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Effect of Microwave Reheating on the Quality and Flavor
Compounds of Frozen Rice Balls

HUANG Yuying', CHEN Zhihan', JIN Weiping'?, SHEN Wangyang'?, ZHANG Hongjian®, JIA Xiwu'*'

(1.College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430048, China;
2.Key Laboratory of the Deep Processing of Bulk Grain and Oil Authorized by Ministry of Education,
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Abstract: To investigate the effects of microwave reheating on the quality and flavor components of rice balls, low-field
nuclear magnetic resonance (LF-NMR), texture analyzer, X-ray diffractometer (XRD), fourier transform infrared spec-
troscopy (FTIR), and gas chromatography-ion mobility spectrometry (GC-IMS) were employed to analyze changes in
physicochemical properties, microstructure, and volatile compounds under different microwave power levels (140, 280,
420, 560, and 700 W). The results indicated that temperature uniformity varied across different parts of the rice balls as mi-

crowave power increased. The most uniform heating was achieved at 420 W, with the lowest temperature uniformity coeffi-
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cient of 0.013. Microwave reheating also affected water distribution: The free water content decreased in the inner layer but

increased in the outer layer. At 560 W, the differences in hardness and chewiness between the inner and outer layers were

minimized, with values of 2.92 N and 16.09 mJ, respectively. Compared to frozen rice balls, reheated samples showed in-

creased starch ordering, disruption of B-type crystal structures, and reduced crystallinity. As microwave power increased,

the crystallinity of starch in the outer layer increased, while no significant change was observed in the inner layer (P>0.05).

Short-range molecular order decreased only at higher power levels. Among all tested conditions, rice balls reheated at

560 W exhibited the smallest difference in flavor concentration between the inner and outer layers. In conclusion, the opti-

mal reheating conditions for frozen rice balls are a microwave power of 560 W and a reheating time of 110 s.

Key words: rice balls; refrigeration; starch microstructure; physical and chemical properties; microwave reheating
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Fig.1 Sample point patterns of rice ball
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Table 1 Reheating time corresponding to microwave
reheating power
B TFR(W) TR (s)
140 480
280 240
420 150
560 110
700 90
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Fig.2 Changes of temperature and COV in different parts
of rice ball under different microwave power
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Fig.3 Distribution of transverse relaxation time (T,)

of the inner and outer layers of rice ball under
different microwave power
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Table 2  Effects of different microwave power on the water distribution in the inner and outer layers of rice ball
FES e T,,(ms) T,,(ms) Ty3(ms) Ay (%) Ay (%) Ay (%)
o HhZE 0.140.02° 1.75+0.00° 37.65£0.00° 4.47+0.41° 13.59+0.30° 81.94+0.19°
BRI -
W 0.17+0.04° 1.750.00° 37.65+0.00™ 3.49+0.41° 15.01+0.47® 81.50+0.09%
HhZE 0.14+0.02° 1.75£0.00° 43.29+0.00° 4.82+0.37° 12.9240.20° 82.24+0.21°
140 W
W 0.14+0.02° 1.750.00° 37.65+0.00® 4.50+0.64" 13.94+0.63° 81.56+0.18°
HNZE 0.14+0.04° 1.750.00° 43.29+0.00°" 4.36+0.55 13.26+0.53 82.3840.03"
280 W . . .
W2 0.14+0.02° 1.75+0.00° 41.4143.26 4.83+0.36™ 13.95+0.31° 81.22+0.10
HNE 0.14+0.02° 1.84+0.15% 43.29+0.00° 4.09+0.54* 13.33+0.71° 82.57+0.17°
420W . . .
W2 0.14+0.02° 1.60+0.13* 37.65+0.00" 3.6120.58" 15.58+0.57 80.82+0.01°
HNE 0.160.03* 1.75+0.00° 43.2940.00 3.77£0.71° 13.30+0.72° 82.93+0.20°
560 W . . .
W2 0.15+0.03" 1.60+0.13* 36.01+2.83° 4.76+0.85™ 14.93+0.94° 80.31+0.10
00w ShE 0.16=0.00° 1.920.15 43.2940.00° 3.84+0.65" 12.8740.53" 83.28+0.12°
N2 0.15+0.02° 1.60+0.13* 34.38+2.83° 4.92+0.85° 15.31+1.08 79.7740.33°
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90.07 mJ ¥4 K F] 90.98., 107.07 mJ. &3 I574ERY 5m
AR O AR B R Sk, & AR T 257102
B el -ZE VR IS R NR S A /K ER, AT S e
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Table 3  Effects of different microwave power on the texture
of the inner and outer layers of rice ball

i oo I )
(N'mm)

) ANZ 80.2042.29° 14.63+3.69° 3.52+0.12°  82.41+2.96™

WJZ  80.74+2.56" 19.36+1.91° 3.544+0.13° 85.62+4.91°

ANZ 81.49+1.35° 18.06+1.29° 3.38+0.04°  75.83+0.50°

140 W
MNJZ  84.11£0.18° 19.03+0.20° 3.53+0.17° 90.07+9.54
ANZ 87.83+2.77° 17.19+2.82° 3.42+0.06° 84.33+3.57™
280 W ) ) ) .
NZ  92.69+£2.25° 17.64£0.65" 3.62+0.01° 102.45+6.60"
SN2 90.01£1.57% 1537+1.04° 3.47+0.04° 88.65+3.35™
420 W : ) .
NZ 94.93+1.17° 18.55+1.88" 3.68+0.14° 107.11=13.05°
SNE 92.004£2.00° 16.51£1.06° 3.45+0.04°  90.98+2.51°
560 W i ) ) .
N2 94.95+0.74° 19.61£1.50" 3.64+0.22° 107.07+15.00
SNE 90.91+0.68% 18.91+£2.13% 3.22+0.14*  82.44+8.18%
700 W

MJZ  93.83+0.99° 23.74+1.47° 3.55£0.06° 106.47+3.68"

SR, AT LSS S Z AR .

