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Abstract The present study was conducted out to develop
nutritionally enriched noodles by supplementing wheat
flour with mushroom and chickpea starch at different con-
centrations and its effect on physico-chemical, bioactive,
cooking, microbial and sensory properties, morphological
and textural properties has been investigated. The prepared
noodles contained high levels of protein, and low levels of
carbohydrate, energy with the incorporation of mushroom
flour and chickpea starch concentration. The lightness (L*)
(71.79-53.84) decreased and yellowness (b*) (19.33-31.36)
and redness (a*) (1.91-5.35) increased with the incorpora-
tion of mushroom flour and chickpea starch. The optimum
cooking time decreased while as the water absorption capac-
ity and cooking loss increased with increase in mushroom
flour and chickpea starch concentration. The microstructure
study and textural properties depicted the clear picture of
protein network, with smooth outer surface, and the decrease
in hardness with increased concentration of mushroom flour
and chickpea starch. XRD and DSC results revealed that the
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prepared noodles contained more complete crystallites and
high fraction of crystalline region and the linear increase
in the gelatinization temperature with increase in compos-
ite flour concentration. The microbial analysis of noodles
showed the decrease in microbial growth with the incorpora-
tion of composite flour.
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Abbreviations

PEM Protein efficiency malnutrition
DSC Differential scanning calorimetry
SEM Scanning electron microscopy
XRD X-ray diffraction

Introduction

Mushroom is considered the functional food as it is low
in fat and calories but rich source of protein and dietary
fibers. Button mushroom (Agaricus bisporus) is widely
produced and consumed throughout world, with a high
nutritional content in various forms, and it accounts for
roughly 40% of total global mushroom production (Ghah-
remani-Majd and Dashti 2015). The button mushroom
is more popular among consumers, commands higher
prices, but have higher nutritional value. Mushrooms are
the most expensive vegetable not because of their nutri-
tional content, but due its distinct aroma and flavour.
Fresh mushrooms have an approximate moisture percent-
age of 85-95%, 3% protein, 4% carbohydrate, 0.3-0.4%
fat, and 1% minerals and vitamins (Kumar et al. 2013).
As mushrooms are highly perishable, the fresh fruiting
bodies are subjected to various processing operations to
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increase their shelf life (Monika and Karuna 2018). Dry-
ing of mushrooms is carried out to eliminate free water
in order to decrease the biochemical and microbiological
activities attributed to reduced water activity.

Chickpea (Cicer arietinum) is a major legume due to
its high economic importance and a major source of pro-
teins and carbohydrates in the diets of people in India,
Afghanistan, Turkey and Pakistan (Kaur and Singh 2005).
After isolating proteins from beans, the starch is com-
monly neglected as a by-product. Starch is the most abun-
dant carbohydrate present in chickpea and is considered
to be competitive in food industries (Goni and Valentin-
Gamazo 2003). It is due to higher amylose (30%) content
present, which confer poor functional properties when
compared with cereal starches and makes it beneficial for
the utilization of diabetic foods (Anderson and Guraya
2006). Chickpea starch has been characterized by high
solubility, water binding capacity, and low swelling power
and pasting properties (Jagannadham et al. 2017).

Noodle can be used as food replacement of the staple
food. It is mostly utilized for breakfast or side-dishes.
The world consumption of noodles is second only to
bread. Instant noodles are the utmost popular conveni-
ence food but are mostly under speculation for its nutri-
tional profile and impact on human health. Amalgama-
tion of chickpea starch and button mushroom powder in
formulation of noodles and cookies will increase their
protein content (Bindvi and Mridula 2014), and will
impart desirable functional properties, modify texture,
consistence, digestibility, and functionality (Ward et al.
2008). The practical applications of protein-rich ready-to-
cook instant noodles are developed to meet the growing
needs of families (Arora et al. 2018). Recent studies have
evaluated the effect of mushroom powder on nutritional
properties of developed noodles mostly but did not focus
on the thermal, microstructural, textural characterization
of mushroom developed products. Thus, the prime aim
of the current study was to assess the effect of incorpora-
tion of button mushroom flour and chickpea starch on
physico-chemical, bioactive, cooking, sensory properties,
morphological, thermal and textural attributes of noodles.

