Annals of Agri-Bio Research 29 (1): 151-157, 2024 Impact Score : 0.28

(Scopus)

Application of Compensatory TOPSIS-based Multiple Criteria Decision-
making System for Selecting Appropriate Salts in Noodle Production

MANISHA MALIK, DEVYANI TOMAR, NARPINDER SINGH' AND BHUPENDAR SINGH
KHATKAR*

Department of Food Technology, Guru Jambheshwar University of Science and Technology, Hisar-125 001
(Haryana), India
*(e-mail: bhupendarkhatkar@gmail.com, Mobile: 99926 56849)

(Received: September 1, 2023; Accepted: October 11, 2023)

ABSTRACT

Aim of current study was to identify suitable carbonate and phosphate salts for noodle making using
TOPSIS. A total of 21 groups of carbonates and 28 groups of phosphates were evaluated to determine
their impact on flour and noodle quality. Addition of carbonates significantly enhanced the yellowness
and hardness of noodles, whereas significantly reduced cooking loss and peak viscosity. On the other
hand, addition of phosphates resulted in a significant decrease in hardness and an increase in peak
viscosity. The yellowness of the noodles did not exhibit a substantial change upon addition of phosphate
salts. Based on TOPSIS analysis, combinations of salts with a Na-to-K carbonate ratio of 50:50 or 40:60,
at a concentration of 1.25%, were identified as suitable choices for noodle production, according to the
experimental findings. Among phosphate groups, Di-sodium phosphate at concentration of 0.25% was
determined to be the preferred option for noodles.
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INTRODUCTION

Noodles are manufactured by mixing wheat
flour, water and salt or/and alkaline reagents.
Two types of noodles are more common,
namely, yellow alkaline and white salted
noodles. While making yellow alkaline noodles,
Kansui (a mixture of carbonates of sodium and
potassium) is used (Fan et al., 2018). Quality
and quantity of alkaline salts affect noodles
quality (Obadi et al., 2022). Texture is
considered the most important characteristic
of noodles followed by color, surface appearance
and cooking parameters (Fan et al, 2018). In
addition to elastic and soft texture, alkaline
reagents also provide yellowness to noodles by
reacting with colourless flavones present in
wheat flour (Obadi et al.,, 2022). Sodium
carbonate significantly affected colour, pH and
firmness of noodles and its 0.7-1.2%
concentration was recommended (Obadi and
Xu, 2021). Use of 0.1-0.3% alkaline salt was
sufficient to improve noodle quality but for
attaining appropriate yellowness, 0.5-1.5% was
needed. The need for low-sodium diets has led
to the rise in popularity of potassium carbonate

(Fan et al., 2018). Asian noodle manufacturers
utilized various food additives including
polysaccharide gums, glycerol monostearate
and inorganic salts. Among these additives,
inorganic phosphates emerged as particularly
promising (Obadi et al., 2022). Phosphate salts
are commonly employed as functional
additives, serving as water holding agents,
buffering agents, sequestrants, or dispersants
(Thangavelu et al., 2019).

Phosphate salts are commonly employed in
cereal products to serve as leavening agents
and enhance the quality of noodles. They are
utilized to increase elasticity of noodles and
minimize dough cracking (Liu et al., 2016). By
modifying the process of starch gelatinization
and acting as chelating agents in dough
systems, phosphates effectively enhance
properties of dough during processing and
prevent discolouration of fresh noodles (Niu
and Hou, 2019). In recent times, there has
been a growing inclination towards the
application of phosphate salts in wheat-based
foods, particularly noodles. Chen et al. (2019)
revealed that phosphate salt decreased
hardness and slightly increased springiness,
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cohesiveness and resilience of whole wheat
noodles.

Multi-criteria decision making (MCDM)
involves evaluating alternatives based on a
variety of qualitative and quantitative criteria
to facilitate selection or ranking. One helpful
MCDM technique is the technique for order
preference by similarity to ideal solution
(TOPSIS), which selects the greatest
alternative after identifying solution
alternatives from the positive and negative
ideal solutions (Hajiaghaei-Keshteli et al.,
2023). Recently Hedayatia et al. (2021) used
TOPSIS for selecting appropriate hydrocolloids
for eggless cakes. They concluded that TOPSIS
is an effective approach for facilitating
comparison and decision-making. In the
present study, the objective was to examine
impact of various carbonates (21 groups) and
phosphates (28 groups) of sodium and
potassium on the quality of flour and noodles.
The aim was to select the most suitable salts
using the TOPSIS methodology for noodle
making.

