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Change of water state in the process of freeze-thaw in rice by low field
nuclear magnetic resonance
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(Suzhou Academy of Agricultural Science, Suzhou 215155, China)

ABSTRACT: Objective To determine the meaning of rice inversion peak and the rule of water migration in the
process of rice freezing and thawing. Methods With japonica rice (Suxiangjing 100) from Suzhou as object, the
effect of different sample temperature (-30, —18, 0, 4, 10, 15, 20 °C) on relaxation time, peak area and peak area ratio
was studied by low field nuclear magnetic resonance (LF-NMR), then the effect of temperature change on the
moisture state of rice during freezing-thawing was studied. Results The bound water and free water in rice could be
transformed into each other under given conditions during freezing and thawing. During cooling, the bound water
content of rice decreased first, then increased, and decreased finally. During heating, the bound water content of rice
increased gradually, and the free water content of rice was the lowest at 15 °C. Conclusion 15 °C is suitable for rice
storage, and frozen rice is suitable for long-term storage and thawed before cooking.
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Fig.1 T inversion of rice at normal temperature

I 1 ArgnL, Rl—Hk, BT AR R RORER e F R
T AR, P TE S50 5 R R LK ] — ek i Rk
YERFATRESEA TIFST o B R T SR IR R st B B 4ot
S S B 2 A, TR EE 2 RO RDIRZAS HK, A [l
XN SRS ] T fH/NEIR AN Toyy Taa, To RN AU
A HNICH Aoy Are Toi(0.1~5 ms)RIREEGIK, X
IKEEW R TG, shImEmEsN, Hisddhiig
PIBER BN R, ShIRES RIS Tha(50~1000 ms)FEm H H
K, HIKAYF B stk HLA R, 38 SR R S e, b
BRI, Ty dh R R 2R A T BUE L T 2R A o, B



5 20 3]

FEIEEE, 55 TR EREIHR RO IR IR fe ok 7 RS2 1 6851

K3 U0 A [ g o A B 0 T BB 40 T R
ARTRPIR AR b KA AT F 2, 1 Ay KT Ay,
VLK K FBZ DL BOKTE S AL, 456 /K I L)
B RK B AKER 98.5%A 4, HEKEH 1.5%AH,
32 BKEEER

AH RS DU 2 50T ARG LR A5 5 18 5 R K Y A
IE b, 38 R X —2H 0 K B AR HERE Sl i, $A
H—4 KB SRR S 20 H 2, Fmlaee s s
BIfE 5 = A RRZR R mT LISk AR S BT Sk i, K
TS S IR B EAR N 2 s LA I ZR R Y=121730X,
17=0.9996, KKK -G EE R IR 1, ik 1A,
KK AREAE 143% 4, HAFFTHT

60000

50000

= 40000 | /////////
oE -
= 30000 - ,/////

i -
20000 - ////////
10000 | -
0 1 1 1 1 I
0.0 0.1 02 0.3 0.4 0.5
Kit/g

B2 K-S IR E AR
Fig.2 Calibration of water and LF-NMR signal amplitude
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Table 1 Calculation results of water and LF-NMR signal amplitude (n=3)

G55 {5 I kiitlg K% g fK fr kg K g
1 27964.917 0.230 0.226 0.004
2 27978.442 0.230 0.227 0.003
3 27913.068 0.229 0.226 0.003
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Fig.3 T inversion of rice at cooling process
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Table 2 T, spectrum inversion of rice at cooling process
GETE A= W FF5 W2 S T [R] /ms WA T 553 B 1] /ms W55 AU 7] /ms WA TR JsY TR
1 0.172 1.589 4.501 27519.042
20 °C 27964.918
2 72.326 155.223 382.749 445.876
1 0.161 1.482 4.199 26623.996
15 °C 27005.615
2 51.114 95.477 178.343 381.619
1 0.227 1.383 3.917 26160.192
10 °C 26571.667
2 44.488 89.074 155.223 411.475
1 0.140 1.123 3.181 27374.904
4°C 27873.034
2 33.701 67.475 117.585 498.130
1 0.114 1.047 3.181 27652.990
0°C 28121.029
2 38.720 77.526 144.812 468.039
1 0.010 0.455 1.703 24287.893
_18°C 24524718
2 10.353 22.219 31.440 236.825
1 0.010 0.280 1.0470 21295.688 21295.688
-30°C
2 _ _ _ _ _
#®3 KKARTE LAGERGE
Table 3 T, spectrum inversion of rice at heating process
GETE e W Fr-5 R IR I TR] ¢/ms WA I IR R] ¢/ms W25 LN B] t/ms W TR I TR
1 0.01 0.28 1.047 21295.688 21295.688
-30°C
2 _ _ _ _ _
1 0.01 0.396 1.703 22096.449
—-18°C 22415.832
2 7.317 16.832 25.529 319.383
1 0.161 1.047 3.409 21930.987
0°C 22548.389
2 25.529 58.728 126.038 617.402
1 0.185 1.203 3.409 22315.085
4°C 22889.897
2 44.488 95.477 235.429 574.812
1 0.122 1.29 3.917 23992.406
10 °C 24618.64
2 27.364 67.475 144.812 626.234
1 0.13 1.482 4.501 24382.124
15°C 24871.571
2 47.686 95.477 178.343 489.447
1 0.227 1.589 4.501 24783.43
20 °C 25255.741
2 44.488 95.477 178.343 472.311
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Fig.4 T, inversion of rice at heating process

