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hi st orapstract

The Jerusalem artichoke (Helianthus tuberosus) tuber is a vegetable with a low caloric
value and a high content of inulin, vitamins and minerals. The purpose of this study was to
determine the physicochemical properties of Jerusalem artichoke powder (JA powder).
The results indicated that moisture, ash, crude fiber, protein, lipid and carbohydrate
contents were 6.71, 3.54, 2.83, 7.58, 0.28 and 79.04%, respectively. The Jerusalem
artichoke stored carbohydrates in the form of inulin instead of starch. Total dietary fiber
(TDF), soluble dietary fiber (SDF) and insoluble dietary fiber (IDF) of JA powder were
53.11, 40.07 and 13.04%, respectively. Total sugar, total phenolic compound (TPC) and
antioxidant activity by DPPH of JA powder were 0.92 mg fructose/g sample, 6.58 mg
GAE/g sample and 93.74 mg TEAC/g sample, respectively. Furthermore, this research
reported the design of experimental for optimizing JA powder on the quality of glass
noodles using three independent variables: JA powder concentration (0-3%), alginate
concentration (1.5-2.5%) and calcium concentration (1-3%). The optimum condition for
the glass noodles was 3% JA powder, 2% alginate and 3% calcium. This optimization
revealed that glass noodles had more fiber and sugar, as well as good hardness,
cohesiveness, springiness and gumminess. The microstructure of glass noodles addition
with JA powder was smaller porosity than glass noodles without JA powder
(commercially glass noodle).

1. Introduction

The Jerusalem artichoke (Helianthus tuberosus) is a

attributes. Inulin is a linear polymer of D-fructose joined
by b(2- 1) linkages and terminated with a D-glucose

plant of the Asteraceae family, which is suitable for
cultivation in temperate zones and produces a high yield
of edible tubers. The tuber is a high content of inulin,
vitamins and minerals, as well as low calories
(Saengthongpinit and Sajjaanantakul, 2005; Bach et al.,
2012). Jerusalem artichoke stored carbohydrates in the
form of inulin instead of starch. Inulin, a non-digestible
oligosaccharide, can preferentially stimulate the growth
and activity of one or a limited number of desired
bacteria in the colon. Inulin in Jerusalem artichoke has
been shown to have a prebiotic effect in humans. In
addition, inulin also affects blood glucose attenuation,
lipid homeostasis, mineral Dbioavailability and
immunomodulatory effects. Including inulin also helps
to improve rheological characteristics and nutritional
properties of food in term of functional food (Lingyun et
al., 2007; Bach et al., 2012). Inulin has been increasingly
used in various foods due to its beneficial nutritional

*Corresponding author.
Email: jittra.w@ubu.ac.th

molecule linked to fructose by an a(l- 2) bond, as in
sucrose (Panchev et al., 2011; Abou-Arab et al., 2011).
The inulin and fructooligosaccharides (FOS) are known
to provided health benefits like the stimulation of
beneficial colon bacteria (prebiotic), reduction in bowel
transit time, increasing in mineral absorption,
improvement of immune response and prevention of
diseases like intestinal infections, colorectal cancers,
obesity, cardiovascular diseases and type II diabetes
(Rubel et al., 2015). Commercial inulin preparation is
mainly made from chicory (Cichorium intybus L.).
However, products of other fructans-containing plants
such as Jerusalem artichoke become increasingly
interesting for application in food as they do not contain
bitter taste compounds and therefore constitute a
palatable functional ingredient (Rubel, et al, 2015;
Judprasong et al., 2018).

Glass noodle is a product from alginate. Alginate is a

eISSN: 2550-2166 / © 2020 The Authors. Published by Rynnye Lyan Resources



18 Singthong and Thongkaew. / Food Research 4 (Suppl. 4) (2020) 17 - 26

group of naturally occurring polysaccharides, extracted
from brown seaweed. Commercial applications for
alginate in food are based on the interaction between
alginate and cation to generate or modify food rheology,
usually by the formation of a gel network in the presence
of calcium ions (Imerson, 1997). The formation of glass
noodle product often involves the addition of alginate,
which could be used to improve stability especially in
avoiding syneresis and to obtain specific textural
characteristics (Li et al., 2017). As consumers® demand
for variety and healthier food choices are increasing
rapidly, food industry and researchers have to
continuously improve the variety, quality and availability
of food products (Polaki et al., 2010). The objective of
this study was to determine the physicochemical
properties of Jerusalem artichoke and was to optimize
the Jerusalem artichoke on quality of glass noodles.