MATERIALS AND METHODS

Refined wheat flour was purchased from the
Vardhan Foods, India, having moisture, protein
and ash contents of 12.5, 11.93 and 0.55%,
respectively. All salts, chemicals, solvents and
reagents used were of analytical grade. Sodium
carbonate (Na,CO,), potassium carbonate
(K,CO,) and seven types of phosphate salts (PS),
namely, monosodium phosphate (MSP),
disodium phosphate (DSP), sodium
hexametaphosphate (SHMP), dipotassium
phosphate (DKP), tripotassium phosphate
(TKP), trisodium phosphate (TSP) and sodium
pyrophosphate (TSPP), were supplied by Sigma-
Aldrich, India.

Peak viscosity of wheat flour was measured
using a Rapid Visco Analyser (RVA Techmaster,
Perten Instruments Inc., Australia) as
described by Chen etal. (2019).

Basic formulation for noodle making contained
wheat flour (12.5% mb), water, NaCl and
guargum in a ratio of 100:34:1.54:0.28 by
weight. A control sample using basic
formulation was prepared without adding any
carbonate salt or phosphate salt. Selected
levels of mixtures (100:0, 50:50, 40:60, 30:70,
20:80, 10:90, 0:100) of Na-to-K carbonate were
0.25, 0.75 and 1.25% on flour weight basis.

Except MSP (0.015, 0.025, 0.035 and 0.045%),
all other phosphate salts were added to levels
of 0.15, 0.25, 0.35 and 0.45% on flour weight
basis. Noodles were prepared as per the method
described by Chaudhary etal. (2016).

Colour, yellowness value of b of instant noodle
powder was measured using chromameter
(CR400, Konica Minolta, Osaka, Japan)
equipped with D65 illuminant. Cooking loss
was measured following Niu and Hou (2019).
Hardness of cooked noodles was measured
using Texture Analyser (Stable Micro Systems
TA-XT 2i, Godalming,U.K.) following Chen et
al. (2019). Results were presented as mean+SD.
Data analysis was done by one-way analysis of
variance through the IBM SPSS Statistics 21.
Tukey’s test was performed for checking
significance of variations among average
value (P< 0.05).

TOPSIS approach was followed twice separately
for ranking of carbonate salts (CS) and
phosphate salts (PS) groups. In the current
study, selection of appropriate CS group and
PS group was done individually. So, salt group
was selected as decision marker. Cooking loss,
yellowness (b value), hardness of noodles and
peak viscosity of flour were taken as selection
criteria. Cooking loss was considered non-
beneficial criteria, while values of b, hardness
and peak viscosity were considered beneficial
criteria (Hedayatia et al., 2021).

RESULTS AND DISCUSSION

Effects of salts on peak viscosity of wheat
flour: The pasting properties of the flour
suspension during heating and cooling cycles,
which lead to alterations in starch granules,
were measured using a Rapid-visco-analyzer
(RVA). Peak viscosity (PV) is an important
parameter for estimating eating quality of
alkaline noodle products (Li et al., 2020). PV of
the control sample was determined to be 1932
cP (Fig. 1).

When carbonate salts (CS) were initially added
at a 0.25% level in flour, the peak viscosity
(PV) of flours with all carbonate salts increased
compared to the control sample. Subsequently,
a continuous decrease in PV was observed as
concentration of CS was increased from 0.25
to 1.25% in flour, with the highest PV recorded
at 0.25%. The variation in the sodium-to-
potassium carbonate ratio did not result in any
significant differences in the PV values of the
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Fig. 1. Effect of carbonate salts (A) and phosphate
salts (B) on peak viscosity of flour. Error
bars indicate mean valueststandard
deviation of three replicates. Bars with
different letters are significantly different
(P<0.05). MSP —-Monosodium phosphate;
DSP-Disodium phosphate, SHMP-Sodium
hexametaphosphate, DKP-Dipotassium
phosphate, TKP-Tripotassium phosphate,
TSP-Trisodium phosphate and TSPP-Sodium

pyrophosphate. MSP was wused at
concentration of 0.015, 0.025, 0.035 and
0.045%.

