,,.
Kamboj et al. [36] also said four different Indian honey
varieties had Newtonian behavior because of their sugar
structure.

3.8.2. Time Dependency. When some fluids are exposed to
a constant shear rate, they become thinner, thicker, or might
be time-independent over time, which is related to changes
in the inner structure. Time dependency of different con-
centrations of TM is presented in Figure 4(c). Various TM
solutions revealed the time-independent behavior over time.
Time dependency of sugar solution was related to the type of
sugar, moisture content, and composition of ingredient and
sugar concentration [37].

3.8.3. Temperature Dependency. Assessing the impact of
heating on the viscosity of solutions is a crucial aspect in the
food industry, as different solutions exhibit varying be-
haviors when subjected to temperature changes. Figure 4(d)
illustrates the influence of temperature on the viscosity of
TM solutions at different concentrations (1%, 5%, 25%, and
50% w/v). Notably, the solution with a concentration of 50%
exhibited significantly higher viscosity compared to the
other samples. As the TM solutions were heated to 60°C at
a fixed shear rate, a reduction in viscosity was observed
across all concentrations. This decrease in viscosity can be
attributed to the breakdown of hydrogen bonding and
weakening of intermolecular bonds within the TM
molecules.

Understanding the changes in viscosity induced by
heating is vital for optimizing food processes, as it allows for
better control of the flow behavior and consistency of the
solutions. Sun et al. [38] reported that the viscosity of
polysaccharide solution decreased following a temperature
increase. Lowering the solution temperature to 50°C reduces
the viscosity to lower values indicating that the strength of
biopolymer bonds for absorbing the water molecules sur-
rounding themselves with the help of hydrogen bonds at
lower temperatures. Similar results on the effects of heating
on the viscosity were reported by Farhoosh and Riazi [39]
and Gahruie et al. [10]. The reduction of viscosity during
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heating is due to the mobility of molecules, the distance
between molecules, and the weakening of interactions.
The temperature-viscosity relationship of TM solutions
can be described by the Arrhenius model, as shown in
Table 2. According to Eyring’s theory, higher temperatures
provide sufficient activation energy for the molecules to
move more freely, resulting in increased fluid flow and filling
of existing intermolecular spaces. The temperature de-
pendency of hydrocolloid and sugar solutions can be well
explained by the Arrhenius relation. Activation energy (Ea)
represents the energy required for the occurrence of primary
flow processes and is influenced by various factors, such as
polymer concentration, ionic strength, physicochemical
properties of the polymer, and applied shear stress. In the
case of TM solutions, the Ea values for 1% and 50%

concentrations were found to be the lowest (13493) and the
highest (19514), respectively.

The effect of temperature on viscosity is closely linked to
the structural properties of the solution, as reported by Sun
et al. [38]. Considering the various structural properties of
the purified manna, such as sugar type, ash content, carbon
content, protein content, and molecular weight, different
temperature sensitivities have been observed [40].

Understanding the temperature-viscosity behavior and
its relationship with the structural properties of TM solu-
tions is crucial for determining their application in different
food processes. These findings provide insights into the
factors influencing the temperature sensitivity of TM so-
lutions and contribute to the optimization of their utilization
in the food industry.
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TaBLE 2: Arrhenius model parameters of Tarangabin manna.

Concentration (%)

1 5 25 50

Ea* (J/mol) 13493 15571 16384 19514
R 99.44 99.31 99.17 98.48
RMSE 0.012 0.019 0.039 0.255

*Ea: activation energy.

3.8.4. Amplitude Sweep. Dynamic rheological methods are
commonly used to investigate the rheological properties of
a wide range of hydrocolloid solutions, which exhibit vis-
coelastic behavior. These methods involve various pro-
cedures at both macroscopic and microscopic scales,
contributing to a comprehensive understanding of the
material’s response [41].

In the case of TM solution, the strain sweep test results
(Figure 5) indicated a liquid-like behavior, with the storage
modulus (G') being lower than the loss modulus (G") within
the linear viscoelastic region (LVE). The LVE region is
crucial for distinguishing between strong and weak gels.
Notably, the elastic and viscous characteristics of TM in-
creased with higher concentrations, suggesting a more
pronounced viscoelastic response.

3.8.5. Frequency Sweep. The frequency sweep test is
a commonly used oscillation test in rheology. In this test, the
amplitude of the input stress or strain remains constant,
while the frequency is increased. Figures 5(a) and 5(b) il-
lustrate the results of the frequency sweep test conducted at
a fixed shear strain of 0.1% and frequencies ranging from
0.06 to 62.8 rad/s. Within this frequency range, all solutions
exhibited a fluid-like behavior, as indicated by the storage
modulus (G') being lower than the loss modulus (G”)
throughout the entire experimental range. The ratio of G” to
G', known as tan 8 or the loss tangent, is shown in
Figure 5(c). Typically, when tan ¢ is less than 1, the solution
displays elastic characteristics, while values greater than 1
indicate a more viscous behavior. A tan & higher than 0.1
suggests that the solution is not a true bulk gel [10].

Interestingly, the solution with a concentration of 50%
exhibited a predominant elastic behavior or a weak gel-like
composition across a wide range of applied frequencies, as
depicted in Figure 5. In contrast, the other samples displayed
liquid-like behavior.

