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biodegradability, low cost, and ease of preparation compared to
conventional methods. The aim of this work is to compare the
natural deep eutectic solvents in the extraction of Ferula gummosa
(Ferula gummosa) and determine its chemical, structural, thermal
and rheological properties. Six eutectic solvent mixtures including
choline chloride/urea, acetic acid, lactic acid, formic acid,
formamide and glycerol in ratios of 2:1 and 3:1 were evaluated.
The highest yield was obtained for choline chloride/formic acid,
choline chloride/formamide. The main components of oleoresin
were B-pinene (40.27%), silcophenone (11.93%) and alpha-pinene
(7.53%), which were determined by gas chromatography-mass
spectrometry. Gum was mainly composed of carbohydrates
(67.39% by weight). The polysaccharide consisted of a main
backbone of (1 — 3)-B-D-galactan branched mainly from O-6 but
also from O-4 and O-4,6. The X-ray diffraction pattern showed a
semi-crystalline microstructure. The thermal behavior of the gum
was evaluated by thermal analysis (TGA) and differential scanning
calorimetry (DSC) showed temperatures below and above 200 °C
as the dominant weight loss regions. The rheological behavior of
oleoresin was non-Newtonian behavior of shear thinning type,
which was well fitted by the power law model. Studying the
chemical structure by spectrometry showed that no solvent
remained in oleoresin. Therefore, barijeh oleoresin can be used as
a promising natural medicinal substance extracted with eutectic
solvents, while these eutectic solvents can be used as a green
method for many herbal compounds.
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1. Introduction

The plant Barijeh (ferula gummosa Boiss)
belonging to the subfamily Apioideae is a wild
herbaceous plant native to Iran. It is a perennial
plant with a height of approximately 3 to §
meters that can live for about 6 to 8 years. The
plant produces a strong-smelling resin naturally
excreted by seeds at temperatures below 5
degrees Celsius in mountainous regions in the
north and west of the country at altitudes of
1800 to 3000 meters above sea level with an
average rainfall of 250 to 500 millimeters per
year. Barijeh has a glandular root rich in
Oleoresin, and this resinous substance is
usually referred to as galbanum. The average
production of galbanum is around 10 grams per
bush, and by following proper harvesting
methods, maximum Oleoresin production can
be achieved without harming the plant.
Galbanum derived from Barijeh is known for its
bioactive properties such as antimicrobial,
anticonvulsant, anti-flatulence, mucolytic,
stimulant, diuretic, anti-rheumatic, analgesic,
anti-hysterical, laxative, aphrodisiac, anti-
infective, anti-diabetic properties as well as
multiple medicinal applications. Additionally,
Barijeh’s Oleoresin is used in the manufacture
of adhesive tapes, textiles, cosmetics, gem
adhesives, and jewelry glue due to its
transparency and high bonding strength.

The chemical composition of essential oils from
different species of Barijeh has been studied,
and the main components of Barijeh include
alpha-pinene, beta-pinene, alpha-thuyene,
camphene, beta-phellandrene, and sabinene,
which collectively constitute about 82% of the
oily fraction. The Oleoresin extraction yield is
reported to be 6.10%, with the main
components being beta-pinene  (58.8%),
camphor (12.1%), alpha-pinene (7.5%), and
beta-myrcene  (6.4%). Furthermore, 73
monoterpenes have been identified in the
essential oil extract of Barijeh fruit using liquid
gas chromatography, among which alpha-
pinene and beta-pinene, along with myrcene,
are the main components, constituting about
73% of the oil fraction. In another study, the
chemical composition of Barijeh’s Oleoresin
has been reported to include monoterpenoid
hydrocarbons (88%), including sabinene,
alpha-pinene, and beta-pinene.

Given the wide range of aforementioned
applications, galbanum is one of Iran’s most
important  exportable  herbal  products.
Therefore, the precise identification of this
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natural source is of great importance. This
knowledge enables more effective quality
control for current applications, thereby
preventing fraud. It also opens up new
opportunities for utilizing it with high added
value.