TRl 5 AL PR PITAT R s P92 NS 2 ARG B4 TG
2R (P>0.05), MIRERE . st FIRH @R 2 B S
Py IR (P<0.05), HNZRAYNE TAMNZ . Xl
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Fig.4 Fourier transform infrared spectroscopy and
deconvolution patterns of the inner and outer layers
of rice ball under different microwave power
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Table 4 Effects of different microwave power on the short-
range order of the inner and outer layers of rice ball

- Ao o % Ripa9/1022
FE T (W) e e

B R A - 0.91+0.01° 0.91+0.01°
BEHRIR A - 0.93+0.02° 0.94+0.01°
140 1.040.00° 1.03+0.00°

280 1.0440.00° 1.090.00"

Vo UR-tH0 R A 420 1.05+0.04¢ 0.99:£0.00°
560 1.04+0.01° 1.00+0.00°

700 0.97£0.00 1.01£0.00°
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g &I, eSS Sh X A P a5 A HES SN
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HSH PR MRS A 1.25% 152 2.08%.
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Fig.5 X-ray diffraction patterns of the inner and outer layers
of rice ball under different microwave power
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Table 5 Effects of different microwave power on the relative
crystallinity of the inner and outer layers of rice ball

oy - AHXTES R (%)
nn 1) B
SN2 NZ
Bey 3| - 6.23+0.05" 5.28+0.29°
BRI A - 6.81+0.11° 5.98+0.18°
140 6.44+0.10® 5.68+0.11%
280 6.55+0.13% 5.57+0.19%
Vo UR-tc R A 420 6.51+0.02" 5.59+0.13%
560 6.59+0.07% 5.66+0.23%
700 6.64+0.18" 5.50+0.20%
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Fig.6 GC-IMS fingerprints of the inner and outer layers of rice
ball under different microwave power
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Table 6 Qualitative analysis of volatile components of rice ball
I g5 AR CASH PR T REEE REREG)  EREEE (ms) KA
1 IEC R C111273  CH,0 1022 900 410.787 1.3266 RFAHEK
2 J2-2-C-1-B% 2305217 CgHpO 1002 867 351.546 1.1839 SRELH A Ak
3 Tl 470826  C,H;s0 1543 1026.6 682.498 1.2902 [N N TS
. 4 I-F5-3- 3391864 CgH (O 1282 996.4 630.151 1.1531 B | FACH | BORAT AR
5 2-ZF O C104767  C¢H,;0 130.2 1015.2 662.205 1.8061 Bl
6 1- B C71410 CsH,,0 88.1 744.7 180.401 1.5131 AREEIM A
7 Ty C78706  C;H; ;0 1543 1110.7 852.263 1.2257 SR UR
8 -3 2 s 928961 CH,0 1002 895.5 402.776 1.2289 SR SR AT A AR
9 T C124196  CgH,O 1422 1106.8 843.462 1.4748 SRENIN AR TR AR A Ok
10 EC 66251 CeH,0 1002 788.8 241.45 1.253 LLaUS
” 11 2R C100527  C;HO 106.1 968 555.512 1.1494 A Ak B R SR A
12 TR C110623  CsH,0 86.1 698.9 131.984 1.181 KR | R
13 1B C124130  CgH,O 1282 999.3 634.924 1.4048 SRENA KR AR
14 T C123728  C,HO 72.1 595 62.559 1.2912 T S
15 CRRAMR C626777 CoH; 0, 1582 1059.5 744.358 1.4042 WEAIR
it 16 LR FTR C108214  CsH,,0,  102.1 647.7 91.516 1.1626 FAUAR IR D5 SR
17 LR T C141786  C,Hg0, 88.1 581.7 56.855 1.3385 IKRFFER
18 2-BE Cc110430 C,H,0 1142 895.3 402.408 1.2591 FLTFIR
19 2-CL il C591786  C¢Hj,0 1002 777.6 225.836 1.1824 PUS
20 5-T-fil 502567 CoH O 1422 1080.7 787.391 1.3392 FERRA IR
il 21 2,3-I i Cc600146  CsHO,  100.1 688.6 122.971 1.2992 Wi, fabE R
22 2-TH (78933 C,H0 72.1 591.3 60.93 1.2506 A FE R
23 2,3-T 431038  C,H0, 86.1 582.6 57.214 1.1824 LRSS
24 KR 3658773  CgHgO;  128.1 1093.6 814.68 1.2063 AR SR AN SR ok
MEE 25 2-FBLnik C109080  CsHgN, 94.1 789.2 241.933 1.3954 S N £ N N SiUS
26 2-JRM 80568 CioHy6 136.2 967.2 553.585 1.2217 FATERAAT 1R
Brk 27 LA C138863  C,oHyg 136.2 1042.8 712225 1.2811 Pk
28 1,2-—F% C95476 CgHyq 106.2 924.5 457.939 1.074 FFEEIR

T KRR YR T K356 http://www.perflavory.com/search.php.
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