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Abstract

Abstract

In China, there are nearly 100 million hm? of saline field inland. The reasonable
development and utilization of saline field can not only effectively alleviate the contradiction
between land supply and demand, but also has great strategic significance to ensure national
food security. Rice is the most important food crop in China, and rice cultivation has been
considered an important biological method to improve saline land. In this study, a total of nine
rice samples from three varieties of saline-tolerant rice (T477S/Yuehe Si Miao, Guangxiang
24S/RA65 and 2020X21.547, replaced by YSM, GSR and GXL, respectively) cultivated at 0%,
0.3% and 0.6% saline concentrations respectively (indicated by @0.0, @0.3 and @0.6) were
collected. Rice flours were obtained by rice hulling, milling, crushing and sieving, followed by
the extraction of rice starches from rice flours using a combination of alkaline extraction and
enzymatic digestion, and finally the structural and physicochemical properties of rice flours and
starches were analysed , with a view to provide theoretical basis and data support for the further
processing and utilisation of salinity-tolerant rice. The main research results were as follows:

The length, width and aspect ratio of saline-tolerant rice decreased with increasing saline
concentration. The amylose content of normally cultivated YSM, GSR and GXL rice flour was
9.57%, 17.80% and 24.01%, respectively. The amylose content of YSM and GXL tended to
decrease with increasing saline concentration, for example, the amylose contetnt of YSM@0.3
and YSM@0.6 was 9.11% and 8.40%. The protein content of rice flour increased significantly
with increasing salinity concentration, with the protein content in GXL rice flour increasing
from 6.62% (GXL@0.0) to 10.13% (GXL@0.6); salinity stress also affected the amino acid
composition of the proteins, with a greater effect on leucine, lysine and proline; the combination
of alkaline extraction and enzymatic digestion was effective in removing protein and fat from
the rice flours. In addition, salinity stress increased the fat and ash content of the rice flour, the
fat and ash content of GSR rice flour increased from 0.58% and 0.48% (GSR@0.0) to 1.00%
and 0.79% (GSR@0.6) respectively.

There were no significant differences in the grain morphology of rice flours and starches
at different saline concentrations, but the grain size distribution of starches of the same variety
correlated with their amylose content, the higher the amylose content, the larger the starch grain
size. X-ray diffraction (XRD) results showed that both saline-tolerant rice flours and starches
had a typical A-shaped crystalline structure, and there was a weak V-shaped crystalline structure
in saline-tolerant rice flours, due to the increased fat content, which led to the formation of V-
shaped complexes between starch and fat; the relative crystallinity of all three salinity-tolerant
rice flours decreased and that of starches increased as the salinity cultivation concentration
increased. And saline stress altered the supramolecular lamellar structure of saline-tolerant
starches, with an overall trend of increasing crystalline layer thickness (Ic) and semi-crystalline
layer thickness (d), with the most significant change in GXL starches, where the d value
increased from 9.37 nm (GXL@0.0) to 10.13 nm (GXL@0.3). Saline stress significantly
increased the molecular weight of three saline-tolerant rice starches. The proportion of A and
B chains of YSM and GSR starches showed an overall increasing trend with increasing saline
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concentration, while the proportion of B3 chains showed an overall decreasing trend.

The water-holding capacity of rice flours increased with increasing saline concentration,
while the oil-holding capacity decreased, but the water-holding capacity and oil-holding
capacity of starches did not change significantly. The solubility of the rice flours varied with
saline concentration in line with their amylose content, the solubility of YSM and GXL rice
flours decreased with increasing saline concentration, while the solubility of GSR rice flours
reached its maximum value (12.07%) at saline concentration of 0.3%. The variation of starches
swelling power with saline concentration was opposite to the trend of their amylose content.
The solubility (max. 47.84%) and swelling power (max. 28.71) of starches were significantly
higher compared to rice flours due to the removal of protein. Differential scanning calorimetry
(DSC) results showed no significant change in the enthalpy of pasting AH for rice flours, but
pasting temperature interval (47) increased slightly; compared to rice flours, the pasting
temperature of starches decreased and the enthalpies of GXL starches gradually increased with
increasing saline concentration. Rapid viscometer (RVA) analysis showed that saline stress
significantly increased the pasting temperature of rice flours (3°C~9°C), and the peak time was
also delayed with increasing saline concentration, peak viscosity and breakdown value
decreased, the regeneration value of GXL rice flours decreased from 1898.50 mPa-s to 1099.00
mPa-s, which showed the largest change. The results of the rheological analysis showed that G’
and G" of the rice flours increased with increasing angular frequency, and G’ was always greater
than G", indicating that the elastic characteristics were always greater than the viscous
characteristics. Saline stress affected the consistency coefficient K of rice flours, the K of
YSM@0.3 rice flour (114.38 Pa-s") was higher than that of the control sample (98.22 Pa-s"),
indicating that the sticky characteristic of YSM(@0.3 rice flour was more pronounced; however,
the K values of both GSR and GXL with higher amylose content decreased with increasing
saline concentration, indicating that the elastic characteristic was more pronounced. After
protein removal, both G’ and G"” of the starches decreased, with GSR starches showing the most
obvious trend of decrease.

The in vitro digestion results showed that the slowly digestible starch (SDS) content of
YSM and GSR starch increased with increasing saline concentration, with the largest change in
SDS content of GSR starch from 38.85% to 46.32%. The fast digestible starch (RDS) content
of GXL starch gradually decreased with increasing saline concentration, and the greatest
resistant starch (RS) content showed the greatest increase from 9.47% to 23.06%.

In summary, saline concentration significantly affected the chemical composition,
physicochemical properties of saline-tolerant rice flours, and the molecular structure and
digestibility of saline-tolerant rice starches, but there was also variation exhibited between rice
varieties. The results of this study are intended to provide data to support the application of
saline-tolerant rice in food processing. For example, the high protein content of saline-tolerant
rice can provide a richer material for rice protein researches, and its indigestibility can be used
in the development of health foods.