The extraction, separation, or purification of
bio-molecular extracts rich in pure plant
compounds is crucial. Extraction, as the most
important stage, typically involves the use of
organic solvents with high extraction capacity.
However, most organic solvents are flammable,
toxic, and biodegradation-resistant, thus not
meeting the green  chemistry-friendly
environment-growing  trend.  Supercritical
fluids or biobased solvents (such as ethanol,
limonene, ethyl Ilactate, glycerol, or 2-
methyltetrahydrofuran)  can  serve  as
alternatives, but they can only provide a limited
solution for certain applications. In the early
2000s, a new type of solvents called “Deep
Eutectic Solvents” (DES) emerged. The
increasing demand for environmentally
friendly processes within the framework of
green and sustainable chemistry, along with the
notable properties and benefits of DES in the
past two decades, has led to a growing use of
these mixtures as alternative solvents to
conventional solvents and ionic liquids in
various fields. Although DESs are somewhat
similar to ionic liquids, they are cheaper, easily
and quickly synthesized with low energy, and
most are biodegradable with low toxicity.
Therefore, numerous studies have been
published on the synthesis, properties, and
applications of DES.

Deep Eutectic Solvents are mixtures of two or
more solvents that show a significant reduction
in the melting point at a specific composition
and turn into a liquid at room temperature. The
constituents of DES are primary metabolites
such as sugars (glucose, sucrose, and fructose),
organic acids (lactic, malic, and citric acids),
urea, and quaternary ammonium salts (choline
chloride or betaine). DESs have been used in
the extraction of common metabolites, polar
and non-polar compounds from plants such as
green coffee beans, seudowintera colorata,
ginkgo biloba, mangosteen pericarp, sage,
olive, citrus grandis L. Osbeck, Herba
Artemisiae Scopariae, Cynara cardunculus,
Carthamus tinctorius, black wheat bran, fig
leaves, Sophora japonica, and Cajanus cajan.
Despite the numerous studies conducted on the
extraction of various bioactive compounds such
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as anthocyanins, polyphenols, flavonoids, and
catechins using DES, unfortunately, there has
been no research on the extraction of Oleoresin
from Barijeh resin using Deep FEutectic
Solvents and investigating its structural and
functional properties. Therefore, the aim of this

2. Materials and Methods

2.1. Materials

The Barijeh plant roots were collected in
September 2021 at an altitude of approximately
2340 meters above sea level from the city of
Farooj. A sample was sent to the Herbarium of
the Forests and Rangelands Research Institute
(TARI), Tehran, Iran for identification and
confirmation. Following previous work by
Jalali, soil around the lower part of the plant
stem was harvested, and the surface near the
roots was scratched to collect exudates for one
week in a stainless steel container. Oleoresin
was obtained from approximately 100 healthy
4-6 years old plants. The mixed exudates were
stored in a tightly sealed plastic container in a
refrigerator (4 degrees Celsius). Deep Eutectic
Solvents (DES) including choline chloride (CL)
(purity 99%) as the HBA, and urea (purity 99-
100%), lactic acid (purity >85%), acetic acid
(purity >85%), formic acid (purity >85%), and
glycerol (purity >90%) as the HBDs were
obtained from Merck (Darmstadt, Germany).

2-2- Synthesis of deep eutectic solvents

The deep eutectic solvent was prepared with
slight modifications based on previous works
[37]. Solutions of CL-urea, CL-acetic acid, CL-
lactic acid, and CL-glycerol were prepared in a
ratio of 2:1, whereas CL-formic acid and CL-
formamide were obtained in a 3:1 ratio. The
molar ratio of DES was chosen based on initial
experiments. Choline chloride (HBA) and other
solvents such as HBD were separately mixed at
an optimal molar ratio in a reactor heated to 90
degrees Celsius for 4 hours using a magnetic
stirrer at 400 revolutions per minute to obtain a
clear liquid. The DES was stored in a glass vial
with a screw cap under dark conditions. DES
samples were periodically inspected over
several weeks for crystal formation.

2-3- Oleoresin extraction from Barijeh

Oleoresin was extracted from the exudates
using water distillation in a Clevenger
apparatus for 3 hours and recovered with
diethyl ether. It was then dried over anhydrous
sodium sulfate and carefully evaporated with a

207

research is to utilize suitable DES for the
extraction of Oleoresin from Barijeh resin,
compare it with the conventional method, and
ultimately study the practical properties of this
resin.

rotary evaporator. The Oleoresin was stored at
4 degrees Celsius until further analysis.

