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ABSTRACT

Objective: The aim of the current study was to evaluate the black salsify (Scorzonera hispanica L.) as a potential source of inulin and to characterize 
the physicochemical properties of isolated polysaccharide.

Methods: The carbohydrate content in its roots and leaves was analyzed by high-performance liquid chromatography with refractive index detection 
(HPLC-RID) method. Microwave-assisted extraction was performed for isolation of inulin from black salsify roots. The obtained polysaccharide was 
characterized by HPLC-RID method, HPLC size-exclusion chromatography, and Fourier transformed-infrared spectroscopy. Functional properties as 
swelling capacity, solubility, and water-holding and oil-holding capacities (OHCs) were also evaluated.

Results: Black salsify (S. hispanica L.) roots were evaluated as a rich source of inulin (22% dw) and 1-kestose (6.25 g/100 g dw). The isolated inulin 
(yield 20%) was characterized with average degree of polymerization 17, with polydispersity index (1.04) that was near to medium-chained inulin. 
This polysaccharide showed better OHC than water-holding capacity, and it was characterized with swelling capacity 0.5 ml/g sample.

Conclusion: For the first time, inulin was isolated from black salsify roots. The chemical characterization of inulin reveals the potential of this plant to 
be used as a valuable source of this polysaccharide for future application in food technology and pharmaceutical industry for dietary fibers, stabilizer, 
and coating agent.
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INTRODUCTION

Inulin is a biopolymer consisted of D-fructose monomers connected by 
β-(2→1) linkages and it terminates with a D-glucose residue linked to 
D-fructose with an α-(1→2) linkage. It possesses an extensive range of 
therapeutic uses because of its pharmacological inertness. Inulin has been 
extensively used as a drug delivery agent, as a diagnostic/analytical tool, or as 
a dietary fiber with additional health benefits due to its rapid water solubility, 
low friability, and stability against gastric and intestinal enzymes [1-3]. Its 
isoforms (especially gamma-  and delta-inulins) are successfully used in 
pharmacy as vaccine adjuvants  [4-6]. Many researchers have focused on 
inulin as a drug carrier for colon-targeted drug delivery [1,3,6,7].

Inulin can be used for encapsulation purposes, especially in oregano 
oil [8], catechins, or thyme extracts, as an active ingredient [9,10] or 
as a coating material of tablets, capsules, tablet binder, and a vaccine 
stabilizer [1,11]. Inulin has also been used to stabilize membranes, 
proteins, and several pharmaceutically relevant systems, unstable 
drugs [1,2]. It possessed solubility better than drugs and this property 
is dependent on inulin molecular weight [12].

Therefore, the plant sources of inulin are with a significant importance 
for its production. Many researches demonstrated isolation of inulin 
in good yields from different plant materials [13-15]. In our previous 
reports, inulin from Jerusalem artichoke, common chicory, dahlia, and 
elecampane was isolated by “green methods” of extraction - microwave 
and ultrasonic irradiation [16-19]. The search of good yields and 
sustainable plant sources of inulin attracts attention to the vegetable 
black salsify (Scorzonera hispanica L.).

Black salsify, known as Spanish salsify, scorzonera, salsify, kozelets, 
black oyster plant, serpent root, viper’s herb, and viper’s grass, 

is a perennial plant from the subgenus Scorzonera, Asteraceae 
family [20-23]. It is native for Europe, North Africa, and Asia, and it has 
been introduced to North America [23]. It is cultivated as a crop plant 
because of its taproots not only in the Mediterranean region but also in 
other temperate and subtropical areas, as well as at higher altitudes in 
the tropics [25].

