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Effects of Ultrasonic-assisted Treatment on Nutrition and Edible
Quality of Germinated Brown Rice

ZHU Chuang', YANG Li', XIAO Dengrong’, XIAO Bin*, NIE Pan', ZHONG Lingyue', SONG Lihua"’

(1.School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240, China;
2.Shanghai Yingfeng Wudou Ecological Agriculture Development Co., Ltd., Shanghai 202179, China)

Abstract: In present study, ultrasonic technology was applied to the processing of germinated brown rice(GBR), and the
changes of total flavonoids contents, partial primary nutrients, ultrastructure of bran and textural properties of GBR were
analyzed. The results showed that the sequence of ultrasonic-assisted treatment exhibited a certain effect on the content of
total flavonoids in germinated brown rice. It was as high as 218.17 mg/100 g under the following processing condition: The
brown rice was firstly soaked for 13 h and then treated with 160 W ultrasonic treatment for 25 min before germination
processing. Under this condition, the germination potential and germination rate of ultrasonic-assisted germinated brown
rice(GBR-U) significantly increased by 19.60%(P<0.01) and 4.66%(P<0.05) respectively compared with the GBR without
ultrasonic-assisted treatment; moreover, the contents of protein, vitamin B, and some mineral elements (potassium,
phosphorus, manganese and zinc) notably increased(P<0.05). The cortex of GBR-U was more porous, the hardness,
adhesiveness, springiness and viscosity of GBR-U showed decreasing trend, while no significant difference were observed
in thermal properties of starch gelatinization(P>0.05). The present study suggested that the ultrasonic-assisted processing
could improve the nutrition characteristics and edible quality of GBR in a certain degree.
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1.2 XWFHE
1.2.1 RZFREORATIE  FRENZEHELE . B2 ik
HEAKZY 400 g, VR T4 )5, FH 0.1% PR GEIREN R
B 15 s MR E TR, vhye T s InaiZkig, &
FEEIEFRFE . RN AR 2 h Ei—UOK, 172
WSS S BREATAE IR B T2 46 Th g & o I H A
29 °C, 13 h, 5B Fh88 5 B & 5+ 29 °C, 24 h,
ZEREFPF 2R 1 mm. WL ZFREK, S5
SEVRT Ty s, XoF R ZERE K LS 50 °C AR 1 h JE Bk,
80 H i 2 S FHRE KA o
1.2.2 A PFEAFIITIE SC8Z7% Yaldagard S50
MBS S50 263 50 SR FHRE KV 00 1T 7 A PR
R RS AP, IR TR A B E AN R R R
TR AR IE YR A, S AL, PR Al R S
12,1 PSRRI R 2ZF . RS R A PR
WIF KR 13 h JE PRSI, S T
AEE, PSRRI 1.2.1 &R A 2R,

FEFEANIRSE A a. 160 W THEE RAFHIANEE 5. 15
125 min; b. 280 W D43 740 5. 15 F1 25 min;
c. 400 W Zj3& N 43 AbFE 5. 15 F11 25 min,
1.2.3 S & e SR Guan 45U 1951k
IERksh, BT : FREL 2 g BB AR, A 10 mL
50% L EE/K WGBS $EHL 40 min, 4000 r/min 5.0
10 min JGHL 5 mL _B3EWE, IIA 2 mL =& ALRIH R
(0.1 mol/L), JZJ¥% 8 min J5FFHN 3 mL Z BREPIE MR
(1 mol/L), JH 50% L PEE/KIEEWAEZASZE 10 mL, $:5,
21 T 30 min J5 T 420 nm 7 AR I E T G RE
{H. BFEERESEL T ME8588(mg/100 g) .
1.2.4 RZFFMEZFRGIME =M Guan 51
PR, Fan AT R 2R & 2R,
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A (D
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1.3 B
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Fig.1 Effects of ultrasonic sequence on the total flavonoid
contents of GBR
T *FIR P<0.05; **3F/R P<0.01,
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EE S
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Fig.2 Changes of germination potential, germination rate(A)
and total flavonoid contents(B) of GBR-U
{E: BR: B&EK; GBR: A ZF KK ; GBR-U: 7 I B & 2P i oK
Ac SRR, **3RR P<0.01 vs GBR 415 #3871
P<0.05 vs GBR 2l ; B: & # il & 7 lL 5, **F /R P<0.01 vs
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A A, SRR IR R PR E I S B R SR R 51 -

