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Abstract:

Introduction: Starch is an important material in the production of various food products, which has various functional
properties depending on the source. However, the use of natural starch in industry has always faced challenges. For
example, the low temperature of starch paste formation, low tolerance of natural starch to various processes, low
hardness of the gel formed from it, etc., which ultimately limits the use of natural starch in industry, especially the
food industry. For this reason, starch modification is one of the processes that is carried out after its extraction with
the help of chemical, physical, enzymatic and thermal methods. This causes changes in the functional properties of
starch and, depending on the modification conditions, the extent of its application in the food industry. Plasma active

species interact with starch and modify starch through three possible mechanisms such as crosslinking,

depolymerization and granule surface removal.

Materials and Methods: Potato starch powder was obtained from Zamen Food Products Manufacturing Company
located in Mashhad Industrial City, Iran in plastic packaging without being in contact with the outside air. For the
treatment of starch with cold plasma, a homemade cold plasma generator was used. This device includes a cold plasma
generator section and a sample storage section that is capable of producing cold plasma and direct contact of the
sample with ionized air in this way. Using a plasma reactor including copper and steel electrodes, a voltage of 20 kV,
a current of 3 mA with 50 HZ, was produced and collided with the sample with the help of atmospheric air. In the
preparation of starch samples, a randomized complete factorial experimental design was implemented with the factors
of pre-gelatinization temperature (60, 55 and 0 °C), cold plasma treatment time (30, 15 and 0 min), and starch drying
temperature (80, 70 and 60 °C). Then, a 2% (w/w) suspension of potato starch was kept at 100°C for 1 hour. Vortexing
was performed every 5 minutes and after one hour, the samples were cooled to room temperature (25°C). The shear
flow behavior due to shear stress in the starch dispersion of 2% at 25°C was determined using a viscometer made in
the country spain. with the help of a spindle No 3 . The range of stress applied to the dispersion was from 0 to 200
inverse seconds in an incremental manner and the strain data were recorded. Then, the fluid flow behavior was

analyzed with the help of rheological models. The flow behavior of the starch dispersion of 2% was fitted with the

power law, Herschel-Balkely and Kesson rheological models using the soft regression toolbox of SPSS 20 software.

Results and Discussion: The Herschel-Bulkley model was able to fit the data more accurately in most cases, although
in some treatments, the power law and the Casson model also fitted well. This means that the type of treatment can
cause a variety of behaviors from Newtonian to non-Newtonian thinning in the starch fluid. In general, with increasing
pregelatinization temperature, the final viscosity of the starch samples decreased. However, the value of the
coefficient & in the samples that were not pregelatinized increased with increasing plasma treatment time from zero
to 15 minutes. The coefficient » in the samples that were not pregelatinized increased with increasing other factors,
but in the samples that were pretreated at 55 °C, it decreased with increasing other factors. At the pregelatinization
temperature of 60°C, n was constant but generally lower than the n of other pregelatinization treatments. Drying
temperature generally decreased the viscosity of the samples. However, at each temperature, the effect of
pregelatinization temperature and cold plasma treatment time on viscosity changes was significant. Coefficients such

as k and n also decreased with increasing drying temperature. Increasing plasma treatment time decreased viscosity
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and k in the samples. However, significant fluctuations in the value of n were observed. For example, in samples that
did not receive plasma treatment, pregelatinization and drying at the lowest temperature caused Newtonian to shear-
thickening behavior (n=1.1) in the fluid. However, increasing the drying temperature at the same pregelatinization
temperature caused # to decrease to about 0.83. In contrast, in samples that received 15 minutes of plasma treatment,
the important factor affecting the changes in n was the drying and pregelatinization temperature. Finally, in samples

that received the longest cold plasma treatment time, i.e. 30 minutes, increasing the drying and pregelatinization

temperatures caused a decrease in n and a change in the fluid behavior from Newtonian to shear-thinning.