Materials and methods
Procurement of raw material
Wheat flour, chickpea and salt were purchased from local

market of Jammu, J&K, India and were used without any
modifications.
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Mushroom powder

Button mushroom (Agaricus bisporus) were selected,
washed, and cut into thin slices. The sample was incor-
porated with 20% Soy protein isolate by adding 25 ml
distilled to make it paste for proper mixing and dried
freeze dryer. In freeze dryer, mushroom slices were fro-
zen in a conventional freezer, and kept in a freeze-drier for
38 h at a temperature — 80 °C, and a pressure of 5 mTorr
(0.666 Pa) till constant weight was attained followed by
grinding using grinder. Freeze drying was done to reduce
the heat damage to prepared mushroom samples than other
drying methods.

Extraction of chickpea starch

The chickpea seeds were steeped overnight at 20 °C in
deionized water with 0.2% sodium hydrogen sulphite and
testa was physically removed thereafter. A mixture or
blender was used to grind the decorticated grains. After that,
the powdered slurry was filtered using100-mesh sieve before
being centrifuged at 2000 rpm for 10 min. Using distilled
water, the sediment was completely cleaned. The washing
procedure was continued until the starch became colourless
and the supernatant had become clear. The starch was then
collected and dried in a 40 °C oven for 12 h.

Noodle processing

Noodle dough was prepared by thoroughly blending all
ingredients: wheat flour, mushroom powder, chickpea starch,
and salt (2.5%) in a Kent noodle & pasta maker (Model no.
16009 from Kent RO System Ltd. (India)) and adding water
to form dough up to the cleanup step. After that, the dough
was covered and left for around 30 min to achieve equilib-
rium and consistent hydration. To enhance flexibility and
elasticity, the dough (100 g) was sheeted 10 times manu-
ally. The noodle-making machine was then used to prepare
the noodles. Each strand of noodle was 1.5X 1.5 mm wide
(thickness X width). The collected noodles were cooked in a
steamer for 5 min before drying. The noodles were dried at
105 °C in a hot air oven for 10 min. After that, the samples
were placed in LDPE plastic bags.

Physico-chemical properties of noodles

The AOAC (2012) technique was used to determine the
moisture content, crude protein content, fat content, ash
content, total carbohydrate content, and energy content of
noodle samples.
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Water activity (a,,)

The sample was filled (3/4th) in a cup of water activity meter
(Aqua lab Pre, Decagon Device, USA). Water activity meter
was calibrated as per the instruction given in manual cali-
bration. The sample was kept in a cup till constant reading
was obtained.

Hunter colour value

Colour was measured in terms of L*, a*, and b* values,
with L* denoting lightness/whiteness, a* denoting redness/
greenness, and b* denoting yellowness/blueness. A typical
black tile was used to calibrate the device, followed by a
white tile. The L*, a*, and b* readings were recorded using
a sample handling plate filled with dried powder and placed
on the analyzing port.

Cooking properties of developed noodles
Cooking loss

The amount of solids lost in cooking water was used to com-
pute sample cooking loss. In the beaker, 10 g of sample
was added in 300 ml boiling water. The cooking water was
then collected in an aluminium dish and dried in the oven
at 105 °C. The residue was weighed and calculated as a
percentage of initial material. The following formula (Eq. 1)
was used to compute the cooking loss.

Dried residue i ki t
ried residue in cooking water _ .

ey

Cooking Loss (% ) =

Noodle weight before cooking

Water absorption capacity

The water absorption capacity was evaluated according to
the AOAC (2012) technique. The weight of cooked noodle
samples was divided by the weight of noodle samples before
cooking to measure water absorption. The water absorption
was evaluated using Eq. (2).

weight of cooked noodle — weight of raw noodle

X 100
weight of raw noodle

@

Water absorption% =

Cooking time

The cooking time was computed using the AOAC (2012)
technique. The disappearance of the opaque centre during
the cooking of noodle samples in water was used to estimate
the cooking time. The sample (5 g) was mixed with 75 mL

distilled water in a beaker. Every 30 s, noodle strands were
pressed between two glass plates. The optimal cooking time
was evaluated when the white bubble response of the cooked
noodle samples subsided,

Sensory evaluation

The sensory evaluation of different noodle samples was con-
ducted using 9-point hedonic scale.

Bioactive properties of developed noodles
Total phenolic content

The total phenolic content was determined Folin-Ciocalteu
technique following the method suggested by Wani and
Basir (2018). The gallic acid standard curve was used to
calculate TPC, and the findings were expressed as mg of
gallic acid equivalents (GAE) per gram of dry weight.