Keywords: saline-tolerant rice, rice flour, starch, physicochemical properties, structural
properties
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Fig. 1-1 Structural diagram of starch granules and proteins in rice endosperm[
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KA A& SIS, RkF i 4& I8 & &R, T ZBEA TP, KoKd
FIRR Wi FIvE R 2 (R AR EAE . ST e k-e i S 64, s XK B AN D RE 1L 7
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1 %

1.2.2 RARy FIR KT B Th sB AR
1.2.2.1 HitRRE

PR R O I B R 2 —, Ve E AR B R, A2 B ZE B TN
B0 TERPURLATE TR K, 245000 5% 5 10 UK SAt R, SR R 2 R A AN vl 0 i B ik
FPY R SR AR SE R IR, T BORE R (32 BRIV, X PRI R AR A, it R
VER A 7 SRR AR BOTC T AE AR, IR A REE AR W1k N =AY BT (D)
ALK B RIS BRI Z R, KT b NTER TR N, 5 608 TE X #8245
G, ARFRBSE K, (EUR A A MR 2R . (2) AETIEIOKIY B E
W5 7K IR RN IE BRI, SRy ok 2 (A A B B R, B s . R
—WItEE, SEWR, SRR, ST R, BERESTTIERE. (3 BN
B vEkBIE, RRIEEVIARR ST &, WIKITEm RN K AR, e mifE, M
ZIRBREE . LR, TR AR IS K e, BIH DL AR AR . SR AR A R P & 2 A
VI A KB, BRI, AR & iRk, oK Ea S EMEN & &
HAANFFEEE TR, IR0 2 52 KKk B A I R e b 5K o 7 14 A, kT sz
TENT BRG], 32 BRI R AR 1 AR A B BRI
1.2.2.2 [EAFPE

kA, NARiER A, ZaBEER s XEBS GRS . TER R AR
) S J5 A A U B S PR B L s SE R W v W e 0 0 I IS SR HTSS , 43+ [ AH
A, SAWSG, BEEEALRY. XFEEE S EA R 0 T EIRGAE, BA
FUIU R, R 55 TR o PR o i 22 37« Ve S8 A 20 A S 2 AR S 2 A P AN B BT,
TR EE R AEAEVERM ML S R /NS N, E R HAEE R 4 B E R,
SR I EE, RETE AR . TEMKIHZ AT FR I (A28 18, 32 Bt SCREVE K 7]
FREME LS Mo, JUEHKK R4 B e, HAARATPERS, JaHAZ e, ELEEE R
DT, NEKIHBIR BT, SRR LA A RO, g5 A K — P T Ak
fn A, T RGUE R B IAE AT RE R K B2 A 0T 5 i s FE 100, BB VE B A1 SCRE v
Kb ten) Sz ek KIS R R E VI .

1.2.2.3 A EM:

KA LA R 15 B SR A R ANAR S 1 A 2 T A A S L, i
AR B S A S BRI T b, BT ) L SUREAS B R RE A B EE BLR AR 2 S RO,
TEBIAL S5 T A BE I T R — RR SRR, SCHRETE R R A AR 90 oM, Al vEde st
TR RO I, HAEZ LA EREGER v T, JEh i AR AR B 20 O AN 20 B0 25 D 3
HeE g, EER B ISR, JEmBRIIZAK, 2 HEEERE L, R =4E
PR 105901, R AE KL R v, BBV R B PT OB AR, thm] LU )07,
VEAT I — PR BB PR AR A AT A, HORG E 2 B BT D) A B i R B0 K
IR R 22 PRI B A SRURIO), ek i AR FEI R B Al & 0 BV M M S B U
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Fr i U R LIS B2 RS20 o SERTRI AR RS PR S e S I e AR E PR
VIR AR, BEMARIE IZAFE AU RAL, FONAIARRE RIS R AR, DU e R R i b B I
RErP AT RE 2 R AR B BT AR A 1 L)

1.2.2.4 JHLERRE

TEM Fe N TR e B 1 BRI, B 7T T AR P N AR e A O B =
o MRHEVER E ARV AL RS 5, Englyst 55 NG5 8 73 A LN =R AL JUB ek
(Rapidly digestible starch, RDS). f27HILIER (Slowly digestible starch, SDS). HiPEE
¥1 (Resistant starch, RS). RDS s&f57E /My H RERE PRE T AR FITE R (I LN TA]<20
min); SDS s& 8 7E/IN HH BEHE 58 2 T A ISR I A48 B2 2218 B U K I AN TE] S 20~120
min); RS ZI8LE/N A A BB AL S g R 2R 4 5 AR TR]>120 min).
VERY I AL 2 S B AE S %L (Glycemic index, G, KW & & RDS K&
o NAKRAT R — 5 W XSS, 0 an s n SEops Rs - S JRESE <595 1 ARG o IR G B4
HEHRZM SDS 5 RS, Rt A 4 RFE o M i fe e,

1.3 KKk R

FKIERAE NN & B 2 Ry, Hali 2 520 K Ko R A KT B 1 Th e 4
PETOT, 2400 BRI R I, R TR AR 5 A 5 B Rt 2 B K M I T B, 2
LABZHEAFRMEFRRE, B SEURECH IER TIERKAGRTE, WU R k%
HE AR, Hit, BREALRBUTHIE . HAl, JORIEM I SR EE
BASETEEE . Bk, RIEVETERNE. A BER YRRk
1.3.1 Bk

V2 B AT Tl Ak ) 2 KoK s B I 7807 KR i A R R R B
MBEHEEE, 20 RKEER 80%, ik, @M /KE /KIS IETLIEGEE LR
B T LAASE S A BORE 5 ROK B B B A A AR A, (RIS 6 8 1 03 0 (R IR B, R
e SV IRAE R, T R i M I A R A e s B B R R T R A A R H
fiuf, TN EE 52> A BV PR, (b vEd Al aE B o 1) 4 s e 7ol

BRI PRI B — R 0.2%~0.5% I S SBAGANE TR, DLIR I OK B KoKk, BE 5
JEAF BRI RIR AR R, KB 2 IR R BB RR K K E E, BIATAR 2 OKER « X
FROTE T 2, EE bR s, Hf& ek al B .