Six DES mixtures were used separately for
Oleoresin extraction from Barijeh. In a typical
experiment, 1000 milligrams of Barijeh
exudates were separately mixed with 5 grams of
DES in a beaker. The mixture was then heated
at temperatures between 30-50 degrees Celsius
for various time periods (3, 6, and 9 hours).
After centrifugation at 3000 revolutions per
minute for 5 minutes, the obtained mass at the
bottom of the centrifuge tube was separated,
washed with IPA several times, and dried under
vacuum. In a control experiment, 500
milligrams of Barijeh exudates were mixed
with 10 milliliters of ethanol, and the
temperature and time were maintained similar
to previous reactions. The resulting liquid was
precipitated with ethanol, and the precipitated
Oleoresin was dried under vacuum.

2-4- Gas chromatography analysis

Gas chromatography-mass spectrometry (GC-
MS) analysis was performed using a gas
chromatograph (7890B, Agilent, Santa Clara,
CA, USA) connected to a mass spectrometer
(5977A, Agilent Technologies, USA). The gas
chromatograph was equipped with an HP-5
capillary column (phenyl methyl siloxane, 30
meters length, 0.25 mm inner diameter, and
0.25 pm film thickness, Agilent). The injector
temperature was set at 270 degrees Celsius, and
the oven temperature was programmed from 60
to 200 degrees Celsius at a rate of 5 degrees
Celsius per minute. Helium was used as the
carrier gas with a flow rate of 1 milliliter per
minute, and an injection volume of 1 microliter
was set. The mass spectrometer was tuned to
electron ionization mode at 70 electron volts.
The surface temperature was set at 280 degrees
Celsius, and the mass range was set between 35
to 500 m/z. The components of Oleoresin were
identified based on the comparison of their
retention indices (C7 to C20 n-alkanes) and the
fragmentation patterns from the gas
chromatography-mass spectrometry analysis
using Kovats indices equations.

2-5- Structural analysis
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Fourier-transform infrared (FTIR)
spectroscopy of Oleoresin was conducted using
a Perkin-Elmer FTIR spectrometer (Spectrum
GX, USA). Measurements were taken in the
range of 400 to 4000 cm-1 with 50 scans and a
resolution of 1 cm-1, as per previous work with
some modifications.

2-6- NMR spectroscopy

Oleoresin from Barijeh was dissolved in
deuterated water (D,O) at a concentration of
99%, and frozen to replace exchangeable
protons with deuterium. Prior to NMR analysis,
Oleoresin was dissolved in D20 (50g per liter).
One and two-dimensional NMR spectra were
recorded on a Brucker Advance 400
spectrometer (Germany) at frequencies of 400
MHz (64 scans) for 1H and 100 MHz (8192
scans) for 13C. NMR experiments including
1H, 13C, heteronuclear, and multiple quantum
coherence were carried out at 30 degrees
Celsius. All chemical shifts were referenced to
Me4Si.

2-7- X-ray diffraction

X-ray diffraction analysis was performed using
an XRD-6000 diffractometer operating at 40
kV and 40 mA, with Cu Ka radiation in the 20
range of 10-100° with a step size of 0.06684°.
The crystallinity index was calculated based on
the equation proposed by Petersen (1939) using
the Origin software.

2-8- Thermal analysis

Thermogravimetric  analysis (TGA) was
performed using a TA instrument (TGA 2050,
USA). One gram of Oleoresin was placed on an
aluminum pan and heated from 50 to 500
degrees Celsius under a nitrogen atmosphere.
The weight loss difference was reported for
thermal stability calculation.

The TA instrument (DSC Q2000, USA) was
used to analyze the thermal behavior of Barijeh
resin. A 14-milligram sample was placed in an
aluminum crucible, and the heating process
involved a temperature range of 50 to 400
degrees Celsius at a rate of 10 degrees per
minute under a nitrogen atmosphere. Data was
obtained using the instrument software.