DPPH radical scavenging activity

The DPPH radical scavenging activity was measured using
method given by Wani and Basir (2018), with few altera-
tions. The extract (0.2 mL) was combined with a DPPH
solution (3.8 mL) (0.1 mM DPPH in methanol). The pre-
pared mixture was left to incubate for 30 min in the dark at
room temperature. In a UV-visible spectrophotometer, the
sample’s absorbance was measured at 517 nm after incuba-
tion. The radical scavenging activity of DPPH was calcu-
lated using the formula stated in Eq. (3).

¢

% D PPH Radical Scavenging Activity =

x 100 (3)

c

where Ac represented absorbance of the control, A is the
absorbance of sample.

IC;, value (Concentration of sample extract neces-
sary to inhibit 50% DPPH activity) was obtained from the
graph plotted between each concentration and percentage
inhibition.

Reducing power activity assay

The reducing power activity assay of samples was evaluated
by a technique mentioned by Wani and Basir (2018), for cal-
culating the reducing powder. The standard curve was plot-
ted using various amounts of ascorbic acid. g ascorbic acid
per g dry weight was used to represent the reducing powder.
The reducing powder was represented by pg ascorbic acid
per g dry weight.
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Texture profile analysis

The noodle sample (30 g) was cooked in 300 ml boiling
water for 8 min, then cooled for 30 s before being held for
2 min to drain the excess water. To examine texture profiles,
50 mm long and 1.5 mm thick noodles were made using a
texture analyzer (TA HD-plus, Stable Micro Systems Ltd.,
Surrey, UK). A cylindrical probe (T/36R) with a diameter
of 36 mm was used. The test settings were 1 mm/s pre-test
speed, 5 mm/s post-test speed, 1 mm/s test speed, 20 g trig-
ger force, and 80% strain. The parameters investigated were
adhesiveness, hardness, springiness, cohesiveness, chewi-
ness, and gumminess (Kang et al. 2017).

Differential scanning calorimetry

The thermal properties of the sample were examined using
a Differential Scanning Calorimeter (DSC-7, PerkinElmer,
Norwalk, CT) as given by Gonzélez et al. (2007), with a few
modifications. In an aluminum pan, 2 g of sample was meas-
ured, then distilled water was added with a Hamilton micro
syringe to generate a 70% water aqueous suspension, which
was sealed and equilibrated for 1 h at ambient temperature
before analysis. The gadget was calibrated using indium,
with an empty aluminum pan serving as a reference. The
sample pans were then heated at a rate of 10 °C/min from 20
to 160 °C. The gelatinization enthalpy (H), onset (T,), peak
(Ty), and conclusion temperature (T,) were evaluated from
the obtained data.

Scanning electron microscopy (SEM)

The dry noodle samples were cross-split with a sharp blade,
then placed on colloidal graphite specimen holders, sputter-
coated with gold, and observed at a magnification of 500
using a scanning electron microscope (Model: JSM7610F-
plus by Jeol). The number and size of pores in the experi-
mental and control samples were analysed. The SEM images

were processed using the MATLAB 7.0 image analysis pro-
gramme (MathWorks, USA).

Structural characterization by X-ray diffraction

The XRD patterns of noodles were created using an X-ray
diffractometer (Panalytical, The Netherlands) equipped with
Cu-K radiation at a wavelength of 1.5406 A. Measurements
were taken at room temperature with a step size of 0.016°, a
scanning rate of 20 s per step, and a diffraction angle range
of 10-100° (2—6°), where 0O represents the angle of inci-
dence of the X-ray beam on the sample. The diffraction pat-
terns were examined using EVA software.

Statistical analysis

All samples were made in pairs and tested at different car-
rier agent concentrations. The results were presented using
means and standard deviations. The significant differences
between the samples were investigated using one way post-
hoc ANOVA test at 5% level of significance. All statistical
analyses were carried out using SPSS software.

Results and discussion
Physico-chemical properties of developed noodles

The moisture content, crude protein content, fat content,
ash content, total carbohydrate content, and energy content
of noodle samples are presented in Table 1. However, the
energy content decreased from treatment Tc to treatment of
T2 having value of 381.13 to 379.07 kcal/100 g, while as
the total energy content was increased in treatment T3 and
treatment T4 having value of 379.95 and 380.32 kcal/100 g
respectively. The results, however, revealed that the varia-
tion in energy content between formulations was not statis-
tically significant (p > 0.05). Same trend was also observed
by Parvin et al. (2020). As the energy value depends on

Table 1 Physico-chemical properties of button mushroom powder and chickpea starch-based noodles

Treatments Moisture content (%) Crude Fat content (%) Crude Pro- Ash content (%) Carbohydrate Energy content Water activity
(WF:BMP:CS) tein content content (%)  (Kcal/100 g)
(%)