A -G i (CHS ) 25 1 FEaR 1G5 P8 ) 41, B Ik
Ak B AT R i AR TN 24 R i 2 B (PAL) Y75 1E, PAL
SEZEHRWAG A I AR T A SR B Sk i, ELE PR i
AR e EZE) T ) A =
2.3 BEHHEINIEN L FREREREFRR S BT )
REERFN

B K ZPREASEAE SRS RN R 1 o, 5
BR ALk, GBR HEE AT . TEM AN HERG S 24k &
A R (P<0.05); JHR i & T 4 £5(P<0.05);
HEWE . 4843 B, B, M PERGE 4T 4E & i e 35
224K (P>0.05) . 15 GBR A [t, GBR-U 41 % Zf ki
KPR AT NYEAE 2 B, i) i TS 20.54%
1 110.94%(P<0.05), M4 B, FIANTEMREE
L YE 53 0K 32.40% Fl1 16.13%(P<0.05)., A
FIFFE 3, B P P AR AT DASR 5 A 2Rk ml ek i
A 2 i, 33X T B F TR s I AL FRRE AR VA A4l
e AR A o AR ST AR BRI R JR n R
PR ILRE T i, WG ) BT, T ) A3 i R A R
Jine, R PSR A A, e b iR D T
VER B IR RS RS, LR BRI & &2 T R%
TGER S BT E R hAh, 87 3 AT AR IR A0 e,
DE e B AT A B 43 fE D), T A EE A R A n] A iR
RZE, I AT LA R 2R3 RUR 2R3 N, X it
—BIGIE T _EiRET GBR-U 4 HE K & 2R % 25
HILER

A, K ZFRER T M RO ER S i s T an 2k 2

FirR. 5930, 5 BR AL, GBR 4K ZEREK 45
P& 3 TE 12.22%(P<0.05), AP & 8 3%
FEAR 7.18%(P<0.05) . 5 GBR 40K ZEBEKARLL, #8
T BN PR AT e ZERE R P L B L NS
T 43.90% . 35.91% ., 46.57% F11 35.28%(P<0.05),
TANFIAS 5351 i 2R 39.45% Tl 15.33%(P<0.05) .
KT PoeEm LAk, —Jr el G2 TR &
ZEI, RZE A KT B ) I, ) B n TV S B
F-ErEh AR BT R K A S P SRR, 15
RO SR T AED; 5 — TR B TR R i IeHL
YIS E WSS G IESATAE, BEE P AOET
KM AS BGIF S AS0Y . Ak, Rl B A P A, Hims
AAEFH B ARt n T B BETCH L RS
24 BEREINCIEN & PSR R BREHRI R

&l 3 A& ZPREKR T R TaE SR . DA 3
RT IR B, R R ZEREOR SR RO CHE BUR o As B K2
J& , RER R JZARAGRN L TR A 4 Bh A B = 2 27k
KR B A ARAS T IR, 25 B AR 5T A, 3K i
HHAE 7 I AT ARESRREK B JZ2 B AR . [RIRE, AR
FRIFANFR G FE AR, H AN LS BEREIR, ZEF5 iR
P2 HL), Yang 2606 ffF g8t K BHE 75 I r= AR il 2
AEFIH A E AR oK 3 B2 & A2 T AR R i AR
FErEA TSR, P EREK B )2 ARG iAo
2.5 BEEHEENCIERT L SRS AR

2% 3 R 2 BT & 2RO TE
FRPESSIR . 5 BR AL, &2 AT AR IR f L i e
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Table 1 Effects of ultrasonic-assisted treatment on the basic nutritional components of GBR
% BR GBR GBR-U

HH (/100 g) 10.44+0.31 9.30+0.24" 11.21+0.30""

JIBWi (/100 g) 5.54+2.29 6.47+2.25 4.81+0.18

ER (/100 g) 78.99+0.01 74.47+£1.19° 76.32+0.67
4B, (mg/kg) 4.16:0.09 3.92£0.13 2.650.29"
44 % B, (mg/kg) 0.36+0.03 0.64+0.30 1.35+0.09™
JHR (mg/kg) 14.69+0.01 74.78+9.95° 74.07£3.78"

MG AT (/100 g) 1.07+0.08 1.23+0.42 1.09+0.24
ARG BT 4 (2/100 ) 8.01+0.09 7.44+0.24° 6.24+0.30™

: BR: fifK; GBR: & £k GBR-U: 5 I B 2 2R RiOK; 7R P<0.05 vs BRAL; "7 P<0.05 vs GBRYL; #2~F4F],

