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Abstract: For seeking the cause of the increase in dough water absorption rate after cold plasma treatment,
this study adopted low-pressure, radiofrequency 120 W helium cold plasma (CP) to treat wheat flours from
0s to 180 s. Results showed that water absorption rate, conductivity, values of water and sucrose solvent
retention capacity (SRC), and paste breakdown value in wheat flours increased significantly with increasing CP
treatment time. To further explore the change causes in these physiochemical indexes, we developed a seven-
parameter polynomial M =A+B-t+C 4> +D-t? +E-ERH +F-ERH? +G-ERH®, (M was equilibrium
moisture (%), ERH was equilibrium relative humidity (decimal), t was temperature (°C), and A~G were
parameters. This polynomial could fit moisture sorption isotherms (20-35 °C and ERH 10%-90%) of helium
CP treated flours, and the goodness-of-fit indexes were superior to those of modified Chung-Pfost
(commonly used) and four-parameter polynomial (without temperature term) equations. The seven-parameter
polynomial equation clearly showed the hysteresis loops between moisture adsorption and desorption
isotherms of flour samples, which shifted downward with increasing temperature. The hysteresis degree
showed a parabolic shape curve with increasing ERH, and the vertex of the parabola was at the range of
40-50% ERH. CP treatment shifted the monolayer adsorption sites to multi-molecular adsorption sites ahead
of schedule, from ERH 50% to 40%. Further analysis using Dent model showed that the helium CP treatment
was able to reduce the mono-layer moisture content and spreading pressure in wheat flour, and increase the
elasticity of a capillary wall. The ability of water molecules was increased to form hydrogen bonds with the
chemical components, which promoted the uniform distribution and permeation of water molecules into flour
particles. Infrared spectral scanning showed that the degree of short-range order at the surface of starch
granules and the interaction between protein and starch tended to increase with increasing CP time. Helium cold
plasma technology has potential application in improving flour processing quality.

Key words. polynomial equilibrium moisture equation; flour; helium-cold plasma; hysteresis loop; extended
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Tablel Modelsfor fitting the moisture sorption isotherms
F AR e M = f(ERH,t)

f&1E RS Chung-Pfost MCPE M =—%ln[—%:(ERH)}

ES EATIE:N 4-para M =A+B-ERH +C-ERH? +D-ERH"®
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Notes:4-para was cited from reference[6]; Dent model comes from reference[7]; ERH was equilibrium relative humidity, decimal; M

was equilibrium moisture content (%); X,, was the monolayer water content (%); t was temperature (°C); A~D Gare the equation coefficients.
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Note: A: conductivity; B: water absorption rate; C: solvent retention capacity value; D: paste breakdown value. Different small letters indicate

significant difference.
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Fig.1 Theimprovement of physico-chemical indexesin helium CP treated wheat flours
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Fig.2 Themeasured isotherms of the control and 120W-He CP-120s treated samples and the fitted isother ms by three equations
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Table2 Fitting equation parameters and statistical parameter in MCPE and 4-parameter polynomial
Sy - iR E i geit 24
A B C D RSS SE R MRE/%
X 1R 415.963 35.661 0.194 6.503 2 0.154 8 0.9935 2.6417
He-30s 401.421 40.069 0.188 6.565 4 0.156 3 0.993 8 2.692 9
He-60s 444.029 49.178 0.186 6.418 1 0.152 8 0.994 1 2.731 4
MCPE W i} He-90s 443.407 48.978 0.185 6.342 7 0.1511 0.994 2 2.768 6
He-120s 476.203 57.871 0.185 6.553 6 0.156 1 0.994 1 2.776 6
He-150s 440.452 54.349 0.184 6.2829 0.149 6 0.994 3 2.783 1
He-180s 508.471 69.158 0.183 6.680 6 0.159 1 0.993 9 2.813 1
papitt 461.559 29.936 0.195 8.463 0 0.2015 0.9915 32521
He-30s 432.959 31.427 0.189 7.713 7 0.183 7 0.992 6 3.0879
He-60s 468.359 37.358 0.188 7.768 4 0.1851 0.992 7 3.128 3
MCPE f## He-90s 466.265 36.421 0.187 7.8215 0.186 3 0.992 7 3.1814
He-120s 485.824 41.326 0.188 8.149 9 0.194 1 0.9923 3.207 4
He-150s 466.659 41.068 0.187 7.2358 0.172°3 0.993 2 3.078 9
He-180s 512.513 48.596 0.187 8.116 2 0.1932 0.992 4 3.2476
popiist 3.402 29.657 -47.991 41.941 20.393 6 0.497 4 0.979 5 5.0177
He-30s 3.205 28.768 —46.153 41.526 18.767 3 0.4577 0.9823 5.096 0
He-60s 3.123 28.314 —44.678 40.545 15.674 8 0.3823 0.985 4 4.542 8
4-para W¢ i} He-90s 3.197 28.031 -43.571 39.791 16.085 5 0.3923 0.9853 45177
He-120s 2.904 28.507 —-44.855 40.666 13.850 1 0.337 8 0.987 3 4.259 3
He-150s 2.707 28.888 —45.401 41.009 14.710 4 0.358 8 0.986 7 4.5340
He-180s 2.529 29.274 -46.202 41.575 12.2517 0.298 8 0.988 9 3.8975
papitt 3.027 34.304 —44.193 32.412 22.755 6 0.5551 0.977 2 5.0856
He-30s 2.639 35.573 -46.797 34.488 22.9516 0.559 8 0.978 1 5.1153
He-60s 2.541 35.755 -47.035 34.695 19.568 1 0.477 3 09815 4.716 2
4-para fift He-90s 2.692 35.249 —45.809 33.969 20.5152 0.500 4 0.980 8 4.797 5
He-120s 2.397 35.942 —47.489 35.037 18.276 6 0.445 8 0.982 8 4.623 4
He-150s 2.289 35.721 -47.266 35.143 18.042 8 0.440 1 0.983 2 4.6552
He-180s 2.099 36.643 -49.247 36.372 15.996 8 0.390 2 0.985 1 4.3207
®3 tBHEMAFTEUSHARRENSEITSH
Table3 Equation parameters and statistical parameter in 7-parameter polynomial