Conclusion: The study of the effect of cold plasma treatment on the rheological properties of potato starch indicates
a significant effect of temperature and treatment time on the viscosity behavior and molecular structure of starch. The
results obtained emphasize that cold plasma treatment, especially at temperatures below 60 °C, has a significant effect
on reducing rheological parameters such as starch viscosity and consistency. These changes in rheological properties
occur due to the chemical and physical effects of cold plasma active species on starch granules, such as changes in
the surface of the granules, the creation of pores, and increased water absorption in them. It was also found that starch
modification through cold plasma treatment leads to improvements in its functional properties, especially
hydrophilicity and solubility. In addition, the effect of temperature in the pregelatinization and drying processes is
clearly observed, indicating the importance of controlling conditions in obtaining an optimal structure for the treated
starches. The evidence from this study not only provides a better understanding of the rheological behavior of starch,

but also provides solutions for optimizing industrial processes related to the production and application of this type

of starch.
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Figure 1 - Interaction of cold plasma time and drying temperature (a) and cold plasma time and pregelatinization

temperature (b) on the viscosity of potato starch
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Table 1- Power law, Herschel- Bulkley, and Casson model parameters for starch samples at different times of

cold plasma treatment, pregelatinization temperature and drying temperature

Power law Herschel-Bulkley Casson

Run Number n R?  k (Pas") n R?  k (Pas") n R? k(Pas") n R?

R1 3444 093 2.17 0.64 0.99 3.2 0.7 099 23.4 1.78 0.98
R21 280.27 0.97 2.98 0.54 0.97 3.03 0.61 0.97 20.52 1.42  0.99
R24 33428 0.92 3.56 1.1 0.99 3.85 1.29  0.98 25.6 2.6 0.99
R7 3752  0.96 3.64 1.03  0.95 3.8 1.19 0.94 26.7 2.63 0098
R12 310.1 0.95 3.42 0.91 0.96 3.56 1.1 0.95 23.65 2.19 098
R10 291.11  0.99 3.58 1.07 0.92 3.8 1.32 091 23.57 237 0098
R13 213.15 0.74 2.57 0.25 0.9 2.56 028 0.9 16.24 0.64 0.82
R27 313.08 098 3.7 1.13  0.92 3.92 1.4 091 24.9 2.53 0098
R11 322.8 0.86 3.64 1.1 0.99 3.82 1.3 099 25.13 2.57 0.96
RI18 24575 0.63 2.9 0.54 0.83 2.95 0.6 0.84 19.13 1.32 0.74
R9 35243  0.95 3.7 1.1 0.97 3.9 1.3 0.96 26.35 2.69 0.99
R3 380.6  0.86 3.66 1.05 0.95 3.82 1.21  0.95 27.4 2.7 094
R26 3589 0.96 3.4 0.84 0.96 3.5 0.95 0.96 25.1 2.23  0.99
R23 34245 0.96 34 0.83  0.98 3.48 0.94 0.97 24.71 2.2 0.99
R2 343.4  0.99 3.07 0.537 0.9 3.1 0.592 0.9 22.7 1.56 0.96
R22 273.56 0.96 3.16 0.72 0.93 3.25 0.83 0.93 21.28 1.74 0.97
R4 292.8  0.77 3.05 0.617 0.651 3.07 0.64 0.95 21.15 1.52 0.86
RS 340.12 097 3.96 1.36 0.94 4.34 1.7 093 27 2.97 0.99
R16 327.07 0091 3.06 0.55 0.98 3.1 0.6 0098 22.21 1.55 0.97
R19 284.06 0.96 3.12 0.67 0.93 3.2 0.76  0.93 21.4 1.68 0.97
R17 291.71 0.7 3.16 0.7 0.92 3.22 0.79 0.93 21.84 1.78 0.82
R20 293.72 0.7 33 0.79  0.93 33 0.89 0.93 22.37 1.95 0.82
R6 253.6  0.721 3.26 0.86 0.94 34 1 0.96 21.13 1.93 0.85
R15 279.71  0.85 3.1 0.65 0.98 3.16 0.74 0.98 21.14 1.65 0.93
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Table 2- Significance of the effect of three factors on the viscosity, k coefficient and n coefficient of starch

samples
Pre- Drvi Pre- Drvi
in in
Gelatination e Cold- Plasma Gelatination e
Temperature ) Temperature
Temperature time (min) - Temperature
(degC) - (degC) -
(degC) — n.Power (degC) -
n.Power k.Power
n.Power k.Power
Exact Sig. (2-tailed) .152° .000° .064° .152b .000P
Pre- Pre-
Drying
Cold- Plasma Gelatination Cold- Plasma Gelatination
. . Temperature . .
time (min) - Temperature (degC) time (min) - Temperature
egC) -
k.Power (degC) - n.Casson (degC) -
n.Casson
n.Casson k.Casson
Exact Sig. (2-tailed) .064° .152b .000° .064° .152b
Drying Pre-
Cold- Plasma Drying Cold- Plasma
Temperature . . Gelatination ) )
time (min) - Temperature time (min) -
(degC) - Temperature
k.Casson (degC) - n.H.B n.H.B
k.Casson (degC) - n.H.B
Exact Sig. (2-tailed) .000° 307° .152b .000P .064°
Pre- Pre-
Drying Cold- Plasma Drying
Gelatination Gelatination
Temperature time (min) - Temperature
Temperature Temperature
(degC) - k.H.B k.H.B (degC) - mu
(degC) -k.H.B (degC) - mu
Exact Sig. (2-tailed) .152° .000° .064° .000P .000°