The leaves are usually linear to linear-elliptic or lanceolate, more 
rarely also ovate, with parallel veins, not divided, base with semi-
amplexicaul usually persistent sheath, margin entire, flat, or sometimes 
undulate  [22-23].They are rich in vitamin C, but lack inulin [24], and 
they are eaten fresh or blanched, especially in salads [25]. The roots are 
long, white, milky inside, and blackish outside [26,27]. They are edible, 
consumed processed and canned [28] or eaten fresh (raw, seasoned, 
or cooked). It is cooked as a vegetable and also used dried. They are 
roasted as coffee substitute [22] because of their high levels of inulin 
roots that are very appropriate for diabetic diets [26]. Roots contain 
valuable content of polysaccharides (about 17%), mainly inulin [29] 
13–16%, pectin  -  3–5%, and fiber -  1.5–2.5% [27]. Powder of black 
salsify roots (3–4%) was used in ice cream fortification with fibers [27]. 
It was also reported that inulin content in S. hispanica roots reached 
values 8–21% dw, as the degree of polymerization (DP) >5 dominated 
and reached 75% [13,30]. With 300  g cooked dish of this vegetable, 
6–9 g of daily intake of inulin was assured [13].

However, only data for inulin content in the roots are available, without 
any studies about inulin isolation and its physicochemical and spectral 
characteristic. Therefore, the purpose of the current study was to 
evaluate black salsify (S. hispanica L.) as a potential source of inulin 
and to characterize the physicochemical properties of the isolated 
polysaccharide for future application in food and pharmacy.
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METHODS

Chemicals, reagents, and standards
All chemicals and reagents used were analytical grade.

Plant material
Black salsify (S. hispanica L.) seeds were purchased from an agriculture 
store (Plovdiv, Bulgaria) produced under trademark Florian (Romania). 
The seeds were planted during April 2017. Black salsify leaves and roots 
were harvest during November 2017 (Plovdiv, Bulgaria). The plant 
samples were checked and identified as black salsify (S. hispanica L.) by 
the botanists from Agriculture University (Plovdiv, Bulgaria). The leaves 
and roots were washed with tap water to remove any impurities. The 
leaves were dried at room temperature. The roots were chopped into 
parts with sizes 2–3 cm and then dried in the oven at 40°C. The plant 
materials were finely ground in a laboratory homogenizer to powder 
and sieved through 0.5 mm. The leaves and roots were kept in tightly 
closed containers for further analysis.

Extraction procedure
Plant materials form black salsify (leaves and roots, respectively) were 
extracted with d. H2O in solid-to-liquid ratio 1:10 (w/v). The extraction 
procedure was performed in an ultrasonic bath (SIEL, Gabrovo, Bulgaria, 
35 kHz and 300 W) for 20 min, at 75°C in duplicate [31]. The obtained 
extracts were filtered and the residues were extracted again under the 
same conditions. The volume of combined extracts was measured and 
they were used for high-performance liquid chromatography (HPLC) 
analysis of carbohydrates.

HPLC analysis of inulin and sugars
Chromatographic separation was performed on an HPLC instrument 
Elite Chrome Hitachi, coupled with a refractive index detector (RID) 
Chromaster 5450. The separation was done on a Shodex® Sugar 
SP0810 (300 mm×8.0 mm i.d.) with Pb2+ and a guard column Shodex 
SP-G (5 μm, 6 mm×50 mm) operating at 85°C, mobile phase d. H2O with 
flow rate of 1.0 ml/min and the injection volume 20 μl [31].

Isolation of inulin from black salsify (S. hispanica L.)
The dry black salsify roots were extracted using distilled water in solid-
to-solvent ratio 1:10  w/v. The microwave-assisted extraction (MAE) 
was performed in duplicate in a microwave oven (Daewoo KOR, power 
700 W, and 2450 MHz frequency) as duration of each extraction was 
5 min. The sample was filtered through nylon cloth and the obtained 
extracts were cooled to the room temperature. Then, it was precipitated 
by the addition of four volume 95% (v/v) ethanol, the sample was 
cooled at −18°C for 60 min, and the vacuum filtration was performed. 
The obtained residue was washed with 95% ethanol and acetone, and it 
was dried in vacuum oven. The yield was calculated using the following 
equation (1):

inulin  gYield  %
weight of dry roots  g

=
,, *100

,
� (1)

Characterization of inulin
The obtained inulin was characterized by different spectral and 
chromatographic methods. Melting point of isolated inulin was 
measured on a melting point Kofler apparatus. The reducing groups 
were determined by PAHBAH method at 410  nm [32]. Total fructose 
content was assayed by resorcinol-thiourea methods at 480 nm [16,17]. 
The purity of inulin was analyzed by HPLC instrument Elite Chrome 
Hitachi with a Shodex® Sugar SP0810 (300 mm × 8.0 mm i.d.) with Pb2+ 
and a guard column, operating at 85°C, coupled with RID Chromaster 
5450. The mobile phase was distilled water with a flow rate of 
1.0 mL/min and the injection volume was 20 µl [31].