2. Material and methods
2.1 Raw materials

The Jerusalem artichoke (Helianthus tuberosus)
tubers were obtained from a local farmer at Ubon
Ratchathani  province, Thailand. @ The average
temperature for the growing season was 28°C. The
Jerusalem artichoke tubers were harvested at maturity
(20 weeks). All tubers were washed, peeled, sliced (2
mm thickness) and soaked in 0.1% (w/v) ascorbic acid
for 2-3 mins to inhibit the browning reaction. Then dried
at 60°C until for 3 hrs. The dried tubers were milled and
ground through 80 mesh to produce JA powder. The JA
powder was packed in polyethylene bags and stored in
desiccator until requires for further analysis.

2.2 Physicochemical composition

Moisture, ash, protein, lipid, crude fiber and
carbohydrate of JA powder were determined according
to the method of AOAC (2000). Total sugar was
measured using the phenol-sulfuric acid assay (Dubois et
al., 1956). Total dietary fiber (TDF), soluble dietary fiber
(SDF) and insoluble dietary fiber (IDF) were prepared
according to the method of AOAC enzymatic-
gravimetric with slightly modification (AOAC, 1995).

Color changes in the sample were determined by
Hunter Lab (Color Flex Model 45/0, USA) in L*, a*, b*
color parameters.

Total soluble phenolic constituents of JA powder
were determined using the Folin-Ciocalteu reagent with
gallic acid as standard. Sample of 20 uL was added into
a 1.5 mL cuvette, to which 1.58 mL of water and 100 pL
Folin-Ciocalteu reagent was added. The sample was
thoroughly mixed and incubated for 5 min at room
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temperature. Following incubation 300 pL of the
Na,CO;3 (2% w/v) solution was added and the mixture
was allowed to stand at room temperature for 2 hrs.
Absorbance was measured at 765 nm
(Spectrophotometer, Model Evolution 300PC, Thermo
Fisher Scientific, USA). Results were expressed as gallic
acid equivalents (GA) (Oonsivilai et al., 2007; Singthong
etal, 2014).

Antioxidant activity was evaluated in accordance
with the DPPH method. Free radical scavenging activity
was determined using the stable 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical according to the
procedure described by Brand-Williams ef al. (1995) and
Singthong et al. (2014) with slight modification. Briefly,
50 uL for sample solution was added to 950 uL. DPPH
methanolic solution. The reaction mixture was covered
and left in the dark at room temperature. After 15 mins,
the absorption was measured at 515 nm. Ascorbic acid
was used as a standard control.

2.3 Optimization

The experimental design of optimizing JA powder
on quality of glass noodles was carried out under various
conditions, according to a central composite design
(CCD). The effect of three independent variables, JA
powder concentration (1-3%), alginate concentration (1.5
-2.5%) and calcium concentration (1-3%) were
determined (Table 1). The independent variables were
coded to three levels of -1, 0 and +1. The optimization

Table 1. Central composite design (CCD) for the optimization
of JA powder on quality of glass noodles

Coded variable® Process variable®
Treatment

X X3 X3 X X3 X3
1 -1 -1 -1 1 1.5 1
2 -1 -1 1 1 1.5 3
3 -1 1 -1 1 2.5 1
4 -1 1 1 1 2.5 3
5 1 -1 -1 3 1.5 1
6 1 -1 1 3 1.5 3
7 1 1 -1 3 2.5 1
8 1 1 1 3 2.5 3
9 0 0 0 2 2 2
10 0 0 0 2 2 2
11 0 0 0 2 2 2
12 0 0 0 2 2 2
13 -2 0 0 0 2 2
14 2 0 0 4 2 2
15 0 -2 0 2 1 2
16 0 2 0 2 3 2
17 0 0 -2 2 2 0
18 0 0 2 2 2 4

—_—

*Coded level of variables: + = upper level, - = lower level and
0 = center points
X, , X, and X3 were JA powder concentration (%), alginate

concentration (%) and calcium concentration (%), respectively.
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condition was determined using response surface
methodology. All experimental data were statistically
analyzed with Design-Expert® software (Version 6.0.10,
Stat-Ease, Inc., Minneapolis, MN).