Cold- Plasma time (min) - mu
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Exact Sig. (2-tailed) .000°
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Table 4- Model Analysis for n, k, and viscosity of power law, casson, and herschel-bulkley equations withdesign

expert
n-Power
Source Sum of Squares | df | Mean Square | F-value | p-value R? Adjusted R*
Model 0.6690 3 0.2230 5.13 0.0286 | 0.6581 0.5299
A-PregelTemp 0.0122 1 0.0122 0.2802 | 0.6109
B-Drying Temp 0.3063 1 0.3063 7.05 0.0290
C-CPtime 0.0001 1 0.0001 0.0015 | 0.9703
Residual 0.3476 8 0.0434
Lack of Fit 0.1856 4 0.0464 1.15 0.4492
Pure Error 0.1620 4 0.0405
Cor Total 1.02 11
Linear Coefficient
Intercept 0.7745
A-PregelTemp 0.0798
B-Drying Temp -0.3302
C-CPtime -0.0048
n-Casson
Source Sum of Squares | df | Mean Square | F-value | p-value R? Adjusted R*
Model 3.17 3 1.06 5.36 0.0257 | 0.6676 0.5430
A-PregelTemp 0.0050 1 0.0050 0.0256 | 0.8769
B-Drying Temp 1.75 1 1.75 8.86 0.0177
C-CPtime 0.0066 1 0.0066 0.0337 | 0.8589
Residual 1.58 8 0.1972
Lack of Fit 0.9998 4 0.2500 1.73 0.3043
Pure Error 0.5780 4 0.1445
Cor Total 4.75 11
Linear
Intercept 1.85
A-PregelTemp 0.0514
B-Drying Temp -0.7886
C-CPtime 0.0486
n-Herschel- Bulkley
Source Sum of Squares | df | Mean Square | F-value | p-value R? Adjusted R*
Model 1.23 6 0.2052 1.78 0.02711 | 0.6815 0.2993
A-PregelTemp 0.0101 1 0.0101 0.0882 | 0.7784
B-Drying Temp 0.5773 1 0.5773 5.02 0.0352
C-CPtime 0.0587 1 0.0587 0.5098 | 0.5072
AB 0.0654 1 0.0654 0.5686 | 0.4848
AC 0.0126 1 0.0126 0.1097 | 0.7539
BC 0.1193 1 0.1193 1.04 0.3552
Residual 0.5753 5 0.1151
Lack of Fit 0.2053 1 0.2053 2.22 0.2104
Pure Error 0.3699 4 0.0925
Cor Total 1.81 11
Quadratic
Intercept 0.7760
A-PregelTemp -0.0915
B-Drying Temp -0.6165
C-CPtime 0.1965
AB -0.2140
AC 0.0940
BC 0.2890
k-Power
Source Sum of Squares | df | Mean Square | F-value | p-value R? Adjusted R*
Model 1.08 3 0.3604 5.38 0.0254 | 0.6686 0.5443
A-PregelTemp 0.0066 1 0.0066 0.0989 | 0.7612

1
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B-Drying Temp 0.5548 1 0.5548 8.28 0.0206
C-CPtime 0.0005 1 0.0005 0.0069 | 0.9360
Residual 0.5360 8 0.0670
Lack of Fit 0.3113 4 0.0778 1.39 0.3800
Pure Error 0.2247 4 0.0562
Cor Total 1.62 11
Linear
Intercept 3.24
A-PregelTemp 0.0589
B-Drying Temp -0.4445
C-CPtime 0.0128
k-Casson