1.3.2 f§yE

BT B DROK A 1) D 382 ) FH B 1 Tl AR 0, B A KK A ks 7 i B 1 o, el
1R ER A ROKTE M Z [ 456 F SR B NS, B 5 AT AE K i A2 g 5 vk
S, AMEEEA . PR E AR, IR, 8 H 2 NaOH Sk
¥ pH PUARIBF SE 261 RN R G, T2 OKEE 2K 214 . Lumdubwong
SEBARE A R IS S AR VE R A b, B 7 T 2 IO s 4 e s SRR ) pHL 2%
P, WIRES = AR 2 PR R BRI B 1, IF HL A I ROKTE R Hh 5k BE 1 2R 7 et

ad



1 %

e T URIE R . (RIS, R WA B SN ) 26 A A RHIR AT, VA MLt & =)
J ISR DA By S BRI 23 B 45 2 ROK J A 470 7T B sl ORI 081,

1.3.3 RENEMFE

R PEFNE A R e 2 ZR R IR A S5 R I ) 5 B A RS &, I TR R S ALY
73 25 HR R 8234, 2059252 SR 3 8 AR 0 B UE R B D 150 S RORIRILAE 3~4 {5 KR
IR IS VER o 24~48 h, &3F LIRWL  SRARER D TR0 5 B R A3 2K SER b -
FERBUCKTER e T, REETETIMHEROR, SEE AT s, HRmE T
HRAEALEIGHELL TS, Tk RN Y, fE KPR s MR R rp R 7 A R
ZK AL FH PR HE P 1)

1.3.4 FBEPKEE

R A R A R P B R A B R AT, AT B 3 Ve i 1 H Y Wang 861425
FERIE 50 R B i o R i U 5 b M B A B ZHL A A B A v KRV 40 B R R ELAE A%
RO B KK VEN & — R AN A i R IR W B 2807 125, (B A A PR IS RORTE R O B 43 R
B, [ A L A 26 A BT
1.3.5 Y fEE

5 O e FB 2L e O R X Harmeet Guraya FFH 4424 Microfluidizer (377
BIR AR = R B T, 6 KOKVE R FH A i SR AR AT B R X T2 A
AR B BT BOOKGE R AR A R A i, B B AF e B 5 Thaete, A= Tl
R A2, Il RS BRI 110772 1 ol Ak B R 7,

1.4 SIFEEREHAR X

ARFT AR, KORAE Dy — it A R B (Y, v LASR OO I ) ORTE R AR B
St B 2 N ERRE O A Dy B A AR, ALK U iy F) P B AT A Th REIE
oo BAUTEER, BEHE A N AR, NS AR R i)~ B R
DGt R R ORERF R i fiteh . SRR, SRl e SR AR R 534
B3 e SO B PR 2B 2 PR, L P R 0 5 S RO e BORE FELAE ) A 7 )™ B L, e
EWRIE R A4, BREVED - 838 IR IR K% . ik, RER ey s/ &
JRN T AR AR DL T A I T e A1 A B S A B L KRR T L, JFRER
T KR AR THIWETC, LGS SRR IR DL AR, S e EY) &=, AL T
WRITFT, R SMIF T S A i KRS I S0 0 A= AL i ER /KRS (Y It S5 15 7 DL R AR
AL T T . BEE I sh KRS B4R T, Ha I a5 52 31 1 i e 1)
RUE, B HRAURE . BALYE R RO FOBET T, BT Qe R BLER I B A &
SO R SE L, HASFIEE I B R AE b B 1, O BE A EL B e b & AR 52 3
BN MR o SER AR ROKR T Ry, 2 R RO B SR Tl RS P
REERIZ, PRICERIES B P B OKRTER (1707 G5 M AN BRALRF R 52, e SEAITER A
T ER B8 A T T SR BN A ATy B BE AL D e LA K s 828 FH 52 o (S H

-
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Al SRESKRE AR A Ky B D RERF PR S S5 R AL 7 T AT U IR BN B =, XK=
IR 1) i 5 7 A KKy R Ry 1) i 82T e S T B

DAL AN AT U AE LA T R B0 /KRE AE K SRR IR 26 AF 1, R TE SR B 7 VA EE N i 22 okl 7K A
Ko RIE A PR S5 AL R AIE S BRAL T RE RS PR T5 THT AU RE M, DA DN 2> i i 507K KA A e
FRITR IR N2 FH B2 B e (R B8 2 25 AN 4%, 300 I BRAR b A e S e i R AE VA
BONEKIE X

1.5 TEMRAAR

AR T BN A S K AR T LR AR 3 P SRR AR (T477S/E R 227, T~
M 24S/RA65. 2020X2L547) 3Tt 9 AMFE M AL Dh e R ME A S5 M HEAT RAE, 1X 9 4>
FEat N IR 3 AN FhFR 7K FE 7 Bl AE SRR FE 9 0% 0.3%H1 0.6% (1) 2% 14 N 55 & 345 .