Tc (100:0:0)  5.27+0.212 0.93+0.02 9.97+0.18* 0.61+0.02° 83.22+0.01* 381.13+0.89° 0.449 +0.006
T1(90:5:5)  4.91+0.06° 0.87+0.05° 14.36+0.23° 0.98+0.02° 78.88+0.25° 380.79+0.43" 0.428+0.006
T2 (80:10:10) 4.33+0.20° 0.63+0.02° 16.58+0.26° 1.69+0.04¢ 76.77+0.13¢ 379.07+0.75* 0.401+0.006°
T3 (70:15:15) 3.83+0.07¢ 0.55+0.02¢ 19.36+0.31¢ 1.87+0.03¢ 74.39+0.29¢ 379.95+0.30* 0.381+0.008¢
T4 (60:20:20) 3.58 +0.06° 0.48 +0.04° 21434028 1.94+0.02° 72.57+0.28° 380.32+0.36™ 0.373+0.003¢

WF Wheat flour, BMP Button Mushroom powder, CS Chickpea starch

Different letters in the same column indicate statistical significance differences (p <0.05)
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crude fat and crude protein content which are decreasing
with the incorporation of mushroom flour in macaroni, thus
areduction in energy value was found (Chauhan et al. 2017).
However, Torres et al. (2007) showed that spaghetti enriched
with germinated pigeon pea flour depicted an increase in
the calorific value when compared to the control spaghetti
(320 kcal/100 g).

Water activity

The data pertaining to the water activity of button mush-
room powder and chickpea starch based noodles in Table 1
showed that water activity varied significantly (p <0.05)
with treatments. The higher water activity of 0.449 was
observed in treatment Tc and the lower water activity of
0.373 was observed in treatment T4. Similar trend was also
observed by Vadukapuram et al. (2014) in flaxseed fortified
extruded snacks using pinto and navy corn.

Colour profile

Colour is an important parameter affecting the consumer
acceptability of the foods. The colour values of button
mushroom powder and chickpea starch-based noodles was
measured in terms of Hunter L* (lightness), a* (redness)
and b* (yellowness). Table 2 depicted the impact of treat-
ments on L*, a* and b* values on button mushroom pow-
der and chickpea starch-based noodles. The L* value of the
noodles decreased while as the a* and b* values increased
significantly (p <0.05) with the incorporation of mushroom
powder and chickpea starch. The highest L* value of 71.79
was observed in treatment Tc and the lowest L* value of
53.84 was observed in treatment T4. While as the lowest
a* and b* values of 1.91 and 19.33 was recorded in treat-
ment Tc respectively, and the highest a* and b* values of
5.35 and 31.36 was observed in treatment T4 respectively.
Same trend was also obtained by Nordiana et al. (2019) who
observed that the incorporation of mushroom flour into the
developed pasta resulted in low L* values as compared to

control sample, the lightness of the pasta was found between
44.28 to0 52.60 L* values whereas the control pasta had L*
value of 56.08. Oliver et al. (1993) also observed that the
fortification of pasta with mushroom resulted in a decreased
brightness (L* value) of uncooked pasta, may be due to the
high moisture of mushroom and ash content of semolina.

While as, an increased a* values were found in spaghetti
fortified with durum wheat (Aravind et al. 2012). Chau-
han et al. (2017) also observed the similar pattern with an
increase in a* and b* values in pasta developed from button
mushroom and durum wheat semolina.

Cooking properties of developed noodles
Cooking loss

Cooking loss measures the weight of the total solid lost in
cooking water. Table 2 showed the impact of treatments
on cooking loss of button mushroom powder and chickpea
starch-based noodles. With increase in mushroom pow-
der and chickpea starch concentration, the cooking loss
increased significantly (p <0.05). The lowest cooking loss
of 4.19% was recorded in treatment Tc and the highest cook-
ing loss of 5.24% was observed in treatment T4. Cooking
loss might be caused by a poor protein-starch interaction
or a broken protein matrix between mushroom protein and
wheat flour. Cooking loss was also enhanced in noodle
supplemented with pea flour and defatted soy flour (Kaur
et al. 2013). As the mushroom quantity increased, cooking
losses can also be increased, which can be attributed to the
mushroom’s weak protein network (Chauhan et al. 2017).
The major source of cooking loss in noodles can be due to
the solubilization of weakly bound gelatinized starch on the
noodle surface (Sung and Stone 2004).