2 RPN A RS M FOCR AL 1R
Table 2 Changes of mineral elements in GBR-U

43 (mg/kg) BR GBR GBR-U
il 92.95+11.50 97.37+3.65 58.96+3.41%
il 3028.39+1.63 2810.85+67.39" 4044.78+414.75™
5 379.70+8.90 426.11+10.26° 360.79+30.36"
wh 4747.59+265.43 4476.11+£122.76 6083.29+683.92"
% 38.59+0.02 35.52+1.35 52.06+4.69%
7S 18.13+0.38 17.9743.95 20.81+2.15
iz 3.56£0.15 4.00+0.48 4.51+0.22"
¥ 25.20+0.82 22.82+0.30 30.87+3.37"*
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B3 A R B A 2R R L B 1A (2000 )
Fig.3 SEM images of GBR-U (2000x)
TE: BR, BiK; GBR, & 2iREk; GBR-U, #75 Il Bh & 2Rk
F 3 EE I B AL R 2R KA Y S R

Table 3 Effects of ultrasonic-assisted treatment on the thermal properties of GBR

bl EARIESE(C) W (R (°C) LRI (C) B (/g)
BR 60.93+0.27 70.61+£0.36 77.87+0.57 6.02+0.43
GBR 55.00£0.74" 68.13£0.23" 77.22+41.12 5.61+0.40
GBR-U 57.94+3.34 68.98+0.60" 77.34+0.84 5.66+0.32
Fa LB R 2R K TR R
Table 4 Effects of ultrasonic-assisted treatment on the texture properties of GBR

205 Tl (g) A ME(gs) it (mm) FiE(g)
BR 3456.41+460.13 121.87+29.85 0.64+0.03 0.41+0.02
GBR 2787.46+418.52" 71.96+21.78 0.59+0.03 0.39£0.05
GBR-U 2469.05+604.43" 60.88+20.25" 0.57+0.06 0.3940.02

AR | WE(EIRE (P<0.05) | &1L FidSEI4G
JITREARG, 3X ] BB P S pEdy S AR BT A8 BAE ol LA
FWIATRRE TH s, iR K4 % 25 5 Deks S B AIR, 3%
H 5185 0422 TAE S, SRR Rl

55 GBR #H L, M7 05 B AN S & ZERE K16
FURCUARTR RS | WE(HYERE | ZALTREE RIS (E S B A
T, ARWLH & 2R S 8Oc R 25 5. (B
92y S, A BF 5T & B8 A5 AR B (55 °C,
16 kHz) Ji5 R ZFREAMIL PTG I RE 4 22, iX ] figj2&
PR A A A B 5 SRR N P IR A P EEFTHES ), AT
i HLAG 2 2 (W RE SR S8 AR . Bt R AR S
BT R FH A 75 5 B AL PR A A REE B, AR & 2k
KIGFATE, I A P OSRRR 2R R R A
2.6 FBEEEENANIENT & SRS K BAARI RN

JEAGSIHTEE R BN (3R 4), GBR-U ZHAUAE)E | B
F M WFERT GBR 41.(P<0.05), 3P A5G R 0 W3
2253 (P>0.05); 55 GBR ZHAH Lb, #8745 P 5l B s ki ok
A B FNZE G A AR T 11.42% Fll 15.40%; 3Pk
FIREEEIEAT R R, AW, 3 S rs sk
AT DAREARAE K (i B 00 PR FNELIEAA 0, A5
e & PR 7 I S AT ) 2 10T A= 480, TEREK R
TR H K 23 08 25 S 3 o BN ) S S8 3 RS K P
TRRAR A B 34518 SAS IS vh Tl e
AH—2K
3 i

AL ERIT T A P B AL BB AR X A2 2Rk A

R B BT RS . SRR S AL BT 5%
PR3] e ZE R oK S B IR  de AT R, SelRE R IR
#d 13 h J5HH 160 W EFTARBE 25 min, BT 5% 5
A SR F R RAE 218.17 mg/100 g AL, TEIALIR T
ZURAER, HARM R AL IRR ZERE K AE L, RO R ZF
PR ZERSI IR 19.60% I 4.66%; 5 4 5t A4k
B3R B, S IA TS, 4E2E R By AT
JRE BT ET AELI AT FITRAEATG; KM R 2 BUR R E AR, 2875
AN ZA s A ZFRER RYRERE | ZhA5 1R | s R A R 45
SRR RS B A, (R AR IR A R i R
RO WA . FIRES AR SR R S R B Ak
BRI TR 2SR TR — s R i AR B e s
PREE R ZPREK DI REE IR, Jl s e ok 200k
TR R I E A BT