flours (Fig. 1). These observations align with a
previous study (Fan et al, 2018). The increase
in PV upon adding 0.25% CS in flour was likely
caused by an increase in the swelling power
of starch granules. Additionally, the alkali
present in the flour suspension had elevated
the concentration of anions (OH- or CO32-) to
a level that significantly altered the peak
viscosity by disrupting the hydrogen bonds
among starch molecules (Pedcharat et al,
2021). With the exception of sodium hexameta
phosphate, all phosphate salts caused increase
in PV of the flour, which was consistent with
previous observation (Chen et al., 2019).

The increase in PV may be attributed to
formation of amylopectin aggregates resulting
from the interaction between phosphates and
starch chains (Chen et al., 2019). When flours
were supplemented with tri-potassium

phosphate, tri-sodium phosphate and sodium
pyrophosphate, higher PV values were
observed. On the other hand, sodium
hexametaphosphate and monosodium
phosphate exhibited the lowest PV. Upon
increasing salt level from O to 0.45%, only
monosodium phosphate and disodium
phosphate showed an increase in PV, while
trisodium phosphate caused a decrease. The
concentration of sodium hexametaphosphate
from 0.15 to 0.45% did not cause a significant
difference in PV values. The covalent bonding
and electrostatic interaction of phosphate salts
with the hydroxyl groups in starch resulted in
longer starch chain lengths and increased
cross-linkage among starch molecules.
Sodium hexametaphosphate, having fewer
hydroxyl groups compared to trisodium
phosphate, sodium pyrophosphate, and
disodium phosphate, led to a weaker network
with starch, resulting in lower viscosity
values. At lower levels of phosphate salts, the
higher PV may be attributed to the cross-
linking of hydroxyl groups between the
phosphate salts and starch. However, at higher
levels, the combination of phosphate salts with
proteins showed minimal effects on viscosity
(Chen et al., 2019). The higher PV contributes
to a smoother and more elastic mouth feel in
noodles (Jia et al., 2019). Therefore, it is
suggested to use a blend of carbonate and
phosphate salts to achieve the desired PV
values.

Effects of salts on yellowness (b value) of
noodles: Colour is one of the main criteria for
noodles. Yellow appearance which is
represented as b value is desired by the
consumers (Siah and Quail, 2018). Value of b
for control flour noodles was 13.29. At a
concentration of 0.25% for all CS, there was
seen only a slight improvement in the
yellowness (b value) of noodles in comparison
with that in the control sample (Fig. 2).
However, when the concentration of CS was
increased from 0.25 to 1.0%, a noticeable
increasing trend was observed, with the
highest value obtained at 1.25%. The variation
in the ratio of sodium to potassium carbonate
did not have any effect on the yellowness of
the noodles. These results align with findings
of Fan etal (2018). The yellow colour of noodles
was attributed to a chromophoric shift caused
by the reaction of endogenous flavonoids
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Fig. 2. Effect of carbonate salts (A) and phosphate
salts (B) on b value of noodles which is
yellowness/blueness. Error bars indicate
mean valueststandard deviation of eight
replicates. Bars with different letters are
significantly different (P<0.05). MSP-
Monosodium phosphate, DSP-Disodium
phosphate, SHMP-Sodium hexametaphosphate,
DKP-Dipotassium phosphate, TKP-
Tripotassium phosphate, TSP-Trisodium
phosphate and TSPP-Sodium pyrophosphate.
MSP was used at concentration of 0.015,
0.025, 0.035 and 0.045%.

available in wheat flour with the alkaline pH

provided by carbonate salts (Obadi et al., 2022).