Total sugar, crude fiber, color and texture were used
as criteria for the selection of the optimized conditions.
Total sugar was measured using the phenol-sulfuric acid
assay (Dubois et al., 1956). Crude fiber was determined
according to the method of AOAC (2000). Color
changes in the sample were determined by Hunter Lab
(Color Flex Model 45/0, USA). The texture of the
sample was evaluated in terms of texture profile analysis
by a texture analyzer (texture analyzer model LRSK,
Lloyd Instruments Ltd, Segensworth, UK) with a
cylindrical probe (diameter 1 cm) and a test speed of 60
mm/min.

2.4 Structural analysis

For the scanning electron microscopy, samples were
coated with gold using a sputter coater, model SPI-
MODULE™ Sputter Coat, and examined by a JEOL,
JSM-5410LV scanning microscope.

2.5 Data analysis

All experiments and analytical measurements were
run in triplicate. Means of each parameter were analyzed
by analysis of variance (ANOVA). Differences between
treatments at the 5% (p ¢ 0.05) level were considered
significant.

Data were statistically analyzed using the Design-
Expert® software (Version 6.0.10, Stat-Ease, Inc.,
Minneapolis, MN) to find the suitable condition for the
glass noodle with JA powder.

3. Results and discussion
3.1 Physicochemical characteristics of JA powder

The chemical compositions of JA powder were
shown in Table 2. The amounts of moisture, ash, crude
fiber, protein, lipid, and carbohydrate contents were 6.71,
3.54, 2.83, 7.58, 0.28 and 79.04%, respectively. Total
dietary fiber (TDF), soluble dietary fiber (SDF) and
insoluble dietary fiber (IDF) of JA powder were 53.11,
40.07 and 13.04%, respectively. The carbohydrate was
composed mainly of inulin, while the high protein
content emphasized the value as a vital source of
nutrients (Bach et al, 2012). The quantity of ash
assumed importance, as it determined the nutritionally
important minerals. It was seen that JA powder contains
more soluble dietary fiber than insoluble dietary fiber,
which the human body cannot digest in the digestive
tract and not providing energy. It was prebiotic
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properties that were beneficial to the body (Kapusta et
al., 2013; Rubel et al., 2015). The results showed that the
JA powder was a slightly yellow color. Total sugar, total
phenolic compound (TPC) and antioxidant activity by
DPPH of JA powder were 0.92 mg fructose/g sample,
6.58 mg GAE/g sample and 93.74 mg TEAC/g sample,
respectively.

Table 2. Physicochemical composition of JA powder

Chemical composition % wet basis

Moisture 6.71+0.13
Protein 7.58+0.03
Lipid 0.28+0.01
Ash 3.54+0.04
Crude fiber 2.83+0.08
Carbohydrate 79.04+0.15
Total Dietary Fiber 53.11+0.95
Insoluble Dietary Fiber 13.04+0.95
Soluble Dietary Fiber 40.07+0.14
Total sugar (mg Fructose/g) 0.92+0.001
Total phenolic (mg GAE/g) 6.58+0.001
Antioxidant (mg TEAC/g) 93.74+0.93
Color

L* 82.39+0.33
a* 3.43+0.05
b* 13.5440.08

Values are given as mean =+ standard deviation from triplicate
determination.

Carbohydrate (by different) = 100 - moisture content-lipid-
protein - ash - crude fiber

mg GAE/g = mg gallic acid equivalent/g sample

mg TEAC/g = mg trolox equivalent antioxidant capacity/g
sample.

3.2 Quality of glass noodles

This research was focused on the optimizing JA
powder on the quality of glass noodle. There are three
independent variables, 1-3% concentration of JA powder
(X1), the concentration of alginate 1.5-2.5% (X2) and
calcium concentration 1-3% (X3) are shown in Table 1.
The results showed that the appearance of glass noodle
with JA powder was similar to the commercial one but
with a slightly yellowish tint when the concentration of
JA powder increased. The glass noodle with JA powder
was evaluated for physicochemical properties (texture,
color, crude fiber and total sugar).