Homogeneity and molecular weight of inulin
Number average molecular weight (Mn) and weight average molecular 
weight (Mw) of black salsify inulin were evaluated by HPLC size-

exclusion chromatography (HPLC-SEC). It was carried out using HPLC 
chromatograph ELITE LaChrome (VWR Hitachi, Japan) on a column 
Shodex OH pack 806 M (ID 8×300mm), (Shodex Co., Tokyo, Japan) 
operating at 30°C and an RI detector (VWR Hitachi Chromaster, 5450, 
Japan). Elution was performed with mobile phase 0.1 M NaNO3 solution 
with a flow rate of 0.8 mL/min. Samples were filtered through 0.45 μm 
filter PTFE45/25  mm (Isolab, Germany), and they were injected 
(20 μl loop) at concentration of 3  mg/ml. The standard curve built 
with different pullulans was used for the calculations. Polydispersity 
index of inulin was calculated as the ratio of the two molecular weights 
(Mw/Mn) [33,34]. The DP was calculated by dividing the mass of the 
oligomer to the anhydrofructose unit (162 g/mol) [14].

Fourier transformed-infrared (FTIR) spectroscopy
The FT-IR spectrum of inulin isolated by MAE was recorded on a Nicolet 
FT-IR Avatar Nicolet (Thermo Science, USA). Inulin sample (5 mg) was 
pilleted in KBr. All spectra were collected in the range of 4000–400 cm−1 
with a resolution of 4 cm−1 after 132 scans, and the absorption was 
reported in wavenumbers (cm−1).

Functional properties
Swelling properties
Swelling properties of black salsify inulin were evaluated as previously 
described [35]. Inulin (100  mg) was hydrated with distilled water 
(10  ml) in a calibrated cylinder (1.5  cm in diameter) at room 
temperature. After equilibration (18 h), the bed volume was recorded 
and expressed as volume per g original substrate dry weight [35].

Solubility
Inulin (100 mg) was suspended in distilled water (30 ml), stirred for 
3 h at room temperature and then it was centrifuged (3000 rpm). The 
supernatant was discarded. The pellets were dried at 105°C to constant 
weight, and water-insoluble parts were determined from loss in sample 
weight during extraction [35].

Water-holding capacity (WHC) and oil-holding capacities (OHC)
Water-holding and oil-holding capacities of inulin were determined in 
duplicate [35]. Inulin (0.1 g) was put into tared 50 ml polypropylene 
centrifuge tubes to which 10 ml deionized water or sunflower oil was 
added, respectively. The tube was capped and was vigorously mixed. 
The samples were stored for 24  h at 20°C before centrifuging at 
3500 rpm for 15 min. The excess of water or oil was decanted and the 
tubes inverted for 1 h at 20°C. The tubes were then weighed and dried 
at 105°C to constant weight. The WHC was expressed as the grams 
water held by 1g of sample. The OHC was expressed as the grams of oil 
held by 1 g of sample.

Statistics
All statistical analyses were performed using ANOVA Microsoft Excel.

RESULTS AND DISCUSSION

Characterization of plant material
The detailed carbohydrate analysis of water extracts obtained from 
vegetable parts of black salsify was summarized (Table  1). In leaves, 
typically consumed as salads, only sucrose, glucose, and fructose were 
found. The level of sucrose (3.44 g/100 g dw) was higher than this of 
monosaccharides. Any fructooligosaccharides were not detected in 
leafy samples. However, the roots showed significant content of inulin 
(22.6 g/100 g dw) and 1-kestose 6.25 g/100 g (Table 1). The reported 
in the current study results were in the range of 8–21%, but lower 
than reports of 37–38% [27]. It was previously reported that total 
inulin content was 21.2% dry weight (or 4.2% fresh) [13]. Therefore, 
our findings for inulin content in the roots of this vegetable source 
coincided with literature [13,27]. However, contrary to the report for 
the presence of inulin in leaves, any fructans or inulins were not detect, 
as well as nystose in the roots [13]. The sucrose values were in a good 
agreement with data for fresh salsify (kestose=8.1% fw and sucrose 
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12.8% fw, respectively) [13]. The reported level for fructose content 
(1.98 g/100 dw) in roots was lower than reported by Van Loo et al. [13].