2-9- Rheological behavior analysis

The flow behavior and apparent viscosity of the
samples were examined using a Brookfield
rotational viscometer (Model DV-III Ultra,
USA). Measurements were taken with a SC4-
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18 spindle at a temperature of 20 degrees
Celsius and shear rates between 300-10 per
second. Modeling of the Oleoresin flow
behavior was carried out using the power law
model and Sigma Plot software version 7.

2-10- Statistical analysis

Data were presented as mean =+ standard
deviation. Experimental design and regression
analysis were conducted using Sigma Plot
software version 7. Statistical analysis was
performed with Origin 8.0, and statistical
significance was determined at p<0.05. The
proposed model fit was assessed by evaluating
the coefficient of determination (R2), lack of
fit, and F-value using analysis of variance
(ANOVA).

3. Results and discussion

3.1. Selection of Deep Eutectic Solvent Type
As mentioned earlier, DESs have been widely
used for the extraction of antioxidants,
polyphenols, and many polar compounds from
plant materials. In the current study, six types
of DES were utilized for the extraction of
Oleoresin from Barijeh (Table 1). The results
showed that the efficiency of Oleoresin
extraction was higher when wusing the
CL/formic acid and CL/formamide solvents,
which may be attributed to the stronger
hydrogen bonding capability of DESs created
by choline chloride and formic acid or
formamide. This could lead to a strong
intermolecular bond with Oleoresin in Ferula
gummosa [42]. However, when the molar ratio
of CL/formic acid and CL/formamide solvents
changed from 2:1 to 3:1, the extraction
efficiency increased. These results can be
attributed to the acidic hydrolysis of
intercellular wall bonds due to the acidic
properties of formic acid in the DES (i.e., a
higher amount of formic acid present in the
DES), which released Oleoresin freely in the
extraction medium and increased the efficiency.
The extraction efficiency was consistent with
previous findings [43]. An increase in the molar
ratio of choline chloride led to a decrease in the
extraction rate of Oleoresin, as an increase in
the CL ratio resulted in an increase in the
solvent’s pH, thus affecting the performance of
Oleoresin. Therefore, the highest extraction of
Oleoresin was achieved with the specified
ratios shown in Table 1. Consequently, the DES
solvent composed of CL/formic acid and
CL/formamide was chosen for further research.



Javad Radmard et al

Investigating the properties of barija gum...

Table 1. F.gummsa oleoresin yields corresponding to
different DES solvents.

HBA: HBD Molar ratio  Oleoresin yield (%)
CL: Urea 2:1 13.62 £ 0.94
CL: Lactic acid 2:1 13.28 £0.78
CL: Formic acid 3:1 15.37+1.16
CL: Acetic acid 2:1 13.83+1.14
CL: Glycerol 2:1 11.61 +0.61
CL: Formamide 3:1 15.68 £1.25

3.2. Effect of factors on the Oleoresin
extraction

The effect of time, temperature, and the ratio of
DES solvent to F. gummsa on the extraction
yield of ellorozine is shown in Figure 1. As
observed, the extraction yield increased with
time and temperature. However, higher
temperatures and longer periods were not used
due to changes in the physical properties of the
DES. The results showed that with an increase
in extraction time from 3 to 9 hours, the
ellorozine yield significantly increased (P <
0.05) and the maximum yield (67.18%) was
obtained at 9 hours (Figure 1a), which is due to
the time (3 hours) required for complete release
of ellorozine in the extraction medium. During

0.18 |
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0.13

. . . . .
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0.20
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0.17 |
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0.13

. . . . . .
5 10 15 20 25 30
Solvent content, %

Yield, %

the process, the DES solution penetrated the F.
gummsa matrices, hydrolyzed the dissolved
cell wall linkages, and then released outside the
cell wall. However, when the extraction time
increased to 10 hours, no further increase in
performance was observed. When the
temperature increased from 30 to 50 degrees
Celsius, the performance significantly
increased from 2.9 to 4.17% (P < 0.05) (Figure
1b). This increase in performance with
temperature increase was associated with an
increase in ellorozine permeability. The
temperature increase reduced the diffusion
viscosity of DES, which helped break the
chemical bond between ellorozine and the cell
wall, thus improving ellorozine dissolution.
During extraction, heat increased the breakage
of bonds between cell walls. Similar results
have been found in the extraction of
polysaccharides from blackberries, where an
increase in extraction temperature from 60 to 90
degrees Celsius led to improved performance.
As shown in Figure 1c, when the ratio of DES
solvent to F. gummsa exceeded 20%, the
extraction yield decreased, while at 10%, the
ellorozine yield reached a maximum of 18%.