Regarding phosphate salts (PS), there were no

significant differences observed among various

PS groups in terms of yellowness (b value) of

the noodles. Although all phosphate salts led

to slightly higher b values compared to the
control sample, this influence was not as
pronounced as in the CS groups. The addition
of monosodium phosphate, dipotassium
phosphate, tripotassium phosphate and
trisodium phosphate at certain concentrations
resulted in slight improvement in the
yellowness of noodles. On the other hand,
disodium phosphate, sodium hexametaphosphate,
and sodium pyrophosphate caused a slight
decrease in yellowness of noodles at all
concentrations. The yellowness of noodles was

influenced by the alkali used. Phosphate salts
had minimal effects on increasing the pH
value since they were not caustic salts, which
explained why they result in lower b values
compared to carbonate salts (Obadi et al., 2022).
Carbonate salts are therefore recommended
for achieving the desired yellow colour in
noodles.

Effects of salts on cooking loss of noodles:
Cooking loss is a crucial factor that
significantly impacts overall acceptability of
noodles (Obadi et al, 2022). It serves as an
indicator of the structural integrity of the
noodle network (Tan et al., 2018). The control
sample exhibited a cooking loss 0f9.36%. The
addition of carbonate salts, ranging from O to
1.25%, resulted in a decrease in cooking loss
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Fig. 3. Effect of carbonate salts (A) and phosphate salts
(B) on cooking loss of noodles. Error bars
indicate mean valueststandard deviation of
three replicates. Bars with different letters are
significantly different (P<0.05). MSP-
Monosodium phosphate, DSP-Disodium
phosphate, SHMP-Sodium hexametaphosphate,
DKP-Dipotassium phosphate, TKP-
Tripotassium phosphate, TSP-Trisodium
phosphate and TSPP-Sodium pyrophosphate.
MSP was used at concentration of 0.015, 0.025,
0.035 and 0.045%.
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in the noodles (Fig. 3). These findings align
with the research conducted by Wang et al
(2021). Reduced cooking loss is associated with
a higher level of gluten cross-linkage under
alkaline conditions (Li et al., 2018).
Strengthening the bonding forces within
starch granules may also contribute to the
observed decrease in cooking loss (Kasunmala
et al., 2020). When comparing the sodium-to-
potassium ratios, samples with added sodium
carbonate exhibited lower cooking loss
compared to those with potassium carbonate.
Altering the carbonate ratios did not
significantly influence the cooking loss,
consistent with the findings reported by Fan
etal (2018).

No specific pattern was observed regarding the
impact of adding phosphates on noodles' cooking
loss. The addition of trisodium phosphate and
sodium pyrophosphate resulted in the highest
cooking loss, and the values increased as the
concentration reached 0.45%. On the other
hand, the lowest cooking loss values were
obtained when using disodium phosphate and
dipotassium phosphate at concentrations of
0.25 and 0.35%, respectively. The presence of
hydroxyl groups in phosphate salts facilitates
interaction with starch, potentially stabilizing
the amorphous region and reducing cooking
loss. Additionally, phosphate salts may promote
the formation of disulfide bonds in wheat gluten,
enhancing the gluten network and ultimately
reducing cooking loss (Chen et al, 2019). The
increased cooking loss caused by trisodium
phosphate and sodium pyrophosphate could be
attributed to the dissolution of soluble gliadins
(o and y) under alkaline pH conditions (Chen et
al., 2019).

Effects of salts on hardness of cooked
noodles: Among various criteria used for
assessing the quality characteristics and
consumer acceptance of noodles, the hardness
of cooked noodles is considered crucial. Many
researchers have recommended use of TPA
(Textural profile analysis), which is widely
recognized as one of the most commonly
employed instrumental techniques to evaluate
quality characteristics of cooked noodles (Ross,
2020). Hardness of control sample of noodles
was measured to be 2926.51 g (Fig. 4).

The addition of 0.25% carbonate salts did not
have a significant impact on the hardness of
the noodles. However, a notable increasing
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Fig. 4. Effect of carbonate salts (A) and phosphate
salts (B) on hardness of noodles. Error bars
indicate mean valueststandard deviation of
five replicates. Bars with different letters
are significantly different (P<0.05). MSP-
Monosodium phosphate, DSP-Disodium
phosphate, SHMP-Sodium hexametaphosphate,
DKP-Dipotassium phosphate, TKP-
Tripotassium phosphate, TSP-Trisodium
phosphate and TSPP-Sodium pyrophosphate.
MSP was used at concentration of 0.015,
0.025, 0.035 and 0.045%.