AR E B RN E R

(1) X ER B KA AEAN [F] LB [ 554 T 55 B FrAS IR AN RN E AT D € J3 4

(2) ARFE R FERTT SRR KR AR ) AT B VE ¥ & 2 55 SR AL B 43 (1)
FUIE, 454 SEM. RVA. DSC. XRD. FT-IR Z5/3H7 5 135 50 Sh 08 52 o i Sh il 7K Ak
b R AY Ty e 4 5T R0 45 R REAE 1R 520

(3) T SRARAHE VE K 1 32 B 5 FL B A Dy 8 4 ot RH 45 MR A AR Tt o R FH Bl 1 il
AR A I 7 VAR ERAROK FEvE Ry, I E o> TR A SCREREK AR S IR A
Hoor Fas MM AR G, JER HER AL Dy ReME BT HEAT I € , 11T 9 it SR 580K R 038 m TR FH 4
PETEInRFARN B EE R S 5



2 SERM RS Tk

2 EWMBSRHIE

2.1 LIRSS

My SR K FERE AT 9 17, WRE 2 S KFEE 7 R4 it (PR IR 1-0) 5 8 2.
HEEENAF S, &K= Megazyme A ) ; JEMEHEFELT (AMG) B &R o-TEW
B, HE =2, B Sigma A W] SKIR T A e ot g, e i E
AR RAAA PR A H]

#2-1 /KBRS ER

Table 2-1 Information of saline-tolerant rice

st i IR FIRE (%) P

0.0 YSM@0.0

TATTSIE R 2278 0.3 YSM@0.3
0.6 YSM@0.6

0.0 GSR@0.0

Il 24S/IRAG5 0.3 GSR@0.3
0.6 GSR@0.6

0.0 GXL@0.0

2020X2L.547 0.3 GXL@0.3
0.6 GXL@0.6

2.2 FEIR

FC2R BUSEEG FH AR, VP-32 BUSZIG FBE KL, IMWT 12 KK AU FAS A,
HANEAT 22 7] ;. RVA 4500 Y PRdRG B2 B A, WORRINEEGE 2 7] s LXJI-IIB RUIGHE K45
BLEBEON, 2SR HYP-314 WAL, BT EIRA R fal
RS, LRI RIS ] WFZ UV-2000 BUEANAT o0 Y6k i, LR R Ll
IERA R AT s BT-9300S BWOGKLE /AL, FHR EFHER AR AR DSC3 BZE/ R4
EHUL, SevenEasypH if, it Mettler-Toledo /A F]; DISCOVERY HR-3 By As4{y, 3%
TA fX# A W] 1S10 B4 2L A6154%, 5[ Nicolet A 7]; D2 PHASER Y X 54
RIS, MEAE 5T AXS HRRAT; Quanta 2000 B33 1 W44, 5 E FEI A,
Waters 2695 = R0BAHEREA, SEE Waters A F]; UV-3200 LAMMEEE T, LilgEiE
AL AR AT Styragel HMW (6E. 2E) fBifihd:, E[E Waters A & .

2.3 SR
2.3.1 FBARTAEEE

ST R A HITERE, XRAMTHAFERESRES, REBASKKYEE
12.5%~14.5%, [ J5 47 2825 A K AL 3 . 1 5 FH 2 S WL BRAE e SR AS K, FRIEH 1.95

o
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mm FUEHI R EEHL L BRR AN 25, ERIBRKLER LRSI K, LHEK 35 s,
I TR IR BIE Kb = AR Bea, AN 45 MK EENLER MR, H i
LA BN IR ARFE SN 4°CUKFEIRAT, (e 8seatflif .

2.3.2 KRR R & R

SR FH BB ST RASCR E A TOR L bt o2 20 A B B F SN LI E R K (R i o K
KIRSEHH L) 1000 KLY SEIAE A, RO B T ROk b, e, BlAT
RAFFEARFE R G I HL RSN A i 7 B A ol BB A5 H ORI 98 AR
A CRBEED.

2.3.3 KB RIFER & TE

KKK RN UR 5, FRId 100 B i, 75 20 SRR RN » ¥Kk 5 0.29% NaOH
W IR N LG 1:10 (wiv) JRAHFE 5 h, KRR ERR 2 8. )5, Kk NaOH
TEREWITE 4500 r/min 645 F B0 10 min, 3% BB, VUEYHAEE RS T/K5E
B, BRBIRE S HIK . TIE G E KR 8, FH R T 4 B0 pH, I
A, BT RN A e — B T RN — ], RN SRS O pH &= 7, K
e 2 ARIBUER, T EReE, i 100 HIifE R EEmFes, BT TS igms .
2.3.4 BB 53T

iy SRAB K ARG AR FAVER K 2075 il e 2 IR E X bR #E GB/T 5009.3-2016 HIE T
Mk, BELEETEN & EMNIE S GB/T 15683-2008; & A& &S GB/T 5009.5-2016
IELIRE & AR E 2 I8 GB/T 5009.6-2016 KR KAk, KorlE & GB/T
5009.4-2016 8 b 1 A K 53 5E

SUER I E AE GB/T 5009.9-2016 B /K VA Heml EdbAT 1 ook, BARSLEs 7 n
N: 100 mg FHKHK 5 10 mL EEERENIA (0.1 mol/L, pH=5) JB&, A 1%HIFE A
o BEJS RSN 300 U i & o VEX R, 2% 3 s Ja, B THKmhaksiniix
L 15mine JRMEEH, TRAYIBAE S0°CK M A — e i (8] UPATREE, Z 5 326
UAMG GERHI G, 8:4F 50°C/K¥ T B 30 min, N ISFEFEE S 4B
1 R R DIB ARG RN MR H R =R, 257 13000 r/min 514 F &0 5
min, U 1 mL _EEBFEE 5 554 1:30 (v/iv) LN GOPOD, 50°C T J2 % 20 min J&
£ 510 nm AP E OGS . Bk &m0 AR

X=(AXFxEVxD)/M (2-1)

X X—FERAIERHEE (%);

A——JITiAF IO A

F— WOt EAE e HON B BRI R 1, ARSI HL94.3;
EV—Hf i &6 1, AL 410.2 mL;

D— RS2, AR N5;

M—Ff i E (mg).