Source Sum of Squares | df | Mean Square | F-value | p-value R? Adjusted R?
Model 68.66 3 22.89 6.12 0.0364 | 0.6965 0.5827
A-PregelTemp 0.0529 1 0.0529 0.0142 | 0.7124
B-Drying Temp 41.66 1 41.66 11.14 0.0307
C-CPtime 0.1503 1 0.1503 0.0402 | 0.9556
Residual 29.92 8 3.74
Lack of Fit 24.51 4 6.13 4.53 0.4069
Pure Error 5.41 4 1.35
Cor Total 98.57 11
Linear
Intercept 22.27
A-PregelTemp -0.1664
B-Drying Temp -3.85
C-CPtime 0.2314

k-Herschel- Bulkley

Source Sum of Squares | df | Mean Square | F-value | p-value R? Adjusted R?
Model 1.70 3 0.5668 4.65 0.0364 | 0.6358 0.4992
A-PregelTemp 0.0178 1 0.0178 0.1459 | 0.7124
B-Drying Temp 0.8351 1 0.8351 6.86 0.0307
C-CPtime 0.0004 1 0.0004 0.0033 | 0.9556
Residual 0.9742 8 0.1218
Lack of Fit 0.5479 4 0.1370 1.29 0.4069
Pure Error 0.4263 4 0.1066
Cor Total 2.67 11
Linear
Intercept 3.34
A-PregelTemp 0.0964
B-Drying Temp -0.5453
C-CPtime 0.0120

Viscosity

Source Sum of Squares | df | Mean Square | F-value | p-value R? Adjusted R?
Model 10887.63 3 3629.21 4.81 0.0337 | 0.6432 0.5095
A-PregelTemp 321.93 1 321.93 0.4265 | 0.5320
B-Drying Temp 7683.25 1 7683.25 10.18 0.0128
C-CPtime 35.01 1 35.01 0.0464 | 0.8349
Residual 6038.35 8 754.79
Lack of Fit 6036.07 4 1509.02 2641.74 | 0.1117
Pure Error 2.28 4 0.5712
Cor Total 16925.98 11
Linear
Intercept 296.60
A-PregelTemp -12.97
B-Drying Temp -52.30
C-CPtime 3.53
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Figure 3- The results of predicted and experimental data for the rheological parameters of the studied models
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Table 4- The significance of the prediction results of the parameters of the rheological models
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n.Power-Model 1 0.77 0.185 17 .047
k.Power-Model 2 0.68 0.221 17 .050
n.Casson-Model 3 0.55 0.388 17 .053
k.Casson-Model 4 0.45 0.27 18 .081
n.H.B-Model 5 0.89 0.238 17 .05
k.H.B-Model 6 0.93 0.283 17 .036
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starch, and the highest viscosity (d) and the lowest viscosity (e) in the modified starch dispersion with the

studied treatments
V7 OC (o8 S glod 00 °C o5 4V =g slod cisinnjirpms 4ol ) Gy L oisd (38 b sl gl oSS ol e
Aady Yo 9 5-°C 8-%C 5l u5)le iy 4 (Seo b bl (gl buls ool .ol p5Y aids YO 3905 30 slowdl b jled oloj g
slod ) ges U ol p3¥ a5y oy Sl (gl e .aiBy £ ¢ £4°C F0°C g0 i b okigd Lade cdls sbol 1y
op) ei Sid 5400 sgus (slod 3w g 48,3 )5 3 clowdl Hlews Cou alBd YA dgn e Ay e g 08 4V (6 YVOC

48B3 V¥ dgds 9 A-OC &+°C 5l a)le iy a cosd 2 ol diwlis )3 a5y (a8 bl (6ly iy 4 balys



Journal Pre-proofs
S 35 Aot £

g & jsSang i3y 2 lasd oloj g Lod drg BB U oated (LS (e walls (Su39l85) o S 1 e Slowdly slosi 5 (g
SilS  gyoline 31 £+0C 51 208 slod 0rg 4 3 g (Slowdl b jlos a5 08 o ST ol s 4 ol ol atwlis JoSUge Hlis Lo
8B (38 9 bond SIS S 4 (5995 s Sy > Sl cul )l atalis plgd g abjeSunny lai (S5l sl el
rras n3 o 3100 3 o i il 3 i Sl S a5 s o 2l sl Jy 5 3y sladly Jlb Slniiss
2 ogMe 9o el g (ugdl oag 4 o] (63, 8as (olsS dgute 4y e 3 sl L jle Gyl ) el ol s jasete
s ()5l s 43 )3 Lyl S Cenl o (L5 5 55 0 ounlite oy 4y (3,5 St g 4 S slasia] B 5 Lo Sl
aSh wad o Cuwd & dolis SS5e0s5, Hdy 5l oyt Sy s & daddllae oyl 5l Jols daled il s Hlew sladiolis (ol p din

&l o)l

ol 0l o Bl g bawg @8l (15l oS gun

&l

[17A1L, Y., & Jane, J.-1. (2024). Understanding starch structure and functionality. In Starch in food (pp. 55-
77): Elsevier.

