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ABSTRACT
Introduction: Inulins are a group of natural active polysaccharides found in ginseng and dangshen
and mainly used in pharmaceutical preparations and functional food. The purification condition of
inulin from dangshen grown in Vietnam did not occur in previous studies. Hence, the study
presented on the content, purification degree, molecular weight, and functional group
characteristics of inulin extracted from natural dangshen roots (Codonopsis javanica) in other
purification conditions.
Methods: Some factors survey impact purification conditions of inulin, for example, the kinds and
the concentration of the solvent, the temperature and the times of the precipitation, and the active
coal impact. The objects such as the content of inulin, fructan, and crude polysaccharide,
purification degree of inulin, and fructan were analyzed. Molecular weight and functional group
_____________________________________________________________________________________________________
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characteristics of purification inulin extracted from dangshen roots (Codonopsis javanica) grown in
highland Lam Vien, Vietnam, were also analyzed.
Results: The purification degree of inulin purified by using ethanol was higher than that using
active coal, corresponding to 97.85a ± 0.84 % and 94.05 %, respectively. Inulin content was the
large ratio in crude polysaccharide, exhibited via FTIR and the analysis results. Inulin and fructan
were the most precipitated in ethanol, for example, 80 % and 90 % ethanol, respectively, compared
to another solvent. The kinds and the concentration of the solvent, the temperature and the
precipitation times, and active coal impacted the content and the purification degree of inulin and
fructan (p < 0.05). The precipitation of inulin and fructan in ethanol solvent was affected by the
temperature. The molecular weight of inulin and fructan corresponded to 3,193 Da and 1,112,892
Da, respectively.
Conclusion: Inulin of natural dangshen roots in Lam Vien highland, Vietnam was useful for
functional foods and pharmaceutics.
Keywords: Inulin; fructan; dangshen; Codonopsis javanica; purification.
the time, and the solvent-to-material ratio [16].
However, the impact of the factors in the
purification precipitation of inulin and fructan did
not exhibit in previous studies.

1. INTRODUCTION
Dangshen (Codonopsis javanica) is a useful
medicinal plant for humans, and naturally
distributes in Vietnam with a height of over 800
m. They are classified into the genus Codonopsis
and mainly contained inulins and fructose
oligosaccharides (FOS) that possessed different
bioactivities. For example, the improved ability of
the immunity system [1,2], anticancer [3-6],
probiotic bacteria support [7], prebiotic role [6-8],
the treatment of the intestinal disease (infections,
colon cancer, inflammatory bowel, the irritable
bowel syndrome), Crohn's disease [1], antiinflammatory [9], anti-hypertensive, reducing
triglycerides and glucose in the blood, and
cardiovascular
disease-preventing
[5,6,9],
vaccine excipient, increasing calcium absorption
and mineralization in bone, limiting osteoporosis
[9,10].

Hence, the study will focused on the purification
degree, and molecular weight of the inulin
extracting from dangshen roots (Codonopsis
javanica) that naturally found highland Lam Vien,
Vietnam with some different conditions of the
purification process.

2. MATERIALS AND METHODS
2.1 Sample Preparation
Natural dangshen roots in 3 growth years were
o
cleaned, dried at 55 C until the moisture less
than 10%. Dried dangshen was removed fatty
acids for 6 hours according to the heat reflux
method with n-hexane [17] and for 15 minutes
with absolute ethanol according to 1/9 (w/v) for
removing the supernatant (pigments). The
residue was extracted for 36 minutes at 71oC
according to the ratio of 1/47 (w/v) with the
supersonic. The extract selection was then
through the Whatman No. 4 paper (20 – 25 µm)
o
and stored at – 52 C for further studies.