Characterization of inulin from black salsify
The characteristics of inulin from black salsify roots were summarized 
in Table 2. The isolated inulin presented slightly sweet, white substance 
with high yield (20%), and purity (70%). The purity of obtained inulin 
was tested by HPLC-RID analysis (Fig. 1).

The HPLC-RID chromatogram of inulin showed one single peak. The 
retention time of the investigated substance (tR = 5.85 min) coincided 
with this of chicory Raftiline inulin (DP=22) used as a reference. Minor 
amounts of kestose and sucrose were found that could be explained 
with separation mode or as a result of heating during extraction of 
inulin.

The reducing groups were not higher than 1.2% (Table  2). This 
value was lower than inulin obtained from elecampane and common 
chicory with glucose content of 2.2–2.6% [16,17]. The average DP 
was calculated to be 17 that characterized it as inulin with medium 
chain length (Table 2). It is well-known that the DP of inulin depends 
on different factors: plant species, climate and growing conditions, 
harvesting maturity, and storage time after harvest [15,19].

The pharmacological properties also depend mainly on their DP [6]. 
The general correlation is as follows: a  higher average DP means a 
higher biological activity of the inulin. Therefore, in this study, isolated 
inulin was characterized with DP 17 and can be classified as β-inulin 
that produced by addition of ethanol or by freeze thawing. The isolated 
in this study inulin was obtained by ethanol precipitation. This form is 
readily soluble in water at room temperature. Moreover, its DP is near 
to alpha-1 isoform (DP 19–20) according to the new classification [5]. 
High-molecular-weight inulin (DP 10–65), is fermented twice slower 
than low polymerized inulin, saved the metabolic activity of the 
improved microflora in the colon [15].

Blecker et al. [34] showed the dependence between DP and inulin 
melting temperature. Melting temperature reported in this study 
(Table 2) was similar to reported between ones 165 and 183°C [34].

In the current study, HPLC SEC-RI analysis was used for the 
determination of Mw, Mn, and the polydispersity index of isolated inulin 
from black salsify roots (Table 2). The HPLC-SEC chromatogram (Fig. 2) 
showed one single symmetric peak, suggesting that inulin was purified 
completely and presented narrow molecular weight distribution of 
inulin with polydispersity index 1.04.

The extraction conditions (i.e.,  temperature, pH, and time) and the 
purification methods also can be affected DP of inulin [13, 16-19].

Functional properties
Moreover, the DP and polydispersity index of an oligo- or poly-saccharide 
influence the physicochemical properties to a large extent  [34]. The 
isolated inulin from the black salsify roots possessed good water 
solubility and low swelling ability only 2 ml/g sample. Similar swelling 
ability possessed inulin from agave and chicory [36]. However, WHC of 
this inulin was a quite low and absorbed 0.5 g of water per gram samples. 
These functional properties were compared with commercial inulin 
standard from chicory (Raftiline HPX, Beneo, Orafti) with DP 22–25 inulin. 
In addition, in the current study, this chicory inulin showed the following 
characteristics: 1.1  ml/g sample (swelling properties), water-holding 
capacity 1.6 g water/g sample, and OHC 3.5 g oil/g sample. In comparison 

with published research for chicory and agave inulin [36], inulin from 
black salsify possessed higher swelling and OHC (Table 2). Moreover, 
black salsify inulin with DP 17 showed lower WHC than galactomannan 
isolated from carob flour [35] and agave inulin [36]. This could be due to 
particle size, which increased the contact surface between hydrocolloid 
and water. However, OHC of the isolated inulin was significantly high 
(6.0 g oil/g sample) in comparison with chicory inulin (3.5 g oil/g), agave 
inulin (3.3 oil g/g) [36], and other polysaccharides [35]. The stabilization 
ability of inulin in food products as sauces and mayonnaise could be 
explained with its good OHC that represents the ability of the product 
to absorb fats. Therefore, inulin from S. hispanica L. demonstrated good 
OHC higher than WHC (Table 2). These results can be useful for future 
application of inulin from the black salsify roots as stabilizer in oils and/
or lipid-soluble components in food and pharmaceutical formula.