trend in hardness was observed when the level
of carbonate salts was increased from 0.25 to
1.25%. Furthermore, altering the sodium-to-
potassium ratio did not result in a significant
difference in the hardness of the noodles. It is
possible that the competition between alkali
and gluten proteins for free water contributed
to the higher hardness values. Additionally, the
increased formation of covalent protein cross-
links may have played a role in the harder
texture of the noodles when carbonate salts
were added (Fan et al., 2018; Li et al., 2018).
On the other hand, increasing the level of
sodium hexametaphosphate and trisodium
phosphate from O to 0.45% led to an increase
in the hardness of the noodles (Fig. 4). Among
the samples, those with sodium
hexametaphosphate exhibited the highest
hardness, while dipotassium phosphate,
trisodium phosphate and sodium pyrophosphate
resulted in lower hardness values.
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TOPSIS ranks: In this study, determination of
suitable concentrations of carbonate salts (CS)
and phosphate salts (PS) for noodle production
was based on the rankings obtained through
the TOPSIS method. CS and PS commonly
utilized in noodle manufacturing due to their
various benefits. However, selecting the ideal
CS or PS was challenging due to the influence
of multiple criteria, including peak viscosity,
yellowness (b value), cooking loss and hardness,
which all impact noodle quality. To address this
challenge, the TOPSIS approach was employed
to rank different salts. The rankings were
determined by calculating the distances
between each alternative and the positive and
negative ideal solutions for each criterion. The
panelists’ collective responses were
considered, and equal weight age (0.25) was
assigned to each criterion, namely, cooking
loss, b value, hardness and peak viscosity. The
distances and closeness coefficient guided the
final rankings of the CS groups (Table 1) and
PS groups (Table 2).

The concentration of carbonate salts had a
more significant impact on noodle quality
compared to changing the Na-to-K carbonate
ratios (Table 1). Carbonate salts at 1.25%
concentration achieved higher rankings,
followed by concentrations of 0.75 and 0.25%,
respectively. At 1.25% concentration, higher
values of b (yellowness) and hardness, along
with lower cooking loss, contributed to the
top rankings. In terms of the sodium to
potassium carbonate ratio, ratios of 100:0,
50:50 and 40:60 achieved top rankings.
Considering the low sodium requirement in
the diet, ratios of 40:60 or 50:50 were
recommended for making noodles. This study
is the first attempt to use combinations of
sodium and potassium carbonate salts for
noodle making.

Among different concentrations of phosphate
salts, 0.25 and 0.35% achieved higher
rankings compared to 0.15 and 0.45%. Samples
added with disodium phosphate obtained the
top rank, followed by sodium hexametaphosphate
tripotassium phosphate, monosodium
phosphate, dipotassium phosphate, sodium
pyrophosphate, and trisodium phosphate,
respectively. Sodium pyrophosphate and
trisodium phosphate gradually increased
cooking loss and decreased hardness, leading
to their lower rankings (Table 2).

Table 1. Final ranking of carbonate groups of salts as
given by TOPSIS

Na-to-K Level di* di- C Ranks
carbonate (%)

ratio

50:50 1.25 0.0163 0.0403 2.5184 1
100:0 0.75 0.0160 0.0384 2.4405 2
40:60 1.25 0.0170 0.0398 2.3736 3
20:80 1.25 0.0167 0.0389 2.3635 4
100:0 1.25 0.0210 0.0474 2.3035 5
30:70 1.25 0.0177 0.0376 2.1582 6
0:100 1.25 0.0194 0.0400 2.0998 7
10:90 1.25 0.0185 0.0370 2.0396 8
40:60 0.75 0.0238 0.0294 1.2633 9
50:50 0.75 0.0233 0.0286 1.2523 10
30:70 0.75 0.0252 0.0278 1.1309 11
0:100 0.75 0.0258 0.0277 1.1024 12
10:90 0.75 0.0283 0.0250 0.9080 13
20:80 0.75 0.0290 0.0229 0.8140 14
50:50 0.25 0.0386 0.0217 0.5847 15
40:60 0.25 0.0431 0.0219 0.5300 16
0:100 0.25 0.0441 0.0215 0.5082 17
100:0 0.25 0.0432 0.0177 0.4275 18
20:80 0.25 0.0464 0.0186 0.4202 19
30:70 0.25 0.0453 0.0182 0.4193 20
10:90 0.25 0.0460 0.0179 0.4074 21

