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Fig.1 Freezing curve of glutinous rice balls under

different magnetic field strength assisted freezing
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Fig.2 Effect of different magnetic field strength

assisted freezing on water loss rate of Tangyuan dough
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Table 1 Effect of different magnetic field strength
assisted freezing on the chromaticity
of Tangyuan dough

VN 5 B 4 R
0 Gs 82.96 £0.80" 2.14 £0.53* 15.13+0.62*
8 Gs 84.05+1.80" 1.10+0.46" 15.82+1.25
16 Gs 84.74 £ 047" 1.23+£0.43" 14.38 £0.08"
24 Gs 85.97 £0.58* 1.26 +0.16" 15.30 £ 0.62*
32 Gs 84.49 £0.29* 1.44+£038" 15.56+0.41*

TE - B R T B B o 22 ) 51 50 B 10 )i 8 B R T 152 W
1 22 S P 1 3 (P<0.05) o

®2 AEHWHEEBDFLEZEMERTBELE
I 5%
Table 2 Effect of different magnetic field strength assisted

freezing on light transmittance of Tangyuan dumpling soup

RN & HEI%
0 Gs 22.25 £1.20°
8 Gs 25.43 +£2.03
16 Gs 25.57 +1.76
24 Gs 2497 £ 047
32 Gs 25.23 +0.46°

TE B R TP S (b vl 22 TR) 90 B (B A J5 40 5 B AN ) 50 )
Fi 14 22 4 B (P<0.05)

T 7 588 1) B N 3 T 3 D 2R S S T I BRI Y
B UNINRE B B VR 45 )5 5 0 BR A T 22
o AT R # G A h 22.25%3 N3] 16Gs
T W 25.57% BRI T 14.92% ., KB E
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Table 3 Effect of different magnetic field strength assisted freezing on texture characteristics of Tangyuan powder

VN JE F A OF Xe o 2 eH 7§
0Gs 298.14 +22.00° 190.53 + 15.04* 0.64 = 0.00° 0.29 = 0.01° 129.84 + 13.65"
8 Gs 285.94 +21.18* 189.89 + 16.03* 0.66 = 0.01° 0.28 = 0.01° 142.61 + 19.38"
16 Gs 265.80 + 9.05" 174.74 + 8.50" 0.66 = 0.01* 0.28 + 0.00 123.24 + 8.36"
24 Gs 263.14 £9.93" 171.70 £ 7.21° 0.65 = 0.01° 0.29 £ 0.01* 121.33 £ 10.57*
32 Gs 271.64 £ 12.40 177.29 £9.61* 0.65 £ 0.01* 0.29 £ 0.01* 125.77 £ 9.76

T BRI S (B bR v 22 | RSB A9 ) 28 B AN [ 58 W 5000 1) 22 5 1 B2 25 (P<0.05)

2.6 3% % Bh % 45 Xt i (B 49 R4 1 B U RE
M 4 AT, 0] B2 R LA, S N 37 %l 1

VRES J W LR R IR 2 A M B X B 2 ol

Az (R RO A G 45 45 4 AR 2 (8] 35 A7 15 22 S5 o

VAR [R] A HF IR S S 22 S WS NG 5l B
R 2E I W EDRG BEAE 24 Gs BH 4R E T 7.81%, i ff
PR T 12.42%, MIAEISIN T 3.93%,

TEA AL B ST, 2 T A UREAE 7K AR

R4 TERSEEH B RS F BN E ML

Table 4 Effects of different magnetic field intensities on gelatinization characteristics of Tangyuan powder

% WAl R/ RAKFE B/ A AR/ R FEE] =) A AE/ S { B 1)/ MR B/
N mPa-s mPa-s mPa-s mPa-s mPa-s min C
0Gs 224033 113733 1103.00 = 1509.33 + 372.00 = 3.96 + 68.57 £
21.73¢ 5.13¢ 26.85¢ 3.79¢ 6.08" 0.08* 0.06"
2332.67 £ 117133 116133 1535.67 = 364.33 + 3.96 + 68.82 +
8 0s 28.04" 4.73° 25.32" 2.31" 2.52% 0.04° 0.51®
2274.00 £ 1168.00 = 1 106.00 = 1526.50 = 358.50 = 3.97 = 69.35 +
166 29.70¢ 9.90® 19.80¢ 6.36" 3.54¢ 0.05* 0.07°
24 Ge 241533 = 117533 1 240.00 = 1562.00 + 386.67 + 393 + 68.53 £
4.73° 6.35° 10.15° 8.72* 2.52* 0.00* 0.08"
32 Ge 2212.00 = 1 149.00 = 1 063.00 = 1513.50 = 364.50 + 4.00 £ 69.35 £
15.56¢ 5.66" 9.90° 6.36¢ 0.71% 0.00* 0.14*

VI < BOELR S P (b o 22, (6] 91 BAC(EL B9 287 BE AN T 150 D 800 19 22 5 1 X 3% (P<0.05)
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Fig.3 Effect of different magnetic field strength assisted

freezing on the freezing water content of glutinous rice balls
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Fig.4 Water migration of Tangyuan dough with different magnetic field strength
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Effect of Magnetic Field Assisted Freezing on the Quality of Glutinous Rice Balls

Pan Zhili"?*?, Shen Jiajin', Lei Mengmeng'?, Ai Zhilu'??, Yang Lianzhi*, Huang Zhongmin'**
(‘College of Food Science and Technology, Henan Agricultural University, Zhengzhou 450002
’National Research and Development Center of Quick Frozen Rice Products Processing Technology, Zhengzhou 450002
*Henan Provincial Cold Chain Food Engineering Technology Research Center, Zhengzhou 450002
‘Henan Jingdu Smile Food Co., Lid., Xinxiang 453000, Henan)

Abstract Objective: in order to explore the effect of magnetic field assisted freezing on the quality of glutinous rice
balls, to develop a new type of auxiliary freezing method for rice flour products, and to study the effect of auxiliary
freezing on the quality of glutinous rice balls under different magnetic field intensities. Methods: the method of plate
freezing and magnetic field assisted freezing was used in this study. The freezing rate, water loss rate, chromaticity, tex-
ture characteristics, gelatinization characteristics, freezing water content and water binding state of Tangyuan powder were
measured to reveal the influence of magnetic field assisted freezing on its quality change. The results showed that com-
pared with the control group, there were significant differences in the freezing rate, water loss rate, chromaticity, texture
characteristics, gelatinization characteristics and freezing water content of Tangyuan powder after magnetic field assisted
freezing (P<0.05). It was found that the freezing rate of Tangyuan powder frozen by magnetic field was accelerated at 24
Gs, and the time of entering the maximum ice crystal formation zone was advanced by 4 min, making the ice crystal
volume smaller; The water loss rate decreased by 37.57% , the brightness increased by 3.63% , the transmittance in-
creased by 14.92% and the hardness decreased by 11.74%. From the water binding state, the frozen water content of
Tangyuan powder was significantly lower than that of the control group, and decreased by 11.64% at 24 Gs; However,
after the magnetic field assisted freezing, the peak viscosity of the dumplings increased by 7.81% and the retrogradation
value increased by 3.93%; There was no significant difference in water binding state. Conclusion: when the magnetic
field strength is 24 Gs, the frozen quality of Tangyuan powder is the best, which can obviously improve the quality in-
dexes of Tangyuan powder, such as water loss rate, chroma, hardness and frozen water content, and provide a theoreti-
cal reference for the development of magnetic field assisted freezing on rice flour products in the future.

Keywords magnetic field; glutinous rice balls; water binding state; quality change