4 FR5Te

FOKFEIRIS, RIRBIR T JOK AP IREIR A TE by i, 1
A HEVEAD 43 2 I s e B 25 5 1, ik i S B0
BRI KT IS, BTGk & B ik, H
TE 4.0 CCHIREE BRI BT e %, ATRER N T HCAMIGEL,
KA B K S G R IEAT T 564, 24 B2 4R L AR,
FHKEE VK, 255K & RIEm kS k. Fhidid b, &€
¥ 315001 Z 1A R AR, Sk 215K 01 Z IR
FIEAE I, Br LSS oK & BOg Wit e ok i
A Kl TR sh P, sz RS N B ECR, Bl
TE R Rl A v 23 AR B B 1 e 8 . EFEIETRIX, Toig
Rt B R R, 15 °CH F HK SRR, B
K AR RN IR E S 5 A A A S I R, RORAE
G SR, X L AT LK 3 ) A R SRR R R ROK I
JEAE 15 )CAA BRI o fETGR X, KOKRB KR E 2T
12%, XK & BERRORE Z MR, D RO Kl 7
R K Ao P A0 ] B KR A, T AR T A
TR A B AN R, RS 2 ] B, R KR IR AR 1Y
EEBBEHA, KRR KS 15" K 22, 2 3
SRR A 22 DR S R e, RIOFAEI G, ol T
YERFIORBWR AT, 2L S Ve VR O 2RI THR, el
PEAT AR ARV R EA T 2538 (X AR R AR 1 AT A%
VR B RO S FL R0, RO ROR ™ A T B, ORRLTER
K2z A FE AR T Y, DT A5 K 2 H ke 14 S 0O 200 T

AMEFE IAEAR A B0 5, LIRS AZ REIL IR BEAR
SN B, BRI HT T OROK R Rl AR R K e RS AR A,
filp TR T OROK B 3 e 114 35 SCLL BRIy R ML . 25 SRR W
TEFMAAET, JOKH EZOK RN LG K (98.5%) . H
HI7K(1.5%), HE5GKS A BKTEGRR S R b2 m i — &
R 15 °CEAIOK R A HK & AR, EHROk
FIERE; 0 CCLLR KOKIE & KM Rl 0585, 7 B8 0K

WRNZ A SRR e FEEA T 2838 . TSP B R TR
KA BE M RIThE, LU — 2tk 5
TR ETWR Ak AR SEPE RIS, T T R ROK b P 5 7
Pefit—E mdE T

SE B

[1] Levine H, Slade L. Water relationships in food-advances in the 1980s and
trends in the 1990s [M]. New York: Plenum Press, 1991.

[2] i, BE, BHE. KORAKS SR BURGHEOC R BT[], A
S5k Tk, 2007, (5): 3-4.

Ma T, Mao C, Zhao K. Study on the relation between rice moisture and
taste quality and storage [J]. Cere Feed Ind, 2007, (5): 3-4.

[3] XUBE, ke, K4, & S TARMAZRE AN 22 Rt PR (4 1] 2% i K

SRRASBIELT]. Ak TRE2EHR, 2015, 31(9): 288-294.
Liu R, Wu L, Zhang YQ, et al. Water state and distribution in noodle
dough using low-field nuclear magnetic resonance and differential
scanning calorimetric [J]. Trans Chin Soc Agric Eng, 2015, 31(9):
288-294.