Table 2. Final ranking of phosphate groups of salts as
given by TOPSIS

Phosphate Level di* di- C Ranks
salt type (%)

DSP 0.25 0.0097 0.0276 2.8916 1
DSP 0.15 0.0111 0.0262 2.3816 2
SHMP 0.25 0.0120 0.0277 2.3308 3
DSP 0.35 0.0120 0.0270 2.2752 4
TKP 0.45 0.0123 0.0271 2.2393 5
TKP 0.35 0.0136 0.0264 1.9626 6
SHMP 0.35 0.0141 0.0269 1.9292 7
MSP 0.045 0.0141 0.0256 1.8434 8
MSP 0.035 0.0140 0.0244 1.7717 9
SHMP 0.45 0.0156 0.0266 1.7285 10
MSP 0.025 0.0141 0.0239 1.7240 11
TKP 0.25 0.0139 0.0234 1.7025 12
TKP 0.15 0.0144 0.0235 1.6556 13
SHMP 0.15 0.0153 0.0245 1.6336 14
DKP 0.25 0.0193 0.0269 1.4208 15
MSP 0.015 0.0162 0.0222 1.3877 16
DSP 0.45 0.0190 0.0225 1.2111 17
DKP 0.35 0.0242 0.0242 1.0244 18
DKP 0.45 0.0224 0.0223 1.0167 19
TSPP 0.15 0.0206 0.0181 0.8959 20
TSP 0.15 0.0231 0.0195 0.8634 21
DKP 0.15 0.0236 0.0148 0.6439 22
TSPP 0.35 0.0273 0.0140 0.5284 23
TSP 0.35 0.0272 0.0132 0.4993 24
TSP 0.25 0.0265 0.0116 0.4492 25
TSPP 0.45 0.0303 0.0102 0.3472 26
TSPP 0.25 0.0529 0.0139 0.2762 27
TSP 0.45 0.0353 0.0048 0.1396 28

MSP-Monosodium phosphate, DSP-Disodium
phosphate, SHMP-Sodium hexametaphosphate, DKP-
Dipotassium phosphate, TKP-Tripotassium phosphate,
TSP-Trisodium phosphate and TSPP-Sodium
pyrophosphate.
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CONCLUSION

The findings of this study highlighted the
positive impact of carbonates and phosphates
on the overall acceptability of noodles,
particularly at specific salt concentrations. The
application of TOPSIS analysis revealed that a
50:50 or 40:60 ratio of sodium-to-potassium
exhibited superior acceptability in noodles, with
disodium phosphate ranking as the top-
performing phosphate salt. The utilization of
TOPSIS as a comparison tool proved beneficial
in facilitating the assessment process.
However, further research is required to
determine the optimal combination of suitable
carbonates and phosphates, enabling a
comprehensive evaluation of their relative
acceptability in noodles.

REFERENCES

Chaudhary, N., Dangi, P. and Khatkar, B. S. (2016).
Evaluation of molecular weight distribution
of unreduced wheat gluten proteins
associated with noodle quality. J. Food
Sci. Technol. §3: 2695-2704. doi: 10.1007/
s13197-016-2241-9.

Chen, M., Wang, L., Qian, H., Zhang, H., Li, Y.,
Wu, G. and Qi, X. (2019). The effects of PS
on the pasting, mixing and noodle-making
performance of wheat flour. Food Chem.
283: 353-358.

Fan, H., Ai, Z., Chen, Y., Fu, F. and Bian, K. (2018).
Effect of alkaline salts on the quality
characteristics of yellow alkaline noodles.
J. Cereal Sci. 84: 159-167.

Hajiaghaei-Keshteli, M., Cenk, Z., Erdebilli, B.,
Ozdemir, Y. S. and Gholian-Jouybari, F.
(2023). Pythagorean fuzzy TOPSIS method
for green supplier selection in the food
industry. Expert Sys. Appl. 224: 120036.
doi: 10.1016/j.eswa.2023.120036.