Water absorption capacity

The impact of treatments on water absorption capacity
of button mushroom powder and chickpea starch-based

Table 2 Colour, Cooking, Sensory and microbial properties of button mushroom powder and chickpea starch-based noodles

Treatments L* a* b* Cooking loss ~ Water absorp- ~ Cooking time Overall Microbial
(WE:BMP:CS) (%) tion capacity (minutes) acceptability  evaluation
(%) (x10° c.fulg)
Te (100:0:0) 71.79+0.49* 1.91+0.07* 19.33+0.29*° 4.19+0.03*  103.66+0.40° 7.32+0.11*  8.02+0.50*  0.42+0.06*
T1 (90:5:5) 69.58+0.40° 3.49+0.06° 25.41+037" 432+0.14>  114.54+0.44° 6564026  7.78+0.61*°  0.40+0.08"
T2 (80:10:10)  61.34+0.75° 3.85+0.15° 28.03+0.45° 4.73+0.07°  125.89+0.51° 527+0.17° 825+0.37*  0.37+0.01°
T3 (70:15:15)  59.52+0.34Y 4.76+0.15¢ 30.82+0.119 491+0.07¢  13591+0.44% 4.69+0279  7.64+0.64*°  0.34+0.01¢
T4 (60:20:20)  53.84+0.20° 5.35+0.25° 31.36+0.71¢ 524+0.11°  152.69+0.478 435+020° 6.56+0.26°  0.32+0.01°

WF Wheat flour, BMP Button Mushroom powder, CS Chickpea starch

Different letters in the same column indicate statistical significance differences (p <0.05)
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noodles is shown in Table 2. The data depicted that the water
absorption capacity of noodles was significantly increased
(p <0.05) with increase in mushroom powder and chickpea
starch. The lowest water absorption capacity of 103.66%
was recorded in treatment Tc and the highest water absorp-
tion capacity of 152.69% was observed in treatment T4. The
incorporation of mushroom powder to wheat flour enhanced
the water absorption of the noodles, according to Parvin
et al. (2020). This increase might be ascribed to the enriched
fiber’s increased capacity for water absorption and retention
in the starch protein-polysaccharide network, causing the
starch granules to enlarge. Similarly, Arora et al. (2018) dis-
covered that adding mushroom powder to noodles improved
their water absorption while cooking.

Cooking time

The effect of treatments on the cooking time of button mush-
room powder and chickpea starch based noodles is depicted
in Table 2. Cooking time was recorded to be greatly reduced
as mushroom powder and chickpea starch concentrations
were increased. Treatment Tc had the longest cooking time
of 7.32 min and treatment T4 had the shortest cooking time
of 4.35 min. The decrease in cooking time with the addition
in mushroom flour concentration was also reported in pre-
vious studies (Wahyono and Bakri 2018). The decrease in
cooking time with incorporation of mushroom flour might
be due to the fact that adding mushroom flour lowered the
quantity of gelatinized starch, possibly resulting in a loss of
protein-starch network stability (Nordiana et al. 2019).

Sensory evaluation

Table 2 depicted the impact of treatments on overall accept-
ability of button mushroom powder and chickpea starch-
based noodles. The higher overall acceptability score of
8.25 was observed in treatment T2. The variation on over-
all acceptability score of prepared noodles might be due
to colour, texture and taste associated with the mushroom
flour and chickpea starch. Same trend was also observed by
Nordiana et al. (2019) who prepared pasta using mushroom
flour. It was also revealed that certain attributes, like taste
and overall acceptability, the mean scores of the noodles of
treatment T2 were high as compared to the control sample.

Bioactive properties of developed noodles of noodles
Total phenolic content

The Table 3 depicted the impact of treatments on button
mushroom powder and chickpea starch-based noodles. The

lower total phenolic content of 14.56 mg GAE/100 g was
recorded in treatment Tc and the highest total phenolic

@ Springer

Table 3 Bioactive properties of button mushroom powder and chick-
pea starch-based noodles

Treatments Total phenol DPPH scaveng- Reducing power
(WF:BMP:CS) content (mg ing activity (ECsp; mg/ml)
GAE/g) (IC5y; mg/ml)

Tc (100:0:0) 14.56+0.15* 0.45+0.09* 3.49+0.08*

T1 (90:5:5) 15.88+0.22°  0.38+0.02° 3.27+0.05°
T2 (80:10:10)  16.01+0.28"  0.28+0.02° 3.01+0.05°

T3 (70:15:15)  16.26+0.29"  0.21+0.03¢ 2.94+0.02¢

T4 (60:20:20)  17.45+0.08¢ 0.13+0.03° 2.12+0.11°

WF Wheat flour, BMP Button Mushroom powder, CS Chickpea
starch

Different letters in the same column indicate statistical significance
differences (p <0.05)

content of 17.45 GAE/100 g was observed in treatment T4.
It was depicted that the total phenolic content was increased
with increase in mushroom powder and chickpea starch.
The decrease in total phenolic content with decrease in
mushroom flour concentration in meat analog nuggets was
observed by Bashir (2019). The increase in the phenol con-
tent of macroni with the increased mushroom concentration
was also reported by Chauhan et al. (2017). Phenols are the
major compounds in fresh mushroom which protects from
free radicals which cause oxidative stress.