1N
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2.3.5 FRFESRIE (SEM)

) FH 314 R B 0 5 T 6 B 7K R A A A P T AS S5 44 o B DR AE it FH O T g o [ 5
e R b, W4, SRA 5.0 kV I AR EEE,  BI PABCK 2000 4540 5000 A5 50K
1 RANEEAKND FOVE R AL S 1 B 15
2.3.6 Ko Amdle

) P AT S A 5 T SRl /K RS K RNV R RE AR S A o FREX 100 mg A B
T 15 mL BELOEH, NN 5 mL &K, =R MR, =648 RE
10%~15%, #7743 min, FHELEN AR,

2.3.7 X-BRATH T (XRD)

R X5 LT S A3 3% 3T RN ) i 1 235 ) RO ot 5 o B 881, it 26
A FEYE R 4~40° (20), #EM: Cu/Ka, HFRHEE 40kV, HE 30mA, FHH5EEE 2°/min,
K 0.05°, SLIGHHEFIFH Jade 6.0 F AL Origin 2018 JEAT LI, T1-5FE i IR AR X &5
i (RC).

RC(%)= AAM <100 (2-2)

Ho A RFARLE W AR, A SRS 5 X AR
2.3.8 EBEMHOH T (FT-IR)

K FAE BLI AR 2T AN 68 -3 o 4 I R (ATR) B9 e o FH SR i X s
T ATR B SR ARSR I, F948 60 ¥k, /3#E% N 4 em™, FHEVEREIN 600~4000 cm™.

2.3.9 /M X-SHEEU T (SAXS)
HY 100 mg V&8, AN 100 uL 255 7K B B, 8 FL M E 78 =05 T Pyt

o ULEBTFKANTHE, WK ERER: MEBEER S0KV, BN 1mA, AT
ST K N 04=0.154 nm(®8,
2.3.10 MXF4rF B4l

K 8ORST HERH 4592 (HPSEC) WsE Ve 7> T, 4 FH s B0RAH e 5 2 £
JE SO B AR 23 e I 2% (HPSEC-MALLS-RID) & BEIIE P, K 50 mg JERAE
Sr# 3% 10 mL 50 mmol/L LiBr 1) — FEE WA (DMSO) ¥+, 1EF /KN 1 h,
ELRIFE S e AV, ARG TE 30°C T MEIRZKIE 3 HE 12 /N o VA MR RE Sl 7 A 1T FH
0.22 um KBV RS, 2 J57EN SEC-MALLS-RID £%. Gif&F&ENR: &
P 4E Styragel f5374:, Styragel HMW 2 DMF, Styragel HMW 6E DMF =¥ s B-AH ),
ARSI 75 (57 50 mmol/L LiBr ff] DMSO &, i~ 0.6 mL/min. FEiRAHIE
JEH 60°C. Hritfadiulis (dn/de) 24 0.06 mL/g. ffiF Astra 5.3.4 FAF#HATHHE 7547

2.3.11 ZTEEHEK AN E
2.3.11.1 VER RS AL 2
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JROSTHE BEL € 3 3 FH T I00 e SCBRE EH (R B 23 A e 280BOR €0 B AT 8 7 22 A ) 2 TG
P, FREL 50 mg V@M AEMCE T 15 mL R ZEF LT, T 10 mL 90% (v/v)
(1) DMSO 1, @K IN## 0.5 h, WHEEER, IFT 25°CHIE R RSN 28 5 FEE 7 -
HEFRZE 1 mL 3T 50 mL E0EH, N 6 mL o/K ABEIR &35 )5 5000 r/min 25
O 15min, FFEF EIEWR, FERHELOEIE T KA R R R 1 ToK QB K . BE)E
I 9.0 mL &k B AEK, FEALEDE T 9K IN#E 10 min YT 5E 2 EME . HR
AHIE 50°C, M 40 pL 50 mmol/L HZ& MR- LMK (pH3.5), RAIESLEIIMA 7.5
ul & =28 (1000 U/mL), [FIAEIREE N BiSCORN 48 h 5, Rkt i B T3 /Kii 10 min
K. WAL 1 mL VG 0.22 pm 7K R IEE G2 PERE

2.3.11.2 il 44t

B BIREAI AR A K, FE#E A 1 mL/min, i+ Shodex SB-802.5 HQ Al SB-
804 HQ H LA, AEIRAGIRE N 60°C, faill #8535 A2 30°C, #EFEE A 20 uL. LA 1 mg/mL
(22 28 Tk, 22 2F-LMEAD & 22 2 0% (P-5. P-10. P-20. P-50. P-100) {EAbrEE. #H¥E
R BREE ) T bR 2R T SRR L S JS DP.

2.3.12 EERAR ST

FREX 100 mg FF i B T % B 0K, A 8 mL 1) 6 mol/L HCI, J#A 3 min %
RIEEE . 120°CHAF TKAE 24 h JaELE, FFA 10 mmol/L () NaOH #E 4T A1 5 5E 45
I PEFIES (14000 r/min) o SRJEK A H B ER i, ££ 38<T A1 1 mL/min FHHE
Z61E I 254 nm b TG BER EIERR IS B RN N 9/100 g AT (R (Trp)
T AERRTE T 25 1 B e i A AST I 21

2.3.13 Fp/KErm MR 2

FEAKFR M I 52 2 B LIP3 T iR R H0E M8 e AREUK 21100 mghf i B 15 mLAE
AR, R BITRRRE S R 1 T B I AERIE S Nm. ml. KB KSR B
i, 25°CAE R KIBE 30 min/G, 4500 r/min, 30 minZkfE RO, 2R EIH FIEW,
KT JEFREE S SRERE B E, 030im2. FoK M SRR A R