3.2.1 Textural quality

The textural properties of glass noodle with JA
powder were measured in the texture profile analysis
(TPA) mode by a texture analyzer. The results found that
the hardness of glass noodle with JA powder was 2.19-
7.47 N. The hardness was increased when increasing
calcium concentration. This result was similar to the
research of Lozano-Vazquez, et al. (2015). Increasing
calcium concentration resulted in increased hardness due
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to the cross-linking of the alginate-calcium network
(Lupo et al., 2015). This result was similar to alginate.
The alginate gel formation was emerged from the outer
surface of the beads and slowly diffused of calcium ion
until forming a three-dimensional structure. Figure 1
shows the effect of concentration of alginate, JA powder
and calcium on the hardness of glass noodle. The results
showed that increasing alginate and calcium
concentration resulted in increased hardness (Figure 1c).
When the concentration of JA powder was increased, the
hardness of glass noodle increased (Figure la and b).
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This results revealed that the arrangement was denser
due to cross-linking of alginate and calcium in the three-
dimension network (Chang and Dobashi, 2003).

Cohesiveness is a value that characterizes the
cohesion after the sample pressed twice, which indicates
the bond strength within the product structure (Bourne,
1982). The cohesiveness of glass noodle with JA powder
was about 0.38-0.45. It was found that the cohesiveness
at the same concentration of JA powder and alginate was
not significantly different (p>0.05). It was found that it
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Figure 1. Response surface plots (2D and 3D) of the effects of the concentration of JA powder, alginate and calcium on
hardness. (a) The concentration of JA powder to alginate, (b) The concentration of JA powder to calcium, (¢) The concentration

of alginate to calcium.
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Figure 2. Response surface plots (2D and 3D) of the effects of the concentration of JA powder, alginate and calcium on
cohesiveness. (a) The concentration of JA powder to alginate, (b) The concentration of JA powder to calcium, (c) The

concentration of alginate to calcium.
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was statistically significant (pO 0 . Qi )to the JA
powder as a core which penetrated the wall of alginate
and calcium network structure (Chan et al, 2011).
Figure 2 shows the effect of alginate, JA powder and
calcium on the cohesiveness of glass noodle. It was
found that the concentration of calcium affected the
cohesiveness. When the calcium concentration increased,
the cohesiveness was also higher. However, when the
concentration of JA powder and alginate was reduced,
glass noodle was hard and brittle (Figure 2a). Therefore,
the cohesiveness values were higher (Walter, 1998).
Figure 2b showed the concentration ratio of JA powder
to calcium. It was found that JA powder and calcium did
not affect the cohesiveness because increasing the
concentration of the JA powder and calcium did not
cause the cohesiveness to increase. When the calcium
concentration and the alginate concentration increased,
the cohesiveness increased (Figure 2c) because it is
related to the internal strength of the bond if the more
cross-linking network will increase the bond between
alginate and calcium.

Figure 3 shows that when the concentration of JA
powder, alginate and calcium increased, the gumminess
is also increased. So it required more force to make the
sample suitable for swallowing. The gumminess is the
denseness that persists throughout mastication or the
energy requires to disintegrate a semisolid food to a state
ready for swallowing (Bourne, 1982).

The springiness of glass noodle with JA powder was
no statistically significant difference (p>0.05). The
concentration of JA powder and alginate increased, the
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springiness of glass noodle increased (Figure 4a). The
research has confirmed that JA powder as a core which
penetrated the pores of alginate and calcium network
structure resulting in greater springiness (Funami et al.,
2009; Chan et al., 2011). The concentration of JA
powder and calcium did not affect springiness (Figure
4b). Increased alginate and calcium concentrations
resulted in increased springiness (Figure 4c) due to cross
-linking as a dense structure.

3.2.2 Color quality

For the color value, it was found that the lightness
color (L*) of glass noodle decreased when the
concentration of JA powder increased. The yellow value
(b*) increased when the concentration of JA powder
increased. The concentration of alginate and calcium did
not affect the lightness but has an effect on yellowness
because it has the effect to maintain JA powder as a core
material. The effect of the concentration of JA powder,
alginate and calcium on the lightness (L*) were shown in
Figure 5. It was found that decreasing JA powder,
alginate and calcium concentrations (Figure 5a and b)
resulted in increased lightness. Figure S5c found that
increasing calcium concentration resulted in increased
lightness but increasing alginate concentration, it did not
affect the lightness of glass noodle. On the other hand,
when the concentration of JA powder, alginate and
calcium increased, it resulted in increased the yellow
values of the glass noodle (Figure 6). Because alginate
can produce good gel and create a more reticular
structure with calcium, resulting in the retention of active
compound (JA powder) as a core material (Packer et al.,
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Figure 3. Response surface plots (2D and 3D) of the effects of the concentration of JA powder, alginate and calcium on
gumminess. (a) The concentration of JA powder to alginate, (b) The concentration of JA powder to calcium, (c¢) The

concentration of alginate to calcium.
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1999).
3.2.3 Crude fiber and total sugar

