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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 1537+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
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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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Table 2. Chemical composition of F. Gummosa oleoresin by GC-MS Analysis.

Compound

Retention time (min)

Composition (%)

a-thujene
a-pinene
p-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 2.22
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
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Fig. 2. Structural characterization of F.gummsa oleoresin through infrared spectroscopy.
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Fig 3. '"H NMR (A) and '3C NMR spectra of F.gummsa oleoresin. Analyses were recorded at 50 g/L in D,O.
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Deep cutectic solvents have found many advantages in the extraction
of plant metabolites, such as low toxicity, 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 P-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
0-4,6. 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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