FRPEFRIYE (%) =2 (2-3)
2.3.14 VAR ARZIE ST

T AR FE RN 7 B 2 2 B8 XingP ) 7 L R 0E M8 0. BURR FISER RS T 50
mL B0, NS & 2 5B KR H R 2% 0K LA R . F R ek 25k %% 30's
J&, ZHITE 50°C, 70°C. 90°CHIME IR K88 IR % Ik 30 min, HAMEEE 10 min HUH 25
OE R TR s B R R A5 . B EREHZ =G, 4000 r/min &0 20 min, 43
B IEWAYTE . B LIS BN T EEEN TG, BT 105°CH A T2 EE
FRiE, THRIEMEE, T EUTIE RN IR B I ek o VoA B AR g )k 5 A 5K
/N

1"
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SRR RE (o0, _ AHEHAE (g) x100 )
WL (%) =S () (2-4)
i 7 (g/g) _ ALEPIEMRE (g) x100 (2.5)

R TR R (9)x (100-AME)
2.3.15 #AFEFHES KB EARENE (DSC)

FI 22 7 B RN 58 Kok AT A (R FARF RS MERFREL 3 mg A% 50IN DSC %5
WIS, IEIEIERE S SO LB 1:3 (wiv) AMIEEEE 7K, BEHEE, T 4°C
UKFEHR IR 12 he WRET, DIEHBRIE NS, AHERRERN: REHEREE 30°C,
ZAEFHEIEE 100°C, THEIEZ )Y 10°C/min. VIEEWLIRE (To), WEMEMALEE (T,),
ZAEMMLIRE (T DLERILES (AHD BT R A R 50 A 3tE . S BTE kn BE 30
AIERRE, BAZEE, STEION 49°CUKFEA R, 14 d JGHUE, #IB FERETHER P
AT DSC ##, MR BIAERS (4HD .

2.3.16 BLIFHEIE (RVA)

1ECRIBER K S B IERE -, DK SN 12% 1150 B /5 R 5 i 25 2808k R
B, FE TR PR ERE S AWK, 7€ RVA SRS EME LIRS 30s, SLZEE
R BN H o MR ZZAFCIU R : G S0°C4EHF 1 min, #23%5 LA 12°C/min [
PR RINFAF] 95°C, HERF 2.5 min, £/ LAAHFER(E 7R KA E1F] 50°C, 4ERF 2 min,
SR 13 mine #T 10 s BEPEREGE R E N 960 r/min, Ji& SE (8] %30 1H A4 160 r/min.
RS G e N A E R Do T i
2.3.17 WA RN E

¥ 2.3.16 FRRALL S8 BRI BRI MBI CE 25°C/K IR SR H TR E 30 min, 2 5%
BERRBLCES Eo EH 40 mm SEHPEHEAT IR, ARAIFERE N | mm, B8R
VL& R 22 Ak (038 40, 0 DABSS bk 2 28 0, AR e X AT B P10 2 min BAVHBRINER
BE BT 5 LR E F 520 o

FRAS AR S IG IR 2 A W IR E N 25°C, MR 1rad/s, BYYIE%R
BE N 0.01~100 s 3638, FHAE N 1 Hz, LI H power-law I FE (2-6) FHATHIALP,

o=Ky" (2-6)

Ho o (RRBIYIN ), KARERPIE 5450, » KRBV, n ARRRIEIT NI

SR FAEM R 2 N WEIREEE N 25°C, AHEN 1 rads, NN
0.01%~100% FJ 70 [ P 32EAT 4R 8 1 400, 78 2R PR e [X h dg 43 3 O N AR A o FR B e %
[ RARE, EFAAIZEA 1~100 rad/s BTG PN IEAT SIS IZE ML, WD KA AR =
(G, WREE (G FIFEAIEYUME (tand) Bl AR

2.3.18 JHALMERIE

FREL 100 mg (PLF3EH) JEMAEME T S0mL &0, I 5mL B E AL R
A5 BHERR, 1E 37°C/KIRIEIRIRY 28 9R % )% 120 min, R IEZF %A 100 r/min, H
R TC #1232 Pan 258 AR 5980 20 3T % 10 min. 20 min. 30 min. 40 min. 60 min.

1
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80 min. 120 min I MBS0 FRaR G I HL 100 pL BEARBIN ] 900 puL TE7K 2.1 45 8
[, fE 14000 r/min 251F N B0 Smin, [ )5 H D-F &85 & (GOPOD) il 2 7 %) b
SE.

RDS(%): G2OH>1< 0.9

G120-G20) X 0.9
%)= %

X100 (2-7)

SDS( X 100 (2-8)
RS(%)=100-RDS-SDS (2-9)
b, m NYIGGFER R E (mg), G20 MM 20 min AR E SR, G120 Nx
J% 120 min ¥ 2R3 &5 S &
2.3.19 ¥R E 557
SEIG B YR A4 ] Origin 2018 5 GraphPad Prism 7 #HATACER, I LLFIME b2
7~o KH SPSS 25.0 #ATH R ZE T Z 5, p<0.05 KnEZRTE.