FTIR spectroscopy
The FT-IR spectrum of inulin from black salsify (S. hispanica L.) roots 
contained typical bands [37-40] for inulin-type fructans (Table 3 and 
Fig.  3). This is the first report for spectral characterization of inulin 
obtained from the black salsify roots.

The detailed bands assignment was summarized in Table 3.

The broadband at 3300 cm−1 was assigned with the typical stretching 
vibrations indicated the presence of hydroxyl groups (-OH) of 

Table 1: Quantities of sugars and inulin in vegetal parts of black salsify (Scorzonera hispanica L.), g/100 g dw

Vegetal parts Inulin Nystose Kestose Sucrose Glucose Fructose
Leaves Absent Absent Absent 3.44±0.21 0.21±0.02 0.49±0.02
Roots 22.64±0.21 Absent 6.52±0.20 12.80±0.05 1.37±0.05 1.98±0.05

Table 2: Characterization of inulin isolated by microwave 
extraction from black salsify (Scorzonera hispanica L.) roots

Characteristics Values
Yield, % 20.0±1.0
Purity, % 70±2.0
Reducing groups, % 1.2±0.1
Fructose content, % 50±3.0
Average degree of polymerization 17
Weight molecular weight (Mw), Da 2729
Number molecular weight (Mn), Da 2616
Polydispersity index 1.04
Swelling properties, ml/g 2.0±0.1
Water‑holding g water/g sample 0.5±0.1
Oil‑holding capacity, g oil/g sample 6.1±0.5
Melting point, °C 168‑170
Solubility at 25°C, % 94±2 
Appearance White
Taste Slightly sweet

Fig. 1: High-performance liquid chromatography with refractive 
index detection chromatogram of inulin isolated from black 

salsify (Scorzonera hispanica L.) roots
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carbohydrates [41,42] and was connected with inter-  and intra-
molecular hydrogen bonds. The small bands at around 2931cm−1 
and 2889cm−1 were assigned with symmetric and asymmetric 
stretching vibrations of C-H [37-40] from methylene groups. One 
band at 1643 cm−1 was appeared that was not specific for inulin, and 
it was assigned with absorption of water because of its hygroscopic 
properties of this homopolysaccharide. In the region between 1500 
and 900 cm−1 bands typical for C-C stretching in pyranose ring, C-O 
and C-O-C deformation modes (Fig.  3) were appeared. The bands at 
1132 cm−1 were characteristic for C-O-C ring stretching vibrations 
and the bands at 1027 cm−1 were assigned with C-O stretching 
vibrations. The band at 935 cm−1 was assigned with α-D-Glcp residue in 
carbohydrate chain [38]. The bands at 873 and 818 cm−1 confirmed CH2 
ring vibration of β-anomer and the presence of 2-ketofuranose [39]. 
Similar bands were reported for inulin from elecampane, chicory, 
dahlia, and Jerusalem artichoke as previously described [16-19,43]. 
Therefore, the isolated polysaccharide from the roots of black salsify 
was characterized as inulin.

CONCLUSION

For the first time, inulin was isolated by MAE from black salsify roots, 
and further spectral and physicochemical characterizations were done. 
Inulin was evaluated as the major component of the black salsify roots 
in high yields (20% dw) and good purity. Inulin was characterized as 
middle chained with average DP 17. These characteristics are of the 
main interest because of the important functional properties of inulin, 
related to prebiotics, dietary fiber, in control of lipid metabolism, 
diabetes, and immunomodulation. The standardization and the chemical 
characterization of inulin from black salsify approved this plant as a 
significant source of inulin for future application in food technology and 
pharmaceutical industry. Its promising OHC demonstrated potential 
application of inulin from black salsify in lipid-containing food and 
pharmaceutical formulas.
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