[4] Jel], TKICBE, AR, % AETRIGMREIHAREAR A RS S 2

IKAF B R A (). B S HLIR, 2019, 35(2): 21-26, 106.
Long M, Zhang WH, Zheng SL, et al. Study on changes of gel moisture
characteristic and texture properties of duck eggs during salting period by
low-field nuclear magnetic resonance [J]. Food Mach, 2019, 35(2): 21-26,
106.

[5] SK#L. J>TiLReNS & i IR R R AL Y D). Tosh: VIR
2, 2014.

Zhang L. Effect of molecular migration on the hardening of high-protein
food systems [D]. Wuxi: Jiangnan University, 2014.

(6] FL¥&, f¥fity, Sk, . FORAHMES BRI R AR LB TE[). £ b
FHL, 2009, 34(6): 146-150
Kong L, Bao QB, Sun X, et al. Comparative study of physical and
chemical indexes in storage quality of rice [J]. Food Sci Technol, 2009,
34(6): 146-150.

(7] 4%, SRoRik, HERBL 4. FUTHRA BRI TS E0 S 3 P £

IKVERFEIALT]. Ak TRE2E4R, 2012, 28(23): 243-249.
Li C, Zhang LD, Ren FZ, et al. Study on different chilling factors
influencing water-holding capacity of porkbased on low-field nuclear
magnetic resonance (LF-NMR) [J]. Trans Chin Soc Agric Eng, 2012,
28(23): 243-249.

[8] 3, MMz, TJF, & ARG o Tl A f
AR )]. AR 2 2B A4, 2019, 40(4): 253-256.

Li S, Zhang KY, Wang D, et al. Effect of various amount of brewer's lees
on the quality of ductile biscuits during storage time [J]. J Jilin Med Univ,
2019, 40(4): 253-256.

[9] Marques JPM, Rutledge DN , Ducauze CJ. Low resolution pulse nuclear
magnetic resonance study of water equilibration in dried carrots [J]. Sci
Des Aliments, 1991, 26(2): 173-183.

[10] sREBIE. BREIR B AR B ARTE £ i B4 R I BTSE (D). /A
M E R, 2007.
Zhang JS. NMR and MRI techniques application in food science [D].
Nanchang: Nanchang University, 2017.

[11] JuBlg, ¥R, TKakfh, 5. RRAIRER S5 E S SRS
NMR T s B [E 4347 [I]. &b Tolk, 2016, 37(1): 72-75.



6854

B dn 2 4 R R I A 4R

%510 &

[13]

[14]

[15]

Fan MM, Jiang AM, Zhang XW, et al. Low filed NMR 7, transverse
relaxation spectrum of different alkali treatments egg white and yolk gels
[J]. Food Ind, 2016, 37(1): 72-75.

dkakih, BURAR, WAL, S5 TIRAHREA TS MR TR
PIEK I AEAR[T] A0k TR0, 2012, 28(22): 282-287.

Zhang XK, Zhu SS, Huang JH, et al. Analysis on internal moisture
changes of carrot slices during drying process using low-field NMR [J].
Trans Chin Soc Agric Eng, 2012, 28(22): 282-287.

W, 4B, TRk, SF. IR TR RERT SR A R/ A i AR K
G353 ABALLT]. Hr RN AEAR, 2016, 31(12): 6-11.

Yang HP, Li DK, Qiao L, et al. The change of water distribution in the
process of adsorption/desorption in japonica by LF-NMR [J]. J Chin Cere
Oils Ass, 2016, 31(12): 6-11.

FENEE. ARG R AREEHCRIE R[], ISR, 2014, (3):
20-22.

Tang WM. Study on the relation between rice moisture and taste and
preservation [J]. Cere Oils, 2014, (3): 20-22.

22, B, TRT, B URBIAEERAL BN R BEI A AL A BT
[7]. &iRHE, 2010, 35(2): 177-182.

Wang L, Cheng W, Qiao Y, et al. The effect of repeated freeze-thaw
treatments on microstructure and physicochemical properties of various

starch gels [J]. Food Sci Technol, 2010, 35(2): 177-182.

[16]

A, B, SRUbME, SF VRRMRPR AL FORVER BRI A KL
AR [T]. BCE SRR, 2017, 33(2): 187-195.

Gao JM, Huang Q, Guo HM, et al. Effect of freeze-thawing cycles on the
physicochemical properties of corn starch gels and granules [J]. Mod Food

Sci Technol, 2017, 33(2): 187-195.
CGriEs#: THH)

EE &N

ERIE, WEMRE, TEMRAE
ARFERICEML .

E-mail: suisiyao@126.com

FrhE, MRA, TERRAEAKE
B SHIE.
E-mail: qiaozhongying@163.com