1 AN



3 HiR5itig

3 GRS

3.1 i =K AEAOR B S A 5

KRR ALt o2 70 A ASCR B A [F] BRIk BE 15 8 AR /K R I AOKR AL, H I 3-1
A LATEMTIE Y, B RS IR RO, KRR NIBHR N, S5 53R 3-1 ROROK )
KERAESR bR 2 Al R, BEAE SRR Z RIS K, YSM. GSR. GXL = Fiirf & A 7K feg Aok
R 2 AN 58 BE RS S, KEERIARAL B AR, /IR EAE 0.5~0.8 emo XA REZ K vk
BRI 0 1 KAE BIO6 A AR T DA R AR I A b i PR OO, Da a1 TR M sk Y A7 )
i EEAE R, MR ES S IR E IR, Shra R HHI 4% 3 Ak
SR, FREMG DRI SRR BRE 1, DLMIR/D SRR S B ISR 0 2 RO, E R
AN, KRB SRS BRI DR S S E R B EAH RO geAh, AR K
Y, AL M R S B BURE Y S Ot A AR BER R E RN, FEER AR,
IKTEAEAN COx 73 T, ANFIT COx BEANRML, IR DANM ) IEHIESHAIR, <fLIR
RIS, CO2 FI R AR AR, TTHIES TOLEMER, 1D 7O & ™ MA B 20,
B 2857 IR 2B R B MBI IR 8 A 3

YSM GSR

GXL
1)
ANRR

P 3-1 i S B R K A AR T EE 1

Fig. 3-1 Comparison picture of the appearance of saline-tolerant rice

R 3-1 i EhAAE K A T8 R AL AR b

Table 3-1 Indicators of length and width characteristics of saline-tolerant rice

FF i K5 KEE Cem) B (em)
YSM@0.0 3.0+04 6.0+04 2.0=+0.1
YSM@0.3 29+0.3 55+£0.3 1.9+£0.1
YSM@0.6 2.8+04 52+0.5 1.8 +£0.1
GSR@0.0 2.8+04 6.0+£0.5 22+02
GSR@0.3 26+03 54+0.5 2.1+£0.2
GSR@0.6 2.6+0.2 52+0.2 1.9+0.1
GXL@0.0 29+0.7 56+0.6 1.9+0.2
GXL@0.3 29+0.8 50+0.5 1.7+£0.2

GXL@0.6 29+04 51+04 1.7+£0.1
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3.2 T ER A RS AR A R 3 AL A K

M SRR AE AN () FE A BN 3-2. HHRATAN, AS[R] EhAs & R BT i £ 55
IR RSk - ELHEVC R SR E 5 BRI 70 5 B 28— € 52 . YSM., GSR.
GXL Kb (i S e & R B LI B RN/ . YSM GXL Ko (i ELBEVE RS &
A SRR RN R L T RS . AR, GSR KR I EEEE R & B AE
ERBSEAT TR, AE 0.3%FhBAA I TIE R HAME (19.16%). K, B E AR
KA STk 5 B & E A2 R, EART U AR 2 T REEY, X
SRR PEE NHIBETCAE R — B S BUBOKARE SRR AF TR B, HIeh & mg s
S E, RS UL R TER N B &R T .

YSM. GSR. GXL KA (RIE R HE AR 7325 251 8 £ A 58 38 o iy 32 484
FELDLE ER BP0 A8 o 75 B S G2 B A AN 8 1 Wi 7 RE4ERs H B IR w AR BRACHE, H AT
CL A B TR IR 0 2 27 R LB 2 7 BB, R 7 il e is d A is Bk
NHEYIPRA, IX AT RER AR RO & BN IR A . B4k, B %S N, MY
REF A 2 AU Zeng S5 TR B2 38 IR /K ARG AEMR G 0 3 (G RO T PT RE
SN, X SRR I E B R, (AR E A A RN, K 3-2 BoR, YSM. GSR.
GXL Kb b fig i & BB SR B IR EEHE KM 228K (p<0.05), HIYLE 1.00%LL T
R R S WO YA I, SEUR S E RIS, IR A BAUESZ 2T
Yo, M FERTRETIUARI B ROVE T, BRI VR IR 200, S SRR A IR & 248 .

R 3-2 TR BB RS KM (K12 A AL 2 2 B

Table 3-2 Basic chemical composition of salt-tolerant rice flours

- KTy STER ELEEER EE A il Koy

(%) (%) (%) (%) (%) (%)
YSM@0.0 12.14 +0.00°¢ 80.06 +0.87% 9.57 +0.07¢ 6.98 +0.25"  0.48 £0.03%  0.49 +0.02f
YSM@0.3  12.80 +0.01? 80.48 +3.212 9.11 +0.29°f 7.68 £0.13 0.52 +0.06°®  0.66 +0.01¢
YSM@0.6  11.82 +0.15¢ 75.52 +0.74°¢ 8.40 £0.00f 8.22 £0.05¢  0.74 £0.10°  0.71 +£0.01°
GSR@0.0  12.28 +0.02>  77.67 +0.76%° 17.80 +0.57¢  6.70 £0.00° 0.58 +0.09%®  0.48 +0.00"
GSR@0.3  11.95 +0.04¢ 79.95 +0.05% 19.16 +0.36°  7.33 £0.06°  0.65 +0.08>  0.59 +0.00°
GSR@0.6  11.91 +0.01¢ 75.69 +2.79° 18.46 +£0.07*  8.12 +0.06° 1.00 +0.05*  0.79 +0.01?
GXL@0.0  10.55 +0.02f 81.12 +1.542 24.01 £0.93°  6.62 +0.06" 0.46 +£0.05°  0.63 £0.00¢
GXL@0.3  9.72 +0.099 78.65 +£1.89%¢  23.20 +0.50®  9.53 +0.12° 0.63 +£0.03°¢  0.69 +0.00°
GXL@0.6  10.00 £0.00" 76.17 £0.54%¢ 2255 +0.57°  10.13 +0.05® 0.66 +£0.04*  0.75 £0.00°

T FSESREJE AN F T BRI 257 5% (p<0.05).

FRARTEH 7&K -5 AR

= VAN
ahe

HIEAR AWK 3-3, FOKRIEM A E KL N 92.37%~96.77%, &
NEWT & = FEAKE] T 0.15% LA T o ERIFERIMI L B 46 T, AR Rk B2 5 & 1 =) A
iy R BB K FEVE R (AL BE BT, (H2 GXL KKy 8 1 B AME L RR, 30 GXL Kok h ik
HEARG G RNEE .