Antioxidant activity

Antioxidants are vital components possessing the ability to
scavenge free radicals which can cause several degenera-
tive diseases. The antioxidant activity of button mushroom
powder and chickpea starch based noodles was measured in
terms of DPPH scavenging activity and reducing power and
were expressed in terms of ICs, (mg/ml) and ECs, (mg/ml)
respectively. The lower values of ICs, and ECs, depicted
higher DPPH scavenging activity and reducing power
respectively. The data pertaining to the DPPH scavenging
activity of noodles in Table 3 showed that the treatments
had a significant impact on DPPH scavenging activity. The
noodles prepared with higher concentration of mushroom
depicted least ICs,, value for DPPH scavenging activity and
consequently higher antioxidant activity as compared to the
noodles prepared with wheat flour. The lowest ICs,, value of
0.13 mg/ml was recorded in treatment T4 while as the high-
est IC;, value of 0.45 was observed in treatment Tc. Also,
the perusal data in Table 3 depicted that the reducing power
of noodles varied significantly (p <0.05) with treatments.
Similarly, the noodles prepared with higher concentration
of mushroom exhibited least ECs, value for DPPH scav-
enging activity and consequently higher antioxidant activ-
ity as compared to the noodles prepared with wheat flour.
As depicted in Table 3, the lowest ECs,, value of 2.12 mg/
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ml was recorded in treatment T4 while as the highest ECy,
value of 3.49 was observed in treatment Tc. Antioxidant
activity was increased with the incorporation of mushroom
flour in noodles. This may be due to the inherent antioxidant
components of mushrooms (Arora et al. 2018). The increase
in antioxidant activity of macroni (pasta) with the increased
mushroom concentration was also reported in previous stud-
ies (Oszmianski and Wojdyto 2009).

Texture profile analysis

The textural properties of noodles made from wheat flour,
mushroom powder, and chickpea starch are depicted in
Table 4. The wheat flour control sample had higher val-
ues for the majority of the textural attributes, indicating
a clear trend. The hardness value, which represents the
force required to chew through the mass of the noodle,
was revealed to range between 3608.267 and 9050.2 g.
The noodles made from wheat flour had a hardness value
of 9050.2 g. The primary factor governing the hardness in
wheat based noodles was the strength of the gluten network.
As the concentration of mushroom powder and chickpea
starch was increased, the hardness values of the noodles
were decreased significantly (p <0.05). The drop in hard-
ness value might be due to the decrease in the strength of
the gluten network of the mushroom powder and chickpea
starch substituted noodle. The area under the force—time
curve following the first compression was considered to
evaluate adhesiveness. The higher viscosity of chickpea
starch in comparison to wheat flour could be attributed to
the strong adhesiveness of the noodle sample containing
mixture of wheat flour, mushroom powder, and chickpea
starch. The springiness continued in reduction in accord-
ance with increased substitution levels of mushroom powder
and chickpea starch. Following the hardness trend, gummi-
ness and chewiness decreased, while mushroom powder and
chickpea starch concentrations increased. This trend might
be attributed to higher cooking loss values. The indicators
of cohesion and springiness of mushroom powder and chick-
pea starch integrated noodles were significantly different

Table 5 Differential scanning calorimetry of wheat flour, mushroom
powder, and chickpea starch-based noodles

Treatments Onset Conclusion Peak tem- Enthalpy of

(WF:BMP:CS) tempera- temperature perature  gelatiniza-
ture To Tc Tp tion AHg J/g