Hedayatia, S., Niakousarib, M., Damyehc, M. S.,
Mazloomia, S. M., Babajafaria, S. and
Ansarifard, E. (2021). Selection of
appropriate hydrocolloid for eggless cakes
containing chubak root extract using
multiple criteria decision-making approach.
LWT-Food Sci. Tech. 141: 110914. doi:
10.1016/j.lwt.2021.110914.

Jia, F., Ma, Z., Wang, X., Li, X., Liu, L. and Hu, X.
(2019). Effect of kansui addition on dough
rheology and quality characteristics of
chickpea-wheat composite flour-based
noodles and the underlying mechanism.
Food Chem. 298: 125081. doi: 10.1016/
J.foodchem.2019.125081.

Kasunmala, I. G. G., Navaratne, S. B. and
Wickramasinghe, I. (2020). Effect of process
modifications and binding materials on
textural properties of rice noodles. Int. J.
Gast. Food Sci. 21: 100217. doi: 10.1016/
J.79fs.2020.100217.

Li, M., Sun, Q. J., Han, C. W., Chen, H. H. and
Tang, W. T. (2018). Comparative study of
the quality characteristics of fresh noodles
with regular salt and alkali and the
underlying mechanisms. Food Chem. 246:
335-342.

Li, Q., Li, C., Li, E., Gilbert, R. G. and Xu, B. (2020).
A molecular explanation of wheat starch
physico-chemical properties related to
noodle eating quality. Food Hydrocolloids
108: 106035. doi: 10.1016/j.foodhyd.
2020.106035.

Liu, T., Hou, G. G., Book, S. L. and Marquart, L.
(2016). Effects of chemical leavening
system and processing conditions on the
opacity and other quality characteristics
of whole-wheat flour tortillas. LWT - Food
Sci. Tech. 73: 123-130.

Niu, M. and Hou, G. G. (2019). Whole wheat
noodle: Processing, quality improvement
and nutritional and health benefits. Cereal
Chem. 96: 23-33.

Obadi, M. and Xu, B. (2021). Review on the physico-
chemical properties, modifications and
applications of starches and their common
modified forms used in noodle products.
Food Hydrocolloids 112: 106286. doi:
10.1016/j.foodhyd.2020.106286.

Obadi, M., Zhang, J. and Xu, B. (2022). The role of
inorganic salts in dough properties and
noodle quality—-A review. Food Res. Int. 157:
111278. doi: 10.1016/j.foodres.2022. 111278.

Pedcharat, K., Jangchud, K. and Prinyawiwatkul, W.
(2021). Physico-chemical properties of rice
flour as affected by alkaline soaking and
washing treatments. Int. J. Food Sci. Tech.
56: 2539-2547. doi: 10.1111/ijfs.14892.

Ross, A. S. (2020). Quality evaluation of noodles.
In. Asian Noodle Manufacturing
Ingredients, Technology and Quality. Hou,
G. G. (ed.). Woodhead Publishing and
AACC International Press. doi: 10.1016/
C2016-0-02429-4.

Siah, S. and Quail, K. J. (2018). Factors affecting
Asian wheat noodle colour and time-
dependent discolouration-A review. Cereal
Chem. 95: 189-205. doi: 10.1002/ cche. 10035.

Tan, H. L., Tan, T. C. and Easa, A. M. (2018).
Comparative study of cooking quality,
microstructure and textural and sensory
properties between fresh wheat noodles
prepared using sodium chloride and salt
substitutes. LWT Food Sci. Tech. 97: 396-
403. doi: 10.1016/j.1wt.2018.07.031.

Thangavelu, K. P., Kerry, J. P., Tiwari, B. K. and
McDonnell, C. K. (2019). Novel processing
technologies and ingredient strategies for
the reduction of phosphate additives in
processed meat. Trends Food Sci. Tech. 94:
43-53. doi: 10.1016/j.tifs.2019.10.001.

Wang, J., Guo, X. N., Li, Y. and Zhu, K. X. (2021).
The addition of alpha amylase improves
the quality of Chinese dried noodles. Food
Chem. 86: 860-866. doi: 10.1111/1750-
3841.15654.