[2] Amiri Aghdaei, S., Aalami, M., Babaei Geefan, S., & Ranjbar, A. (2014). Application of Isfarzeh seed
(Plantago ovate L.) mucilage as a fat mimetic in mayonnaise. Journal of Food Science and Technology,
51,2748-2754 .

[3] Banura, S., Thirumdas, R., Kaur, A., Deshmukh, R., & Annapure, U. (2018). Modification of starch
using low pressure radio frequency air plasma. Lwt, 89, 719-724 .

[4] Bertuzzi ,M. A., Armada, M., & Gottifredi, J. (2007). Physicochemical characterization of starch based
films. Journal of food engineering, 82(1), 17-25 .

[5] Bie, P.,, Pu, H., Zhang, B., Su, J., Chen, L., & Li, X. (2016). Structural characteristics and rheological
properties of plasma-treated starch. Innovative Food Science & Emerging Technologies, 34, 196-204 .

[6] Carvalho, A. P. M. G., Barros, D. R., da Silva, L. S., Sanches, E. A., da Costa Pinto, C., de Souza, S.
M., ... Campelo, P. H. (2021). Dielectric barrier atmospheric cold plasma applied to the modification of

AR



Journal Pre-proofs

Aria (Goeppertia allouia) starch: Effect of plasma generation voltage. International Journal of Biological
Macromolecules, 182, 1618-1627 .

[7] Chang, R., Lu, H., Tian, Y., Li, H., Wang, J., & Jin, Z. (2020 .(Structural modification and functional
improvement of starch nanoparticles using vacuum cold plasma. International Journal of Biological
Macromolecules, 145, 197-206 .

[8] Compart, J., Singh, A., Fettke, J., & Apriyanto, A. (2023). Customizing starch properties: A review of
starch modifications and their applications. Polymers, 15(16), 3491 .

[9] Fu, Z.-q., Che, L.-m., Li, D., Wang, L.-j., & Adhikari, B. (2016). Effect of partially gelatinized corn
starch on the rheological properties of wheat dough. LWT-food Science and Technology, 66, 324-331 .
[10] Gao, S., Liu, H., Sun, L., Liu, N., Wang, J., Huang, Y., . . . Zhang, X. (2019). The effects of dielectric
barrier discharge plasma on physicochemical and digestion properties of starch. International Journal of
Biological Macromolecules, 138, 819-830 .

[11]Ge, X., Shen, H., Sun, X., Liang, W., Zhang, X., Sun, Z., . . . Li, W. (2022). Insight into the improving
effect on multi-scale structure, physicochemical and rheology properties of granular cold water soluble
rice starch by dielectric barrier discharge cold plasma processing. Food Hydrocolloids, 130, 107732 .

[12] Jaddu, S., Abdullah, S., Dwivedi, M., & Pradhan, R. C. (2022). Multipin cold plasma electric
discharge on hydration properties of kodo millet flour: Modelling and optimization using response surface
methodology and artificial neural network—Genetic algorithm. Food Chemistry: Molecular Sciences, 5,
100132 ..

[13] Juszczak, L., Witczak, M., Ziéba, T., & Fortuna, T. (2012). Rheological behaviour of heated potato
starch dispersions. International Agrophysics, 26 .(¢)

[14] Lewandowicz, J., Le Thanh-Blicharz, J., & Szwengiel, A. (2022). The effect of chemical modification
on the rheological properties and structure of food grade modified starches. Processes, 10(5), 938 .

[15] Li, W ,.Shu, C., Zhang, P., & Shen, Q. (2011). Properties of starch separated from ten mung bean
varieties and seeds processing characteristics. Food and Bioprocess Technology, 4, 814-821 .

[16] Lii, C.-y., Liao, C.-d., Stobinski, L., & Tomasik, P. (2002). Behaviour of granular starches in low-
pressure glow plasma. Carbohydrate polymers, 49(4), 499-507 .

[17] Michel, J., Raffi, J., Saint-Lébe, L., Huchette, M., & Fleche, G. (1980). Experimental study of the
depolymerization of starch under the combined action of protons and gamma radiation. Starch-Stéirke,
32(10), 340-344 .