Te (100:0:0) 61.69 66.63 74.91 9.34

T1 (90:5:5) 65.73 70.20 77.74 11.78

T2 (80:10:10)  68.77 73.87 81.55 12.22

T3 (70:15:15)  71.81 76.93 85.35 13.66

T4 (60:20:20)  73.87 71.57 88.07 15.96

(p <0.05) from the control. Cohesiveness and springiness
were characteristics that evaluated how well the sample
remained or hold together after cooking. In this case, the
cohesiveness and springiness of the mushroom powder and
chickpea starch incorporated noodles were low than in the
control sample. dos Reis Correia et al. (2017) also reported
the decrease in the textural parameters with the incorpora-
tion of mushroom powder in pasta. It was reported that the
reduction of textural parameters such as adhesiveness sticki-
ness and firmness can be due to the presence of fibre content
in mushroom powder which may disrupt the protein-starch
matrix of pasta (dos Reis Correia et al. 2017). It was also
observed that the fortification of extruded snack products
with chestnut mushrooms results in decrease in hardness
with increase in mushroom powder levels (Brennan et al.
2012). The supplementation of semolina with mushrooms
can decrease the hardness, as the hardness and stickiness are
related to the percentage of starch and starch gelatinization
(Chauhan et al. 2017).

Gelatinization behaviour of noodles by differential
scanning calorimetry

The differential scanning calorimetry study in five differ-
ent types of noodles indicated a change in the heat flow
rate to the sample when subjected to temperature altera-
tion. The thermal transitions of various noodles prepared
from wheat flour, mushroom powder, and chickpea starch

Table 4 Textural properties of wheat flour, mushroom powder and chickpea starch-based noodles

Treatments Hardness (g) Adhesiveness (g sec)  Springiness Cohesiveness Gumminess Chewiness Resilience
(WE:BMP:CS)

Tc (100:0:0) 9050.200+12.239*  —41.567 +1.794° 0.590+0.023° 0.687+0.017* 6217.487 +37.627° 3668.318 +28.614* 0.338+0.013*
T1 (90:5:5) 7795.062+11.471°  —54.096+2.681° 0.520+0.019° 0.547 +0.031° 4263.899 + 18.835" 2217.227 +14.719° 0.309 +0.007°
T2 (80:10:10) 5905.504+18.575°  —67.563+1.917° 0.460+0.014¢ 0.492+0.018¢ 2905.508 +24.691° 1336.534 + 12.925¢ 0.284+0.017¢
T3 (70:15:15) 4837.935+9.701¢ —75.924+1.825¢ 0.410+0.027¢ 0.453+0.015¢ 2191.585+13.572¢ 898.550 +8.495¢ 0.261+0.015¢
T4 (60:20:20) 3608.267 +6.829° —89.559+2.572° 0.380+0.011¢ 0.418 +0.024¢ 1508.256 +21.849° 573.137 £5.826° 0.239+0.012¢

WF Wheat flour, BMP Button Mushroom powder, CS Chickpea starch
Different letters in the same column indicate statistical significance differences (p <0.05)
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Fig. 1 Scanning electron microscopy of button mushroom noodles
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== Optimized Noodle
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Fig. 2 X-ray Diffraction of wheat flour, mushroom powder, and
chickpea starch based noodles
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Treatment 3 (c)

indicated a single endotherms peak in the temperature range
of 40-160 °C (Table 5). As compared to mushroom powder
and chickpea starch integrated noodles, the control sample
made from wheat flour had low gelatinization peak tempera-
ture. With increase in concentration of mushroom powder
and chickpea starch, the onset gelatinization temperature
was progressively increased from 61.69 to 73.87 °C. The
conclusion gelatinization temperature for the five different
samples was raised from 74.91 to 88.07 °C. The increase
of gelatinization temperature was directly proportional to
change in mushroom powder, and chickpea starch percent
in the noodle formulation. The gelatinization peak tempera-
ture was enhanced in the presence of mushroom powder
and chickpea starch. The results depicted that increasing
the quantity of chickpea starch in the flour decreased its
water activity, causing gelatinization and hardening of the
flour. The incorporation of mushroom powder and chickpea
starch to the finished product may change its arrangement
and crystallinity which ultimately affected the gelatinization
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Table 6 X-ray Diffraction of

Sample 20, deg 6, deg 0, rad Cos(0), rad FWHM, rad Beta, rad D, rad
wheat flour, mushroom powder,
and chickpea starch-based Control 20.160 10080  0.176  0.985 8.902 0.155 0.906
noodles Optimized 20207  10.104  0.176  0.984 8.451 0.148 0.955

temperature in different formulations. It was observed that a
sample containing 20% mushroom powder and 20% chick-
pea starch required high melting temperatures, resulting in a
more stable product during heating. This suggested that this
product (T4) had a higher crystalline order than the other
four samples. The noodle with mushroom powder and chick-
pea starch showed greater enthalpy values than the control
sample. The wheat flour-based noodle had an enthalpy value
of 9.34 J/g starch. Lower AHg values in the control sample
suggested that less endothermic energy was consumed to
complete the gelatinisation transition. Lu et al. (2018) also
observed that increasing mushroom powder can increase AH
values of mushroom-enriched pasta as compared to control
semolina pasta. Similarly, Ismail et al. (2021) observed that
the noodle sample can form well-defined endothermic peak
ranging from 101.25 to 115.91 °C reflecting the overall
gelatinization event.