. . . . . . .
30 35 40 45 50 55 60
Temperature, °C

Fig. 1. Effect of single factor on the yield extraction of oleoresin.

(a) Extraction time (h), (b) Extraction temperature (°C), and (c) solvent content(’.).
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3.3. Chemical compounds of Oleoresin

The results of GC-MS analysis of F.gummsa
oleoresin are shown in Table 2. Compounds are
ranked in order of retention time. A total of 20
compounds were identified in oleoresin, with -
pinene (40.27%), silcofenchenes (11.93%), and
a-pinene (7.53%) being the main components.
The main group of monoterpene hydrocarbons
(62.70%) included a-thogen, a-pinene and -
pinene. Other main components of oleoresin
were -cymene (8.2%) and a-thogen (10.49%).
The results showed that the monoterpene
component constitutes 60% of the oil
components and terpenes are the remaining

components (~40%), which is consistent with
previous studies [6]. The oil contained low
levels of limonene (2.11%), P-flandrene
(2.97%), terpinene (1%), m-cymene (1.39%)
and B-ocimene (1%) [45]. Similar results were
reported that a-pinene (27.27%), PB-pinene
(43.78%) and B-myrcene (3.37%) were the
three main components of barijeh oleoresin. In
another study, a-pinene, B-pinene, linalool, a-
terpinolene, delta-3-carne and terpinolene were
introduced as the most important components
of oleoresin Barijah [7,46]. This difference in
results may be due to factors such as
geographical origin, harvesting time and
extraction method of oleoresin [2,6,9,10].

Table 2. Chemical composition of F. Gummosa oleoresin by GC-MS Analysis.

Compound

Retention time (min)

Composition (%)

a-thujene
a-pinene
B-Pinene
B-Cymene
Cylcofenchene
m-Cymene
D-limonene
B-Phellandrene
Trans-B-Ocimene
Terpinene
a-Cyclogeraniol
a-Terpinyl acetate
Cadinene
Cadina-3.9-diene
Junenol

Guaiol

Cadinol
Eudesmol
Bulnesol

Guaiac acetate

3.603 10.49
4.058 7.53
4.886 40.27
5.049 8.21

5.497 11.93
5.837 1.39
5.938 2.11

5.979 2.97
6.054 0.92
7.255 0.9

8.294 222
13.99 1.65
18.144 1.49
18.261 1.69
19.787 1.68
20.127 1.44
21.152 2.29
21.450 4.33
21.674 2.61

22.740 0.69

3.4. Chemical Structure of Oleoresin

Infrared spectroscopy of oleoresin obtained
under extraction conditions is given in Figure 2.
FTIR was performed to determine structural
information about functional groups and
orientation of groups in F. gummosa oleoresin.
A broad band in the region of 3400 cm-1
represents the stretching vibration of the
hydroxyl group (O-H). A similar result was
reported for the FTIR spectrum of pomegranate
peel pectin [47]. The absorption peak of O-H
stretching vibrations was found at 3449 cm-1.
A small band was found in the region of 2806
cm-1, indicating the C-H absorption, which
includes stretching and bending vibrations of
CH, CH2 and CH3. It has been reported that the
peaks at 2800 cm-1 and 1320 cm-1 are related
to CH stretching vibrations of CH2 groups [48].
In addition, a small band around 2637 cm-1 for
oleoresin barijeh indicates the presence of an
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aliphatic C-H bond. This C-H absorption and
aliphatic C-H bond can be due to methyl ester
groups (OCH3). In addition, two peaks between
1678 and 1460 cm-1 were identified, which are
respectively the characteristics of a carbonyl
ester group (C=0) and a non-esterified
carboxylate ion (COQO-) [49]. Prominent bands
were also detected in the range between 1300
and 1000 cm-1 attributed to C-O stretching in
C-O-C and C-O-H. It can be expected due to the
common presence of pyranose ring in oleoresin,
which are connected to each other through C-
O-C glycosidic bonds and C-O-H side group
bonds. As noted by Yang et al. [47], the
significant absorption band located at 1677 cm-
1 was assigned to the C-O stretching vibration
of the carbonyl ester, and the absorption band
around 1677 cm-1 to the stretching vibration of
the unmethylated carboxyl in skin pectin.
Pomegranate was shown. [47]. In addition,
strong absorption peaks between 1149 and
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1018 cm-1 indicated the potential presence of
pyranose ring. The absorption bands in the
range of 1300 and 1450 cm-1 for both upper
and lower methyl groups were assigned to CH3
corresponding to asymmetric stretching
vibrations, while the bands around 1020 cm-1