S 3Lk
[1] PAJAK P, SOCHA R, GALKOWSK A D, et al. Phenolic
profile and antioxidant activity in selected seeds and sprouts[J].
Food Chemistry, 2014, 143: 300-306.
[2] CORNEJO F, CACERES P J, MARTINEZ-VILLALUENGA
C, et al. Effects of germination on the nutritive value and bioactive
compounds of brown rice breads[J]. Food Chemistry, 2015, 173:
298-304.
[3] KAMIIJAM B, BEDNARZ H, SUPWANNAPORN P, et al.
Localization of amino acids in germinated rice grain: Gamma-
aminobutyric acid and essential amino acids production appro-
ach[J]. Journal of Cereal Science, 2020, 93: 102958.
(4] 2 &, Fpsh, 3 Kix A2 BB BEREZAR TG T L



84285 % 24

A A, SRR IR R PR E I S B R SR R ©53 -

e [J). A A 55 3 i, 2018, 31(4):24-28. [WANG L, WEL' Y L,
LIU C J. Optimization on ultrasonic-assisted ethanol extraction of
flavonoids from black rice[J]. Cereal & Oil, 2018, 31(4): 24-28. |
[5] X8, A, KA, F oA B A FERAEDAARRRIY
], &smA5,2019(7): 208-212. [ WU M, QIN D, ZHANG
Q, et al. Study on different extraction process of flavonoids from red
wheat bran[J]. Food Science, 2019(7): 208-212. ]
[6] XK, KA, T, 5. v B @HACAE 5 0 46 B 42 BUL 3F
Ak ER T ¥ [J]. & &4 5, 2012, 33(8):80-84. [LIU Z C,
ZHANG L K, YU C, et al. Optimization of ultrasound-assisted
extraction of flavonoids from germinated brown rice using response
surface methodology [J]. Food Science, 2012, 33(8): 80—84. ]
(7] %% 227% 2IRR. BERRBETERLHARG S
KA L L ARACHT T [J]. % T2 X F IR, 2018, 33(5): 7-13.
[ BIAN Z X, WANG J F, WANG S M. Optimization of flavonoid
enrichment technology and germination of buckwheat seed by
ultrasonic method[J]. Journal of Anhui Polytechnic University,
2018, 33(5): 7-13.]
[8] BAm, X3k, A4, & RF AT A2 x4 R A 09 % [J].
25 T WA, 2014, 35(12):99-103. [CHENG W W, WU Y,
ZHOU T, et al. Effect of different pretreatment on the germination
of brown rice[J]. Science and Technology of Food Industry, 2014,
35(12):99-103. ]
(9] &M ABHF p-RETHREZTEAHE U] ARRHE,
2019, 48(5):42-45,51. [ NIE H. Study on the conversion of y-
aminobutyric acid content in rice sprout[J]. Grain Storage, 2019,
48(5): 42-45,51. ]
[10] TR, EER, REA, 5 RFRBHTFMREEEL
F BRER A E WS T L e mEm R T]. A Tk A,
2020, 41(4):105-113. [LEI Y, GONG Y L, DENG R Y, et al.
Optimization of ultrasonic-assisted spray humidification for
enriching bioactive substances from germinated black brown rice by
response surface method[J]. Science and Technology of Food
Industry, 2020, 41(4): 105-113. ]
[11] B i F p-RATRE RS 5 8 SRR AA
HAWH & [D]. & F: T KF,2016. [ KANG W H. Study
on the enrichment and purification of gamma amino acid in brown
rice in Xinjiang and the preparation of brown rice chewable
tablets[D]. Shihezi: Shihezi University, 2016. ]
[12] B, Bk, HER, F FAKAFRA NI I ZALS
AR ] s T kA3, 2021, 42(9): 145-153. [ YANG L,
XIAO B, XIAO D R, et al. Research on the processing technology
and quality of brown rice germinated with hydrogen-rich water[J].
Science and Technology of Food Industry, 2021, 42(9): 145-153. ]
[13] YALDAGARD M, MORTAZAVI S A, TABATABAIE F.
Application of ultrasonic waves as a priming technique for
accelerating and enhancing the germination of barley seed: Optimi-
zation of method by the Taguchi approach[J]. Journal of the
Institute of Brewing, 2008, 114: 14-21.
[ 14 ] GUAN Q, DING X W, JIANG R, et al. Effects of hydrogen-
rich water on the nutrient composition and antioxidative charac-
teristics of sprouted black barley[J]. Food Chemistry, 2019, 299:
125095.