Scanning electron microscopy (SEM)

Scanning electron microscopy of the control and button
mushroom flour and chickpea starch incorporated noodles
are depicted in Fig. 1a, b, c. All the micrographs reveal the
effect of the inclusion of pea starch powder on the mor-
phological changes during noodle preparation. The uni-
form pattern could be seen in the surface microstructure
with the amalgamation of starch granules with numerous
small cavities resulting in the formation of porous struc-
ture. The micrograph reveals the presence of smooth surface
with huge mass of protein -starch matrix. The intermixing
of starch granules with gluten network might have resulted
in the development of compact structural orientation. The
clear picture of protein network with smooth outer surface
was also observed by Chauhan et al. (2017). However, the
micrographs in Fig. 1b reflect the presence of much frac-
tured surface microstructure as compared to control sample
Fig. 1a with much bigger cavities with the incorporation of
chickpea starch flour. The micrograph reveals the presence
of more disintegrated starch protein network. The disinte-
grated structural orientation may be responsible for more
crisp textural attributes of the noodles. The similar pattern
of well-formed starch-protein matrix of bread crumb having
strong and complex connection in all the components, with
some few cavities was also observed by Lu et al. (2021).

In the micrograph Fig. 1c, it can be seen that with increas-
ing concentration of mushroom powder and chickpea starch
flour there is development of more compact and uniform

structural orientation with big cavity surrounded by two
smaller cavities with no prominent disintegration of the
chick pea starch and mushroom protein network. This may
be due to the increase in the level of chickpea starch concen-
tration imparting strong network formation attributed to the
high binding property of chick pea starch resulting in the for-
mation of uniform appearance of the surface microstructure
of the noodles prepared from fortified from mushroom and
chick pea starch. The similar findings were also supported
by Cleary and Brennan (2006).

Structural characterization by X-ray diffraction

The diffractogram of both control and optimized noodle
samples are shown in Fig. 2. Table 6 summarizes the find-
ings of X-ray diffraction analysis of control sample and
optimized noodles made from wheat flour (60%), mush-
room powder (20%), and chickpea starch (20%) extracted
from several wheat varieties. The wheat flour noodle had a
well-defined peak at 20.160, however the optimized noodle
had modest displacement of the peak position (20.207), as
illustrated in Table 6. The peak width is broader in case of
control as well as optimized sample.as reflected from the dif-
fractogram Fig. 2. It was revealed that both the samples are
moreover amorphous and slightly crystalline in nature. The
heat and shear during the noodle preparation process might
had disrupted the crystallinity of the raw material. The nar-
row crystal line and incomplete crystallites contained in the
amorphous structure were attributed to the wide diffraction,
which showed changes in amorphous and crystalline regions
caused by re-crystallization (Zhang et al. 2014). Pourmo-
hammadi et al. (2019) also reported that the crystallinity of
noodle containing corn and wheat resistant starch depicted
the highest diffraction peak in the region of (15.21°, 17.05°,
20.45° and 22.42° 20) and (15.3°, 17°,20.3° and 23.35° 20)
peaks, respectively.

Conclusion

The incorporation of button mushroom powder and chick-
pea starch improved the nutritional, bioactive, cooking,
microstructure, textural and thermal properties of forti-
fied noodles linearly without degrading the palatability
aspects. There was increase in protein content and ash con-
tent from 9.97 to 21.43%, and 0.61-1.94% respectively.
Total phenolic content was also observed to be increased
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from 14.56-17.45 mg/GAE/g. However, cooking time was
observed to be decreased from 7.32 to 4.35 min while as
cooking loss and water absorption capacity was found to
be increased from 4.19-5.24 and 103.66-152.69% respec-
tively. The gumminess, springiness, and chewiness of
the noodles was found to be decreased significantly with
increase in the concentration of mushroom powder and
chickpea starch. The incorporation of mushroom powder
was found to improve sensorial attributes of taste, col-
our and texture with good acceptability at 10% mush-
room powder concentration. Thus, noodles can be a better
source of nutritionally enriched instant food.
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