[18] Misra, N., Pankaj, S., Segat, A., & Ishikawa, K. (2016). Cold plasma interactions with enzymes in
foods and model systems. Trends in Food Science & Technology, 55, 39-47 .

AR



Journal Pre-proofs

[19] Navaf, M., Sunooj, K. V., Krishna, N. U., Aaliya, B., Sudheesh, C., Akhila, P. P, . . . George, J.
(2022). Effect of different hydrothermal treatments on pasting, textural, and rheological properties of
single and dual modified Corypha Umbraculifera L. starch. Starch-Stirke, 74 .X)++ YY1 (£-Y)

[20] Okyere, A. Y., Rajendran, S., & Annor, G. A. (2022). Cold plasma technologies: Their effect on starch
properties and industrial scale-up for starch modification. Current Research in Food Science, 5, 451-463 .
[21] Pankaj, S. K., Wan, Z., & Keener, K .M. (2018). Effects of cold plasma on food quality: A review.
Foods, 7(1), 4.

[22] Ranjbar Nedamani, A. (2023). Optimization of Determined Pathogenes Deactivation and
Investigating the Quality of Bottled Milk under Cold-Plasma Treatment. Research and Innovation in Food
Science and Technology, 12(3), 329-342. doi:10.22101/jrifst.2023.378738.1422

[23] Ranjbar Nedamani, A., & Hashemi, S. J. (2022). Energy consumption computing of cold plasma-
assisted drying of apple slices (Yellow Delicious) by numerical simulation .Journal of Food Process
Engineering, 45(5), €14019. doi:https://doi.org/10.1111/jfpe.14019

[24] Sabularse, V., Liuzzo, J., Rao, R., & Grodner, R. (1992). Physicochemical characteristics of brown

rice as influenced by gamma irradiation. Journal of Food Science .V £€°-Y£Y (V)oV |

[25] Sarangapani, C., Devi, Y., Thirundas, R., Annapure, U. S., & Deshmukh, R. R. (2015). Effect of low-
pressure plasma on physico-chemical properties of parboiled rice. LWT-food Science and Technology,
63(1), 452-460 .

[26] Shanbhag, C., Shenoy ,R., Shetty, P., Srinivasulu, M., & Nayak, R. (2023). Formulation and
characterization of starch-based novel biodegradable edible films for food packaging. Journal of Food
Science and Technology, 60(11), 2858-2867 .

[27]Szczesniak, A. S. (2002). Texture is a sensory property. Food quality and preference, 13(4), 215-225 .
[28] Thirumdas, R., Kadam, D., & Annapure, U. (2017). Cold plasma: An alternative technology for the
starch modification. Food biophysics, 12, 129-139 .

[29] Wongsagonsup, R., Deeyai, P., Chaiwat, W., Horrungsiwat, S., Leejariensuk, K., Suphantharika, M., .
.. Dangtip, S. (2014). Modification of tapioca starch by non-chemical route using jet atmospheric argon
plasma. Carbohydrate polymers, 102, 790-798 .

[30] Zehra, N., Ali, T. M., & Hasnain, A. (2020). Comparative study on citric acid modified instant
starches (alcoholic alkaline treated) isolated from white sorghum and corn grains. International Journal of
Biological Macromolecules, 150, 1331-1341 .

[31] Zhang, B., Chen, L., Li, X., Li, L., & Zhang, H .(Y + Y ©) .Understanding the multi-scale structure and
functional properties of starch modulated by glow-plasma: A structure-functionality relationship. Food

Hydrocolloids, 50, 228-236 .

Yy


https://doi.org/10.1111/jfpe.14019

Journal Pre-proofs

[32] Zhang, B., Xiong, S., Li, X., Li, L., Xie, F., & Chen, L. (2014). Effect of oxygen glow plasma on
supramolecular and molecular structures of starch and related mechanism. Food Hydrocolloids, 37, 69-
76.

[32] Zhang, J., Tao, L., Yang, S., Li, Y., Wu, Q., Song, S., & Yu, L. (2023). Water absorption behavior of
starch: A review of its determination methods, influencing factors, directional modification, and food
applications. Trends in Food Science & Technology, 104321 .

[33] Zia-ud-Din, Xiong, H., & Fei, P. (2017). Physical and chemical modification of starches: A review.
Critical reviews in food science and nutrition, 57(12), 2691-2705 .

[34] Zou, J.-J., Liu, C.-J., & Eliasson, B. (2004). Modification of starch by glow discharge plasma.
Carbohydrate polymers, 55(1), 23-26 .

Ye