[15] dHAREAREER LA AFER 2. GB5009.3-
2016 R de A B FARE R P K60 E [S]. b T EAFE
$ #& 4, 2016. [ National Health and Family Planning Commission
of the People ’s Republic of China. GB 5009.3-2016 National
standard for food safety determination of food moisture[S]. Beijing:
Standards Press of China, 2016. ]

[16] dHAREAEER AR AF ER 2. GB5009.5-
2016 RoZA R ZAFE R P EARGME [S]. LT ¥ EAF
B & op AL, 2016.
Commission of the People’s Republic of China. GB 5009.5-2016
National standard for food safety determination of protein in
food[S]. Beijing: Standards Press of China, 2016. ]

[17] PHEAREFBAERE A2 £ F LR 4. GB 5009.6-
2016 B & %A B ZAFE o P A e [S]. T T EARE
#h #&4t, 2016. [ National Health and Family Planning Commission
of the People ’s Republic of China. GB 5009.6-2016 National
standard for food safety. Determination of fat in food[S]. Beijing:
Standards Press of China, 2016. ]

(18] FHAREMEERZRLAMITRA£F ER 2. GB5009.9-
2016 B o2 A B ZARE o P Rp e E [S]. bR T EFAE
dh pa4t, 2016. [ National Health and Family Planning Commission
of the People ’s Republic of China. GB 5009.9-2016 National
standard for food safety .Determination of starch in food: GB
5009.9-2016[S]. Beijing: Standards Press of China, 2016. ]

[19] PRAREAEER L AR AF E T4 GB5009.84-
2016 R eeZ A B FARE R P A& B, 690 [S]. LK P
A /& # R 4L, 2016. [ National Health and Family Planning
Commission of the People’s Republic of China. GB 5009.84-2016
Determination of vitamin B, in food[S]. Beijing: Standards Press of
China, 2016. ]

[20] WHAREAEER L A2 4 F £ T2 GB 5009.85-
2016 Ron XA B FAFE Ko P YA E B, (9ME: [S]. R F
A7 £t BR 4, 2016. [ National Health and Family Planning
Commission of the People’s Republic of China. GB 5009.85-2016
National standard for food safety determination of vitamin B, in
food: GB 5009.85-2016[S]. Beijing: Standards Press of China,
2016. ]

[21] PARAREAEER L AR EE E T4 GB5009.88-
2014 R 2 AR FAFE RS PR 4 nE [S]. bR FE
A% f& B R 4, 2014. [ National Health and Family Planning
Commission of the People’s Republic of China. GB 5009.88-2014
Determination of dietary fiber in food[S]. Beijing: Standards Press
of China, 2014. ]

[22] PHREAREFBERZZAFITNEFTEZAS. GB
5009.268-2016 & £ 4 E 47 £ BT £ 4 F 602 [S]. &
T P EARME B MRAL, 2016. [ National Health and Family Planning
Commission of the People’s Republic of China. GB 5009.268-2016
National standard for food safety determination of minerals in
food[S]. Beijing: Standards Press of China, 2016. ]

[23] RAh, s, X5 R R TRA R A F AL SRR
AR T A B AR X AR ). P B 5 &R, 2011, 17(3):
36-40. [ SONG W, CHEN R, LIU L. Correlation of changes

between cooking quality and texture of brown rice under different

[ National Health and Family Planning



- 54 - £ Tl B4

2021 4F 12 A

conditions [J]. Food and Nutrition in China, 2011, 17(3): 36—40. ]
[24] W%, AR, BE4E, 5. 9k o THARAH T3 L £
Rag BT R [J]. A sk T 1k, 2020,41(7):211-215. [ YANG H,
ZHOU L, BIAN Y Y, et al. Effects of nonthermal processing
technologies on seed germination: A review on recent research
advances[J]. The Food Industry, 2020, 41(7): 211-215. ]

[25] WANG J, BIAN Z X, WANG S M, et al. Effects of
ultrasonic waves, microwaves, and thermal stress treatment on the
germination of Tartary buckwheat seeds[J]. Journal of Food Process
Engineering, 2020: e13494.

[26] GUIMARAES B, POLACHINI T C, AUGUSTO P E D, et
al. Ultrasound-assisted hydration of wheat grains at different
temperatures and power applied: Effect on acoustic field, water
absorption and germination[J].
Processing-Process Intensification, 2020, 155: 108045.