o - -8 Ji e A RE
A B C D E F G R MRE/%
Xf HR 13.288 -1.0380 3.573E-02 —4.248E-04 31.482 -52.861  45.494 0.996 8 1.896 1
He-30s 2.583 0.2778 -1.601E-02  2.245E-04 30.183 -49.931  44.283 0.996 8 1.736 4
He-60s 1.818 0.3338 —1.733E-02  2.347E-04 29.518 -47.892 42.891 0.996 5 1.8715
M He-90s 1.276 04163 -2.078E-02  2.803E-04 29.235 -46.784  42.136 0.996 5 1.948 0
He-120s  —1.088 0.6542 -2.953E-02  3.860E-04 29.489 -47.479  42.581 0.996 4 2.0216
He-150s  —0.983 0.628 1 -2.888E-02  3.812E-04 29.950 -48.238  43.079 0.996 6 2.078 9
He-180s  —2.304 0.7348 -3.193E-02  4.097E-04 30.079 -48.353  43.146 0.996 3 2.2057
popilst 9.651 -0.6179 1.901E-02 -2.153E-04 36.099 -48.985  35.908 0.9959 1.7359
He-30s 2.779 0.1731 -1.101E-02 1.459E-04 37.086 -50.835  37.436 0.996 1 1.601 8
He-60s 1.322 0.3163 —1.582E-02 1.998E-04 37.051 -50.498  37.223 0.996 3 1.6149
fite % He-90s 1.805 0.2833  —1.484E-02 1.908E-04 36.599 -49.414  36.601 0.996 1 1.682 1
He-120s  —7.845E-03 0.4447 -2.017E-02  2.477E-04 37.085 -50.545  37.268 0.996 1 1.662 9
He-150s 1.18 0.2991 -1.521E-02 1.951E-04 36.965 -50.588  37.568 0.996 2 1.643 3
He-180s -1.074 0.5199 -2.254E-02  2.735E-04 37.619 -51.854  38.276 0.996 1 1.703 1




?ﬁ IGHEEEE

SCIENCE AND TECHNOLOGY OF CEREALS, OILS AND FOODS

RENL

325 2024 F E3H

x4 FERUSHREHF
Table4 Theorder of fitting equations

It 311 RSS SE R MRE/% H¥
MCPE W B 6.478 1£0.138 4 0.154 3+0.003 3 0.994 1+0.000 3 2.743 9£0.059 § 2
i 7.895 5+0.392 7 0.188 1£0.009 3 0.992 5+0.000 5 3.169 1£0.072 1 2
4-para W 15.961 9+2.810 7 0.389 3+0.068 6 0.985 10.003 2 4,552 120.414 1 3
23 19.729 5£2.551 8 0.481 2+0.062 2 0.981 2+0.002 8 4.759 1+0.276 3 3
7-para Ui 3.708 8+0.316 5 0.098 6£0.009 3 0.996 60.000 2 1.965 4+0.152 8 1
i 4.146 3+0.133 3 0.109 1£0.003 5 0.996 1+0.000 1 1.663 4+0.047 8 1
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Fig.3 Thehysteresis curves of CK and CP120s treated samples by fitted by equations
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Table5 Dent model parametersand statistical parametersfor the EMC data of wheat flour samples

Dent 71 RS
W 5 25 A FE i
Xm/% A B R MRE/%
X} 1 7.677 25.764 0.725 0.979 1 5.047 5
He-30s 7.472 23.382 0.739 0.982 5 5.087 7
He-60s 7.443 21.834 0.742 0.985 7 45293
2 i He-90s 7.534 21.492 0.741 0.985 6 4.483 5
He-120s 7.355 20.092 0.745 0.987 6 42322
He-150s 7.312 18.575 0.747 0.987 1 4.493 7
He-180s 7.242 17.626 0.751 0.989 4 3.8722
popi] 10.181 11.930 0.609 0.976 6 5.1147
He-30s 10.067 11.083 0.619 0.977 6 5.136 3
He-60s 10.052 10.784 0.621 0.980 9 4708 8
i He-90s 10.109 11.037 0.622 0.980 4 47777
He-120s 9.973 10.478 0.623 0.982 2 45826
He-150s 9.835 10.265 0.629 0.982 7 4.629 9
He-180s 9.814 9.971 0.629 0.984 4 43146
L A
0.18 20 °C-W [t 0.14 1 20 °C-1 fff
0.16 | - -+~ -30 C-IHt - ola L 30 CH
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< 012} 2 =
o Z g
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B 008t B
L 0.04 -
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fE: A: CKHRAh; B: CP120s #Efil .
Note: A: CK-sample; B: CP120s-sample.
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Fig.4 Spreading pressure sorption isotherms for wheat flours
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Fig.5 Theinfrared spectral scanning analysis of helium CP treated wheat flours
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