159
N\

were assigned to the saccharide (C-O-C)

structure. . The IR spectrum for DES (Figure 2)
was also determined to check for any residual
DES in the extracted oleoresin. The results
showed that the IR spectrum of DES was not
found in the IR spectrum of oleoresin.
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3.5. NMR spectroscopy

H NMR and C NMR spectra are given in Figure
3. It is clear from the figure that the signals
related to anomeric carbon are in the range of
100 to 110 ppm for 13C NMR and 2.4-4.5 ppm
for IH NMR. The peak in the region of 4.3 to
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Fig. 2. Structural characterization of F.gummsa oleoresin through infrared spectroscopy.

4.5 ppm in 1H NMR includes two anameric
signals of B-Gal, which can be followed in the
respective spectra. Correlation of carbon
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3.6. X-Ray analysis

The XRD pattern of barijeh elorzein showed a
small sharp peak at 2theta 17.39 and a broad
amorphous region (Figure 4). The crystallinity
index was calculated as 15.74%, therefore, the
oleoresin sample has a semi-crystalline

[ QR0
L0000
I
TO00 4
GO0
S000
4000 1
SO0

2000
1000 ~

Relative intensity (a.u.)

microstructure with an amorphous nature. The
researchers showed that the crystallization of
almond gum is related to the water solubility of
each gum fraction. The authors reported the
crystallinity index of water-insoluble gum,
water-soluble gum, and complete gum as 33.36,
24.27, and 26.46%, respectively [50].

H]

a0

B0 A0 100

2 theta

Fig. 4. X-ray diffraction pattern of F.gummsa Oleoresin.

3.7. Thermal properties of Oleoresin

The TGA thermogram of barija oleoresin is
given in Figure 5A. Heat treatment caused
weight loss of oleoresin in two main stages:
first at temperatures below 200 °C, due to
dewatering and second at temperatures above
200 °C due to resin degradation (line A in
Figure 5A). In addition, the DTG curve
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corresponding to the differential weight loss
shows the decomposition rate (line B in Figure
5A). From this point of view, the peak weight
loss showed a more intense (about 90.4%
weight loss) related to the main thermal
degradation, which was related to calcination.
Our data were in accordance with the previous
findings about gum acacia, which defined
temperatures below and above 200 degrees
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Celsius as the main areas of weight loss
phenomenon [51]. Rao and Mote showed
temperatures below 100°C and above 252°C as
two distinct weight loss of acacia gum and
cashew gum [52]. Fadavi et al. (2014) found
that 40-140 °C is related to dehydration and
250-300 °C for the decomposition of Zedo gum
[53].

DSC thermogram confirmed the result obtained
from TGA analysis (Figure 5). The heating
current started to increase gently as the

temperature increased up to 20 °C and then
reached its highest level at about 110 °C. The
endothermic peak at 110°C is related to water,
the exothermic peak observed in the range of
225°C to 331°C is due to dehydration,
polymerization and pyrolysis [54]. No Tg was
detected due to overlap with the endothermic
peak. Some parameters such as particle size,
moisture content and the nature of gum are
known to be effective on the DSC pattern
according to their functional groups [54-52].
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Fig. 5. Thermal behavior of F.gummsa Oleoresin: (A) TGA (A line) and DTG (B line) thermogram; (B) DSC
thermogram.