Therefore, dangshen was known as a medical
resource for the production of functional food and
synbiotic [8,11,12]. Inulin and FOS played a role
in the absorption improvement of calcium and
magnesium but did not change their balance.
FOS does not increase the risk for humans, for
example, disease, death, or organ toxicity. The
fibers did not cause mutagenic, carcinogenic,
or teratogenic [8]. Hence, fructose-rich
polysaccharides (inulin and FOS) are diverse
structures and bioactivities. The complex of inulin
(DP 10-70) and FOS (DP 3-10) forms fructan in
dangshen [3,11,13-15]. The content and the
characterization of inulin and fructan depended
on the extracting conditions and initial material
[11]. The bioactivities of inulin and fructan were
better as the polysaccharides composed of short
and long-chain [5]. The content and the
purification degree of inulin depended on the
solvent (kinds, concentration), the temperature,

2.2 Experience Design
2.2.1 Determining of the precipitation solvent
of inulin and fructan
This stage studied the effect of the kinds
and the concentration of solvent on inulin and
fructan.
Determination of the precipitation solvent kinds of
inulin and fructan was as follows: The filtrate was
continuously in turn mixed with different polarity
solvents such as acetone, ethanol, ethyl acetate,
84
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n-butanol, and n-hexane, respectively, for
collecting the residue. The residue was dissolved
into the water and mixed with 0.1%
trichloroacetic acid for the movement of protein.
The supernatant was added to absolute ethanol
according to the supernatant-to-ethanol ratio of
1/4 and 1/9 (v/v), in turn, for the residue
collection [14]. The content of inulin, fructan, and
crude polysaccharide was determined and
calculated for all different residues (Fig. 1).

at 55 C. Then, adding 80% ethanol was into the
concentrated filter for keeping at 4-8oC for 24
o
hours, and centrifugated at 13,000 rpm at 16 C
for 15 minutes for selecting purification inulin.
The content of inulin and polysaccharide and
purification degree of inulin was also determined
and calculated (Fig. 1).

Determination of the precipitation solvent
concentration of inulin and fructan was following:
After supersonic extraction, the supernatant was,
in turn, mixed 60, 70, 80, and 90% ethanol,
respectively, for 24 hours at the lower
temperature of 8 ± 1oC for collecting the residue
that was determined the content of inulin, fructan,
and crude polysaccharide (Fig. 1).

2.3.1 Crude polysaccharide content

2.2.2 Determining
of
the
precipitation
temperature of inulin and fructan

The content of inulin and fructan was quantified
by spectrophotometer at 483 nm according to the
method of Pencheva et al. [19] and calculated
with the fructose standard.

2.3 Quantification
Content

of

Polysaccharide

Crude polysaccharide content was quantified
according to the Dubois method and calculated
with glucose standard at the wavelength of 486
nm [18].
2.3.2 The content of inulin and fructan

After supersonic extraction, the extract was, in
turn, added to absolute ethanol according to the
extract-to-ethanol ratio of 1/4 and 1/9 (v/v),
respectively. All mixtures were, in turn, kept at
o
o
the lower temperature of (8 ± 1) C, - (11 ± 1) C,
o
and - (17 ± 1) C for 12 hours, respectively. The
o
mixture was then centrifugated at -16 C for 15
minutes at 13,000 rpm for the residue and drying
the residue at 55oC. The content of inulin,
fructan, and crude polysaccharide in all residues
was determined and calculated (Fig. 1).

2.4 Purification Degree and Determination
of Inulin and Fructan
Purification degree of inulin and fructan was
calculated on crude polysaccharide content and
determined on the thin-layer chromatography of
Silica gel 60 F254 [20] with Rf=a/b.
Acetic acid:CHCl3:H2O according to the ratio
(7:6:1, v/v/v) was as the mobile phase. 0.2%
resorcinol in 10.0% sulfuric acid was spray
solution.

2.2.3 Determining the precipitation times of
inulin and fructan

2.5 Determination of Inulin Molecular
Weight and Structure Characteristics

After centrifugation, the residue was continuously
dissolved into the distilled water and added to
ethanol until 80% ethanol in the mixture that kept
o
for 24 hours at (8 ± 1) C. The precipitation
separation was then via centrifugation and
analyzed the content of inulin and fructan in the
residue. This cycle repetition was up to 6 times,
described in Fig. 1.