[27] MIANO A C, AUGUSTO P E D. The ultrasound assisted
hydration as an opportunity to incorporate nutrients into grains[J].
Food Research International, 2018, 106: 928—935.

[28] KIMTY,LEE ST, KIM J A, et al. Specific audible sound
waves improve flavonoid contents and antioxidative properties of
sprouts [J]. Scientia Horticulturae, 2021, 276: 109746.

[29] # &AM, S, -7, 5.4 5 BB L F AR 2 TR
Z A6y % m [J]. & A4, 2008, 29(11): 337-339. [ ZHENG Y
M, HUANG H, HUA P, et al. Effects of ultrasonic treatment on
main components of germinated brown rice[J]. Food Science,
2008,29(11): 337-339. ]

[30 ] JOERSBO M, BRUNSTED T J. Protein synthesis stimulated
in sonicated sugar beet cells and protoplasts[J]. Ultrasound in
Medicine & Biology, 1990, 16: 719-724.

[31] ikah, ZRAFEHA L IR T ETRERE iy R R
7 [D]. # M T Tk X 5, 2019. [ ZHANG R. Research on the

changes of main nutrients and functional substances during

Chemical Engineering and

germination of sesame seeds[D]. Zhengzhou: School of Food
Science and Technology, 2019. ]

[32] 4% 595 F KA RIS B RO EHESLHE
#%f [D]. 5 M: &2 T K%, 2020. [ LI X X. Effect of high
intensity ultrasonic treatment on structure and emulsification of soy
protein isolate[D]. Guangzhou: South China University of
Technology, 2020. ]

[ 33 ] SEERAT B, SUPRIYA K, BALWINDER 8, et al. Impact of

germination on phenolic composition, antioxidant properties,

antinutritional factors, mineral content and Maillard reaction
products of malted quinoa flour[J]. Food Chemistry, 2021, 346:
128915.

[34] 2%, L3l % S RAAMI M AAZBELSETR
fo w2 52 (1.4 M K F % 3, 2003(2): 72-74. [ WANG X,
WANG Y M, DONG H. Studies on the changement of mineral
elements and total sugar in legumens during sprouting period[J].
Journal of Yangzhou University, 2003(2): 72—74. ]

[35] EAGR, BAeHr, R 2, 5.4 5 R0 4 % iR A
& EFH L LMK I AR EACTE TR [T] AR5 g,
2021, 34(4): 123-128. [ WANG B L, CHEN Y X, XIE J X, et al.
Ultrasound-assisted cellulase optimization of extraction process of
total flavonoids from Fagopyrum dibotrys (D. Don) Hara and its
antioxidant activity research[J]. Cereals & Oils, 2021, 34(4):
123-128. ]

[36] YANG X, LI Y, LI S, et al. Effects of ultrasound
pretreatment with different frequencies and working modes on the
enzymolysis and the structure characterization of rice protein[J].
Ultrasonics Sonochemistry, 2017, 38: 19-28.

[37] RRR. R HF kK EREF RS LRI M Ao dn T B
#) %% [D]. 4% i d5 K5, 2013. [ WU F F. Effect of germi-
nation on nutritional components, physiological functions and pro-
cessing characteristics of brown rice[J]. Wuxi: Jiangnan University,
2013. ]

[38] CUIL, PAN Z L, YUE T L, et al. Effect of ultrasonic
treatment of brown rice at different temperatures on cooking
properties and quality [J]. Cereal Chemistry, 2010, 87(5): 403—408.

[39] e, B3, Fa ¢ BERERZHELE S LSRR A
AmAFRRANLFTRGZ ki [J]. 2% T A3, 2017,
38(10):91-95. [ TAO H, XIA Q, LI Y F. Comparative effects of
ultrasound and high hydrostatic pressure treatments on cooking
properties and antioxidant activity of brown rice[J]. Science and
Technology of Food Industry, 2017, 38(10): 91-95. ]

[40] BONTO A P, TIOZON R N, ROJVIRIYA C, et al.
Sonication increases the porosity of uncooked rice kernels affording
softer textural properties, loss of intrinsic nutrients and increased
uptake capacity during fortification[J]. Ultrasonics Sonochemistry,
2020, 68: 105234.

[41] LIS, LUO Z, GUAN X, et al. Effect of ultrasonic treatment
on the hydration and physicochemical properties of brewing rice [J].
Journal of Cereal Science, 2019, 87: 78—84.