Escriche et al. [42] reported that in eighteen honey
samples, G” was higher than G’, indicating a more viscous
viscoelastic behavior. They also noted that the rheological
properties of honey are influenced by polymeric compounds
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FIGURE 5: (a) Storage modulus (G') and (b) loss modulus G” of different concentrations of TM solution in amplitude sweep test, (c) storage
modulus (G), (d) loss modulus (G”), and (e) loss factor of different concentrations of TM solution in frequency sweep test.

and the structure of sugars, as glucose and fructose solutions
exhibit different rheological properties.

These findings provide valuable insights into the
frequency-dependent rheological behavior of the TM so-
lutions, with the 50% concentration exhibiting a more gel-
like composition, while the other samples displayed liquid-
like behavior. The influence of polymeric compounds and
the structure of sugars on the rheological properties are
important factors to consider in understanding the behavior
of these solutions.

3.9. Interfacial Tension (IFT) and Surface Tension. IFT among
the water and oil was 14.3 + 0.7 mN/m in the absence of TM.
A meaningful reduction in the interfacial tension (IFT) was
observed after addition of TM (p < 0.05). Reduction in IFT
was influenced by TM solution concentration (Figure 6(a)).
The IFT samples at 1, 5, 25, and 50% concentrations showed
a reducing trend and were 14.29, 13.09, 9.67, and 7.74 mN/
m, respectively. The surface activity of hydrocolloids is at-
tributed to the existence of proteinaceous moiety, the
polysaccharide complex, and its hydrophobicity [43]. A
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similar trend in the variation of IFT was observed in the and 45 mN/m, respectively (Figure 6(b)). A similar trend was
surface activity of the purified powder. In the concentration = reported by Osano et al. [43] on variation of surface activities
range of 1 and 50%, the surface activity varies between 65 by type of hydrocolloids and their concentrations. The
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surface tension of fenugreek, pectin, guar, xanthan, Arabic
gum, and methyl cellulose at 0.5% concentration was 50.3,
53.6, 55.2, 60.8, 46.9, and 52.9 mN/m [44]. Furthermore,
Koocheki et al. [45] reported that low molecular poly-
saccharides reduce the surface tension more than bigger
polysaccharides.

3.10. Emulsion and Foam Properties. The emulsifying activity
index (EAI) is a measure of the ability of external active
factors, such as molecules and their arrangement, to create
and stabilize emulsions. Figure 6(c) presents the emulsifying
activity index of TM solutions at different concentrations.

Remarkably, the EAI values showed a significant in-
crease as the concentration of TM solutions increased from 1
to 50% (p <0.05). This indicates that higher concentrations
of TM solutions have a greater capability to form and sta-
bilize emulsions. Understanding the emulsifying properties
of TM solutions is essential in various applications, par-
ticularly in the food industry where emulsions play a crucial
role in product formulation and stability. These findings
highlight the concentration-dependent emulsifying activity
of TM solutions and provide valuable insights for optimizing
emulsion-based processes and product development. Hy-
drocolloids have the capability to enhance emulsion stability
by increasing the viscosity of the continuous phase [10].

TM exhibited lower emulsifying activity index (EAI)
compared to other hydrocolloids, such as basil seed gum
(0.3%, 32 m*/g), asafoetida gum (1%, 38.6 m*/g), and Arabic
gum (1%, 88 m°/g) [46].

The effects of TM concentration on foaming ability and
foaming stability of albumin protein are shown in
Figures 6(d) and 6(e). As the TM solution concentration
increased from 1% to 50%, there was a notable increase in
foaming ability, ranging from about 20% to 80%. No sig-
nificant differences were observed between 1% and 5%
samples, but the 50% sample exhibited significantly higher
foam production ability compared to all other samples
(p <0.05). Similarly, there were no significant differences in
foaming stability between 1% and 5% samples, as well as
between 25% and 50% samples.

Previous studies demonstrated that a 0.3% basil seed
gum solution (containing 0.3% albumin) had a foaming
ability of 28% [17]. The foaming stability and ability of
different basil seed gums were associated with their surface
activity and molecular weight. Hydrocolloids can enhance
foam production capacity by reducing surface tension [17].
Foam ability refers to the capacity of a solution to sustain
bubble size, foam mass, and liquid content over a period of
time. Furthermore, the gas bubbles in foam ascend to the
surface and eventually collapse [47]. Increasing the TM
concentration resulted in increased foaming stability of
albumin, which is influenced by the viscosity of the
water phase.

4. Conclusion

The objective of this study was to comprehensively in-
vestigate the rheological, physicochemical, and interfacial
properties of Tarangabin manna, an exudate obtained from
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A. maurorum. Analysis revealed that TM contains more
than 90% carbohydrates and less than 2% proteins. The
presence of proteins in TM contributes to its remarkable
emulsifying activity and the reduction of interfacial tension.
Additionally, the exceptional solubility of TM can be at-
tributed to its amorphous structure. The relatively low
molecular weight of TM likely contributes to its Newtonian
behavior and low viscosity. Notably, the TM solution at
a concentration of 50% exhibited the lowest interfacial
tension for the range of concentration analyzed. This finding
suggests that the TM solution possesses excellent emulsi-
fying and foam-forming abilities. These results collectively
indicate that TM solution holds significant potential as
a foaming and emulsifying agent in the food industry.
Understanding the rheological, physicochemical, and in-
terfacial properties of TM provides valuable insights into its
potential applications and advantages in various food for-
mulations. The exceptional emulsifying and foaming
properties of TM make it an appealing choice for enhancing
the texture and stability of food products.
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