The molecular weight of inulin was determined
using HP Hewlett Packard Series 1050 HPLC
with the column SHODEX OHpak KB – 804 (8.0
x 300.0 mm). The structure characteristics of
inulin was measured using the machine Nicolet
Impact 410 FTIR spectrometer.

2.2.4 Purification of inulin using active coal

2.6 Data Analysis
After filter using the membrane (PTFE 0.45 µm),
the extract was adjusted to pH 10 by using 0.2%
Ca(OH)2 and kept for 60 minutes at 25oC for the
supernatant collection that continuously adjusted
to pH 8 - 8.5 by 0.8 M oxalic acid and hold for 60
minutes for the filter selection that concentrated

Using the Duncan method for the movement of
unnormal value and the analysis of statistics and
ANOVA was by using MS Excel software. The
results were exhibited and expressed as mean ±
SD.
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Fig. 1. Diagram of inulin purification from dangshen Codonopsis javanica
exhibited inulin and fructan content decreased
according to the polarity decrease of the solvent
(Table 1). Inulin precipitating by 80% ethanol was
0.77, 0.80, 0.47, 0.61, and 0.51 times of fructan
precipitating by 90% ethanol, respectively. After
precipitating by acetone and 96% ethanol, the
significant difference did not occur (p > 0.05) for
the precipitation of the crude polysaccharide
content continuously by 80% and 90% ethanol.

3. RESULTS AND DISCUSSION
3.1 Effect of the Precipitation Solvent of
Inulin and Fructan
The weight of crude polysaccharide precipitating
a
in 90 % ethanol (294.08 ± 6.51) (mg glucose
equivalent/g DW) was less than that one in 80%
a
ethanol (233.07
± 4.97) (mg glucose
equivalent/g DW). The precipitating weight of
crude polysaccharide depended on the polarity of
the solvent and decreased in following order:
acetone, ethanol, ethyl acetate, n-butanol, and nhexane. The weight of crude polysaccharide
precipitating in n-hexane was 70.05, 31.12, 7.69,
and 7.32 %, compared to n- butanol, ethyl
acetate, ethanol, and acetone. The results

The solvent polarity caused on the difference in
the solid-precipitated content consisting of inulin
and fructan. The significant difference in fructan
content between the different solvent occurred (p
< 0.05). The thing was found in the content inulin
and crude polysaccharide, except for acetone
and ethanol. Inulin was fully precipitated as using
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Table 1. The precipitation of the crude polysaccharide, fructan, and inulin in other solvents
Solvent

Acetone
Ethanol
Ethyl acetate
n-butanol
n-hexane

Inulin content (mg
fructose equivalent/g
DW)
232.92 a ± 5.02
a
222.66 ± 5.09
b
46.50 ± 3.87
c
22.54 ± 2.84
12.32d ± 1.29

80% ethanol
Crude polysaccharide
(mg glucose
equivalent/g DW)
244.92a ± 5.28
a
233.07 ± 4.97
b
57.58 ± 6.20
c
25.58 ± 3.79
17.92d ± 0.58

Purification
degree (%)
95.10
95.53
80.76
88.12
68.75

Fructan content (mg
fructose equivalent/g
DW)
301.81a ± 12.30
b
278.90 ± 2.16
c
98.65 ± 5.41
d
36.99 ± 2.39
24.25e ± 2.16

Note: Different words in the same column were statistical significance (p < 0.05)
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90% ethanol
Crude polysaccharide
(mg glucose
equivalent/g DW)
312.43a ± 12.73
a
294.08 ± 6.51
118.08b ± 5.44
c
44.83 ± 2.84
33.33d ± 2.92