3.8. Rheological properties of Oleoresin

The flow behavior of barijeh oleoresin at the
shear rate of 10 to 160 s is shown in Figure 6.
As it can be seen, with the increase of the
cutting degree, the shear stress increased in a
non-linear manner, which confirms its non-
Newtonian behavior. Examining the changes of
apparent viscosity in the range of the studied
shear degree revealed that the non-Newtonian
behavior was of the thinning type with shear, so
that the apparent viscosity decreased with the
increase of the shear degree. It should be noted
that at high shear rates (200 to 300 s), the
apparent viscosity of barijeh oleoresin was
almost independent of the shear rate and was
similar to Newtonian behavior (data not
shown). The results of the studies indicate that
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the occurrence of pseudo-plastic behavior of
thinning with cutting is due to the occurrence of
their flocculation [55-56]. Therefore, their
apparent viscosity decreases rapidly due to the
breakdown of droplet accumulations due to the
application of stress, and gradually when the
particles are placed in line with the cutting
force, it reaches a constant level, and further
increasing the cutting speed does not have
much effect. does not have on it The main factor
preventing the droplets from approaching and
joining together in glycolated oleoresin is the
steric repulsion that its molecules create after
being absorbed on the surface of the cells. The
interesting thing to note about apparent
viscosity is its lower numerical value. While it
was expected that the covalent binding of
oleoresin would increase the viscosity. In most
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of the available reports, the increase in the
viscosity of the environment has been
emphasized [55, 57]. The explanation provided
in this regard is that the binding of oleoresin to
the biopolymer and the opening of its structure
increases the surface hydrophilicity and
hydrodynamic radius, which ultimately leads to
an increase in the degree of hydration and
viscosity [58].

The parameters of flow behavior index (n) and
consistency coefficient (k), which were
calculated based on power law for oleoresin,
were estimated to be 0.246+0.008 and
125.2240.006, respectively. The determination
coefficient of the model was high (R2 = 0.99),

which indicates the appropriateness of the
model used to fit the flow behavior data. The
increase in consistency coefficient in this
sample indicates the increase in viscosity
despite the increase in droplet size; which
confirms the connection of cells by considering
the thinning behavior with cutting. These
observations have also been reported by other
researchers and the increase in viscosity
depending on the type of protein and
carbohydrate used has been attributed to the
deficient interconnection or cross-bridge,
which are a sign of phase separation on a
microscopic scale and the instability of the
emulsion system [56, 59]. .
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Fig. 6. Rheological behavior of F.gummsa Oleoresin.

4. Conclusion

The use of DES is an effective extraction
medium for the extraction of barijeh oleoresin.
The aim of this work is to compare the natural
deep ecutectic solvents in the extraction of
Ferula gummosa (Ferula gummosa) and
determine its chemical, structural, thermal and
rheological properties. Six eutectic solvent
mixtures including choline chloride/urea, acetic
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acid, lactic acid, formic acid, formamide and
glycerol in ratios of 2:1 and 3:1 were evaluated.
The highest yield was obtained for choline
chloride/formic acid, choline
chloride/formamide. The main components of
oleoresin were B-pinene (40.27%),
silcophenone (11.93%) and alpha-pinene
(7.53%), which was determined by gas
chromatography-mass spectrometry. Gum was
mainly composed of carbohydrates (67.39% by
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weight). The polysaccharide consisted of a
main backbone of (1 — 3)-fB-D-galactan
branched mainly from O-6 but also from O-4
and O-4,6. The X-ray diffraction pattern
showed a semi-crystalline microstructure. The
thermal behavior of the gum was evaluated by
thermal analysis (TGA) and differential
scanning  calorimetry  (DSC)  showed
temperatures below and above 200 °C as the
dominant weight loss regions. The rheological
behavior of oleoresin was non-Newtonian
behavior of shear thinning type, which was well
fitted by the power law model. Studying the
chemical structure by spectrometry showed that
no solvent remained in oleoresin. Therefore,
barijeh oleoresin can be used as a promising
natural medicinal substance extracted with
eutectic solvents, while these eutectic solvents
can be used as a green method for many herbal
compounds.
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