The effect of various factors is the concentration of
JA powder, alginate and calcium on the fiber and sugar
content were studied as shown in Figure 7 and 8.
Increasing the concentration of JA powder resulted in
increased fiber content (Figure 7). Due to the increased
in the amount of active compounds needed to be
collected the fiber content contained in JA powder as a
core material was also increased. In addition, increasing
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alginate and calcium concentration resulted in increased
the structure of the gel and presented the cross-linking of
alginate and calcium resulting in a three-dimensional
structure, which can store more active compounds (JA
powder) (Bartolo et al., 2013; Zeeb et al., 2015).

Figure 8a showed that when the ratio between the JA
powder and alginate increased, it resulted in increased
total sugar. Alginate acts as a wall material which
reduces the loss of active compounds and helps control
the release of active compounds (Gharsallaoui et al.,
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2007). When the concentration of JA powder and
calcium increased, it resulted in the increased of total
sugar (Figure 8b). The concentration of alginate and
calcium increased, it resulted in increased in the total
sugar (Figure 8c).

3.2.4 Optimization

From the statistical analysis with the Design-expert
6.0.10 software to find the optimum condition, it was
found that 3% concentration of JA powder, 2% alginate
concentration and 3% calcium concentration provided
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the suitable glass noodle with JA powder. This glass
noodle gave the good quality of hardness, cohesiveness,
springiness and gumminess including the high amount of
crude fiber and total sugar.

3.3 Microstructure

The optimum condition using 2% alginate
concentration, 3% calcium concentration and 3% of JA
powder gave the good quality of glass noodle. After that,
the samples were dried using freeze-drying before being
studied for structural analysis compared with the normal

© 2020 The Authors. Published by Rynnye Lyan Resources



Total sugar

200_]

Total sugar

B Adrae

1.75

C: Calcium

1.50 175 2.00 225 2.50

B: Alginate

Singthong and Thongkaew. / Food Research 4 (Suppl. 4) (2020) 17 - 26

Total sugar

2.50 -

s
W I e e eSS
RIS
Lt Nt e e S
5 KSR RIS

2.00_|

Total sugar
~
@

C: Calcumm

T T
1.00 1.50 200 250 3

C:Calcium 150

() ot
Bl
N
300 '

250
200
50
ATJA
1.00 ~1.00

Total sugar

Figure 8. Response surface plots (2D and 3D) of the effects of the concentration of JA powder, alginate and calcium on total
sugar content. (a) The concentration of JA powder to alginate, (b) The concentration of JA powder to calcium, (c) The
concentration of alginate to calcium.

W

Figure 9. Electron microscope photography of glass noodle. (a) Glass noodle (control) 15KV x35, (b) Glass

ApAA13

547

noodle (control)

15KV x50, (c) Glass noodle with JA powder 15KV x35, (d) Glass noodle with JA powder 15KV x50

one without JA powder (control) using scanning electron
microscopy (SEM). The results showed that the glass
noodle was porous which caused by cross-linking of the
alginate gel (Figure 9). When comparing the control and
glass noodle with JA powder, it was found that the
control displayed with large pores (Figure 9a and b),
while the glass noodle with JA powder, the pores that
were smaller than the control (Figure 9c¢ and d).
Therefore, adding the JA powder to the glass noodle
resulted in decreased a large porosity and more small
porosities (Chan et al., 2011).

4. Conclusion

JA powder was a high content of dietary fiber and
antioxidant. The optimum condition of glass noodle with
JA powder was 3% of JA powder, 2% alginate and 3%
calcium concentrations. The glass noodle showed the
good quality of the hardness, cohesiveness, springiness
and gumminess, including high amount of crude fiber.
Glass noodle with JA powder was small porous
structure. Therefore, improving the glass noodle to have
higher nutritional value by using the JA powder makes

eISSN: 2550-2166

healthy food and more choices for consumers.
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