Purification
degree (%)
96.60
94.84
83.54
82.51
72.76
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80% ethanol because of the low molecular
weight of inulin [14]. Ethanol is useful for
precipitating polysaccharide in food because of
their safety, compared to other solvents (nhexane
and
acetone)
[14,19].
Crude
polysaccharide precipitation depended on the
solvent concentration (p < 0.05), decreased
according to the decreasing trend of the solvent
concentration and the most precipitated as using
90% ethanol (294.08 mg glucose equivalent/g
a
DW), following 80% ethanol (232.07 ± 4.97 mg
glucose equivalent/g DW). Crude polysaccharide
precipitating at 80% ethanol corresponded to
78.91% of total polysaccharide in the extract and
100% at 90%. Methanol, ethanol, and acetone
were useful for the sellecting precipitation of the
length chain (DP 25-40) [21]. Ethanol
concentration was the important factor for the
decision of the precipitating yield [21]. The
structure characteristics and molecular size also
affect
the
precipitation
of
naturally
polysaccharide in ethanol solvent. Basing on the
characteristics, it was easy on the movement of
free sugar, pigments, low weight polysaccharide,
and amino acid [22].

and 94.84 to 95.12%, respectively. Inulin content
corresponded to 222.66a ± 5.09 mg fructose
equivalent/g DW as using 80% ethanol and
o
keeping at 4 C for precipitating inulin,
corresponding
to
95.53%
of
crude
polysaccharide. Therefore, inulin was the main
composition of crude polysaccharide and
dangshen roots. The separation according to the
molecular weight usually occurred in the freeze
or cold processing, so inulin dissolved easily into
hot water [23] and precipitated in cold water [12],
and the almost precipitation of inulin was at 4oC
[13].
The analysis results showed that inulin and
fructan possessed the molecular weight of 3,193
Da and 1,112,892 Da, respectively (Table 3 and
Fig. 2). According to Mensink et al. [11] and
Shoaib et al. [1], the molecular weight of inulin
2
4
and fructan was from 5.0x10 to 1.3x10 Da and
4
8
1x10 to 1x10 Da, suitable to the current study.

3.3 Effect of the Precipitation Times
Using 80% Etoh and Active Coal on
the Content and the Purification
Degree of Inulin

3.2 Effect
of
the
Precipitation
Temperature for Inulin and Fructan

Inulin of dangshen was white colour that ensured
the purification of inulin. The purification degree
c
b
of inulin got (75.08 ± 0.89)%, (84.84 ± 4.99)%,
a
and (97.85
± 0.05)%, corresponding to the
precipitation times of fourth, fifth, and sixth. The
significant difference in inulin content between
other precipitations occurred (p < 0.05) (Table 4).

Inulin content precipitating in aqueous extract
was a positive ratio to the temperature decrease,
a
got the highest value (86.23 ± 1.66 mg fructose
o
b
equivalent/g DW) at (-17 C), following (36.98 ±
o
2.43 mg fructose equivalent/g DW) at (-11 C),
c
and the lowest value (22.33 ± 2.04 mg fructose
equivalent/g DW) at 4oC. The precipitation of
inulin in aqueous extract containing ethanol was
higher than that one containing non-ethanol as
keeping at the same temperature and finding a
significant difference (p < 0.05) (Table 2). The
content of inulin and fructan precipitating in 80%
and 90 % ethanol at different temperatures was a
non-significant difference. The precipitating yield
of inulin and fructan was from 95.53 to 96.20%

The content of inulin and purification
polysaccharide corresponded to 179.84 ± 5.61
and 199.67 ± 4.46 mg fructose equivalent/g
DW, respectively, as in turn, using 2% Ca(OH)2,
0.8 M oxalic acid, and active coal for aqueous
extract,
and
precipitating
inulin
and
polysaccharide by 80 % ethanol for an aqueous
extract that filtered via the membrane PTFE 0.45
µm. Therefore, the purification degree of inulin

Table 2. Effect of temperature and solvents on the precipitation of inulin and fructan
Temperature
(oC)

4-8
-(11-12)
-(17-18)

Aqueous
Inulin content
(mg fructose
equivalent/g
DW)
c
22.33 ± 2.04
b
36.98 ± 2.43
86.23a ± 1.66

Ethanol
80%
90%
Inulin content Purification Fructan content
(mg fructose
degree (%)
(mg fructose
equivalent/g
equivalent/g
DW)
DW)
a
a
222.66 ± 5.09
95.53
278.90 ± 2.16
a
a
224.19 ± 8.71
96.19
279.67 ± 4.80
a
224.21 ± 5.38
96.20
279.73 a ± 6.16

Purification
degree (%)

94.84
95.10
95.12

Note: Different words in the same colume exhibited significant difference (p < 0.05)
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Table 3. Some parameters of the spectrum of inulin and fructan
Order
1
2

Rt (min)
4.919
8.673

Peak area
247.161
6711.200

Area percent of peak (%)
3.552
96.448

Molecular weight (Da)
1,112,892
3,193

Fig. 2. The chromatogram of purified inulin from dangshen Codonopsis javanica
Table 4. The content and the purification degree of inulin after times 4th, 5th, and 6th of
precipitation
Times of
precipitation
4
5
6

Crude polysaccharide
content (mg glucose
equivalent/g DW)
816.67a ± 28.27
ab
783.33 ± 28.87
b
746.67 ± 5.77

Purification using 80% ethanol
Purification inulin content (mg Purification degree
fructose equivalent/g DW)
(%)
613.07c ± 17.52
75.08c ±0.89
b
b
663.95 ± 29.63
84.84 ± 4.99
a
a
730.61 ± 4.02
97.85 ± 0.84

Note: Different words in the same column were statistical significance (p < 0.05)
-1

was from 94 to 98% and 86.35 to 94.05%,
corresponding to six precipitation times and
using active coal, respectively. The analysis
results for Rf of the standard of glucose, fructose,
sucrose, and inulin were similar to Rf of inulin
and fructan (Rf from 0.411 to 0.415) that purified
by ethanol and active coal, respectively.

previous study [24]. The peak 2100 cm
presented to the C–H bonds, described by Aurea
et al. [25]. The carbonyl groups stretching (C=O)
occurred in the spectrum via the peak 1640 cm-1,
described by Rengasamy et al. [26]. The peak
1412 cm-1 related to C–C stretch (in-ring) of
benzene, found in the current study.. The
stretching of C-O groups presented at the peak
1322 cm-1 following Luca et al. [27] (Fig. 3). The
-1
peak 1043 cm belonged to the vibration of
hydroxyl groups [27]. The stretching of =C–H and
=CH2 and the C–H bend (rocking) of –C≡C–H
-1
-1
appeared at the peak 927 cm and 648 cm ,
-1
respectively [28]. The peak 865 cm and the
-1
peak 1136 cm were similar to the C-O-C
stretching of the fructopyranose rings and the
glycosidic linkages of inulin, respectively,
described by Amir et al. [29].

FTIR spectrum of inulin that purified by using
ethanol exhibited the accuracy of bands at 3180 3545 cm-1, 2932 cm-1, 2100 cm-1, 1640 cm-1,
-1
-1
-1
-1
1412 cm , 1322 cm , 1136 cm , 1043 cm , 927
-1
-1
-1
cm , 865 cm , and 648 cm . The peaks in the
range at 3180 - 3545 cm-1 exhibited the vibration
of the H–bonding and the hydroxyl stretching.
The peak 2932 cm-1 exhibited the assign of CH
and C-H stretching vibration, corresponding to
the group of methoxy compounds, similar to the
89
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Fig. 3. FTIR spectrum of purified inulin from dangshen Codonopsis javanica
functional foods - Code: B2018-DLA
DLA-01, granted
by Ministry of Education and Training.

4. CONCLUSION
Inulin
was
the
major
component
in
polysaccharide
extracted
from
dangshen
naturally grown in highland Lam Vien, Vietnam,
and purified by using ethanol and active coal.
Purification degree of inulin precipitating by
a
ethanol (97.85 ± 0.84%) was higher than that
one by active coal (94.05%). 80% and 90%
ethanol was useful for the precipitation of inulin
and fructan, respectively. The temperature effect
on the precipitation of inulin and fructan in
ethanol solvent was a non-significant
significant difference,
but a significant difference in an aqueous
solvent. The molecular weight of inulin and
fructan corresponded to 3,193 Da and 1,112,892
Da, respectively. The results will support to
develop the technique of purification for inulin
application
in
functional
food
and
pharmaceuticals.

COMPETING INTERESTS
Authors have
interests exist.

declared

that

no

competing

REFERENCES
1.

2.

3.

CONSENT
It is not applicable.

4.

ETHICAL APPROVAL
It is not applicable.

5.

ACKNOWLEDGEMENTS
The authors wish to acknowledge the project Research on chemical compositions of dangshen
(Codonopsis javanica)) in Lam Dong and apply in

90

Shoaib M, Shehzad A, Omar M, Rakha A,
Raza H, Sharif HR, Shakeel A, Ansari A,
Niazi S. Inulin: Properties, health benefits
and food applications. Carbohydr Polym.
2016;147:444-454.
Advax
A.
A
potent
and
safe
immunopotentiator composed of delta
inulin. Immunopotentiators in Modern
Vaccines. Immunopotentiators in Modern
Vaccines. 2017;199-210.
Barclay T, Ginic MM, Cooper P, Petrovsky
N. Inulin-a
a versatile polysaccharide with
multiple pharmaceutical and food chem
chemical
uses. J Excip Food Chem. 2016;1(3):1132.
Chang R. Bioactive polysaccharides from
traditional Chinese medicine herbs as
anticancer adjuvants. J Altern Complem
Med. 2002;8(5):559-565.
Nadezhda P, Denev Panteley. Evaluation
of fructan contents in the taproots
tap
of plants
Lactuca serriola L. and Sonchus oleraceus
L.
Scientific
Bulletin
Series
F
Biotechnologies. 2013;17:117
2013;17:117-122.

Long et al.; JPRI, 32(24): 83-92, 2020; Article no.JPRI.61146

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Elok Z, Wilda A. Comparative study of
inulin extracts from dahlia, yam, and
gembili tubers as prebiotic. Food Sci Nutr.
2013;4(11):8-12.
Kelly Greg. Inulin-type prebiotics: A review.
(Part 2). Alternative medicine review: Clin
Ther. 2009;14(1):36-55.
Flamm G, Glinsmann W, Kritchevsky D,
Prosky L, Roberfroid M. Inulin and
oligofructose as dietary fiber: A review of
the evidence. Food Sci Nutr. 2001;41(5):
353-362.
Marcel BR. Inulin-type fructans: Functional
food ingredients. J Nutr. 2007;137(11
Suppl):2493S-2502S.
Scholz-Ahrens KE, Adolphi B, Rochat F,
Barclay DV, De Vrese M, Açil Y,
Schrezenmeir J. Effects of probiotics,
prebiotics, and synbiotics on mineral
metabolism in ovariectomized rats—impact
of bacterial mass, intestinal absorptive
area and reduction of bone turn-over. NFS
Journal. 2016;3:41-50.
Mensink MA, Frijlink HW, van der Voort
Maarschalk K, Hinrichs WL. Inulin, a
flexible
oligosaccharide
I:
Review
of its physicochemical characteristics.
Carbohydr Polym. 2015;130:405-419.
Apolinário AC, Lima DB, Ponciano G,
Macêdo B, Napoleão E, Pessoa A,
Converti A, Silva JA. Inulin-type fructans: A
review on different aspects of biochemical
and pharmaceutical technology. Carbohydr
Polym. 2014;101:368-378.
Anil KG, Navdeep K, Kaur N. Preparation
of inulin from chicory roots. JSIR. 2003;
62(09):916-920.
Xu J, Yue R-Q, Liu J, Ho H-M, Yi T, Chen
H-B, Han Q-B. Structural diversity requires
individual
optimization
of
ethanol
concentration
in
polysaccharide
precipitation. Int J Biol Macromol. 2014;67:
205-209.
Reza K, Hossein AM, Mehran G, Vaziri
Moharam. Application of inulin in cheese
as prebiotic, fat replacer and texturizer: A
review. Carbohydr Polym. 2015;119:85100.
JTCL T, KJ P, JRP R, FEX M, Fabbro IMD.
Rheological characterization of chicory root
(Cichorium intybus L.) inulin solution. Braz
J Chem Eng. 2008;25(3):461-471.
Nielsen S. Food analysis laboratory
manual. Second Edition ed. USA:
University West Lafayette. Springer
Publishing. 2010;117.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

91

DuBois M, Gilles EKA, Hamilton JK,
Rebers PAJ, Smith F. Calorimetric dubois
method for determination of sugar and
related substances. Analytical Chemistry.
1956;28(3):350-356.
Pencheva D, Petkova N, Denev P.
Determination of inulin in dough products.
Scientific Works of UFT. 2012;LIX:339344.
Yevtifieieva ОА, Proskurina KI, Smelova
NN, Petukhova IY. Development and
validation
of
UV-Spectrophotometric
method for quantitative determination of
inulin by specific absorbance. Der Pharma
Chemica. 2016;8(1):213-222.
Jun X, Rui-Qi Y, Jing L, Hing-Man H, Tao
Y, Hu-Biao C, Quan-Bin H. Structural
diversity requires individual optimization of
ethanol concentration in polysaccharide.
Int. J. Biol. Macromol. 2014;67:205–209.
Nadezhda P, Manol O, Mina T, Denev
Panteley. Ultrasound-assisted extraction
and characterisation of inulin-type fructan
from roots of elecampane (Inula helenium
L.). Acta Scientifica Naturalis. 2015;1(1):
225-235.
Khuenpet K, Fukuoka M, Jittanit W,
Sirisansaneeyakul S. Spray drying of inulin
component extracted from Jerusalem
artichoke tuber powder using conventional
and ohmic-ultrasonic heating for extraction
process. J Food Eng. 2017;194:67-78.
John C. Interpretation of Infrared Spectra,
A Practical Approach. In: Robert AM,
editor.
Encyclopedia
of
Analytical
Chemistry. New York, United States. John
Wiley & Sons; 2007.
Aurea BN, Gerardo AG, Norma G, José
LMS, María dlÁVV, Leopoldo GC. Fourier
transform
infrared
and
Raman
spectroscopic study of the effect of the
thermal treatment and extraction methods
on the characteristics of ayocote bean
starches. J Food Sci Technol. 2017;54(4):
933–943.
Rengasamy RRK, Rajasekaran A, Perumal
A. Fourier transform infrared spectroscopy
analysis of seagrass polyphenols. Current
Bioactive Compounds. 2011;7:118-125.
Luca P. Advances in nanoparticles:
Synthesis, characterization, theoretical
modelling, and applications. Switzerland:
MDPI. 2020;144.
Jakubczyk E, Ostrowska-Lige˛za E,
Gondek
E.
Moisture
sorption
characteristics
and
glass
transition

Long et al.; JPRI, 32(24): 83-92, 2020; Article no.JPRI.61146

29.

temperature of apple puree powder. Int J
Food Sci Technol. 2010;45:2515-2523.
Amir P, Mohammad BHN, Mohammad
HHK,
Mohammad
HK.
Serish
inulin and wheat biopolymers interactions

in model systems as a basis for
understanding the impact of inulin on
bread properties: A FTIR investigation. J
Food Sci Technol. 2015;52(12):7964–
7973.

© 2020 Long et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/61146

92