1

4 7 9 0 s R KR v G 2 1 5 RN g 7 JS 15 201
N 0.23%~0.72%,
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Table 3-3 Basic chemical composition of salt-tolerant rice starches

b Ko (%) HIER (%) WA (%) g (%)
YSM@0.0 3.16 £0.28 94.45 +0.63 0.23 +0.02 0.10 £ 0.02
YSM@0.3 3.26+0.17 94.63 +£0.17 0.36 +0.04 0.15+0.03
YSM@0.6 2.98 £ 0.66 96.77 £ 0.94 0.46 +0.08 0.08 + 0.04
GSR@0.0 2.82+0.21 92.88 +1.49 0.60 +0.05 0.06 +0.03
GSR@0.3 3.23+0.02 92.37+1.46 0.61 +0.04 0.11 +£0.03
GSR@0.6 3.26+0.22 95.16 + 0.47 0.47+0.01 0.05 +0.02
GXL@0.0 249 £0.13 93.49+1.19 0.62 +=0.00 0.14+0.10
GXL@0.3 2.36 £0.07 92.74 £1.53 0.71 £0.06 0.14 +0.06
GXL@0.6 2.63+£0.10 94.07 +0.23 0.72 £0.05 0.07 £ 0.06

3.3 TiRf ERAHK FEAOR AN SEH B 45 H R
3.3.1 i ERFHKAEA R A R B RN T 1

FEAR R SO0 B W 240 T TS YSM. GSR. GXL KM () ik A5 i 3-2 s
H AT LU Y, BT R RN SR T AR S50 52 AR, e B R4 B 1 R K TR
B [F— MR, BESE SRS B BERSE R, KoM ORI ] SR AR 1S B 0
. BRI R REE SR, KRR E B2 RN ER SR, B
5 ERIE B IR BIIE R, B Ve R WL, X ARG AR 3 A SRR A
Wo HHER 3-2 BIROKM FEA R vl A, A P R B 15 2 B3 B S iR B IR FE 1S K
SIS, X Rea FEOA T2 0 E DR EETER R, R0 A S IR

2 e {

YSM@0:6 -
=

g

GSR@0.0

Gs_R@o.sl4

3-2YSM. GSR. GXL KBk (i R=20.0 pm)
Fig. 3-2 Morphology of rice flours for YSM. GSR. GXL (scale bar=20.0 pm)
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J5t FE B B 1 2 S5 PRV SRR K Rg ek ok T S i B 3-3 B i Sh ik R v b 4k 2
BNZ LI, KL 3-10 um, X5 SCERRTE — 2058, 35070 Ve b ok R 1 H I 1 VA 8%,
XA E BTN TR0, N[ ER A & W TS BN A I BH I 1) R MR R AR
1k, B BH ER AR AL B S I OKGE R AT AR B I B B BT ORIE R BT SRR E . 0.3% A0
0.6% LA 3E B IR T 1Y YSM. GXL 3 k3 AH EL R JE K B 7N, GSR RITE #y B 75 2 A s &
W 0.3%0 i K, X5 A4 3 M EFEE R &2 EA—, B [FE— A b ki
BRANGHEFEM S EMR, ESTH S S, TR,

@ .~ YSM@0.0 " YSM@O0.6
7

\

. |
oy

: % 2
@ (I yovao
Sl
) £ \3 3 % ﬁ \ >\
) A R
ALY
/ oy I\
—1.\4)"1‘-.4-‘ RV G 25 00K SELU \, N oaind s 3Ry 6 Yo x5 0%k sl

3-3YSM. GSR. GXL JEMMRIES (L )R=10.0 pm)
Fig. 3-3 Morphology of starch particles for YSM. GSR. GXL (scale bar=10.0 pm)

3.3.2 M ERBRARE IR FIRLE A
i ER B K FEVERT PR AR 0 A WL 3-4, BT KRR TRk, BIRKEKZ,
HRAR A A TCIEAEHEN 2, WORAE ST o T SR /KRG v B UKL IR R A% S22 XU 28 A
X5 Zhong!"MVEE R FL A5 R —E, PIANES A IRALE 2 pm A 7 pm &, {H GXL JEH
FERIARAE 2 pum BUEFEANBR S o i ER AR KRR it ot PRI AN [) T A 3 Fs ROK T A R A A% 7
AR EZEFERF . L2 pm A 10 pm SR, 7T DUE ek BRI N KR
ANFIUOS T FUERR TR B, IOKVER B R BURLAE RESR AR I, 2 JG & R /s
Fkr, BEAE S NUER BRI &7 HeI 2, R 22 s/, D10, D50 1 D90 43l
FRBRL RARAT N 10% 50% LA 90%IRiAE. B 3-4 vl %1, BlAE ShOsEs B IR H
MK, YSM 5 GXL {0 D50 S0 (p<0.05), /NRLBERMRL & HLIZHTE 2, K
RURURL 7 G2 255k /)y (p<0.05) . GXL VER (R /INIUREL 7 EE AN 15.24% 38 22 19.03%, KABRE
HEEA 11.81%% % 2.66%, A8 L. GSR VER I D50 78 0.3%h s & 404 N ok
(6.28 pm), KFUKL A7 =T GSR@O.0 ek, S shmi/KAEiE st SEM EIE R —2L.
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kit (um) Rge (und Wife (um)
P 3-4 i EhA K R e b (LA 70 A
Fig. 3-4 Particle size distribution of saline-tolerant rice starches
% 3-4 THERAKRR IR IO 12250
Table 3-4 Particle size parameter distribution of saline-tolerant rice starches
ANRBRLATEE RRRL B KRR B
. D10 D50 D90
FE (<2 um) (2-10 pm) (>10um)
(pum) (um) (um)
(%) (%) (%)
YSM@0.0 15.6840.29%  60.0040.409  24.3310.11* 1.4340.01*° 6.4440.00° 27.0440.01°
YSM@0.3  15.3840.24¢ 59.83#0.219  24.7940.03%  1.4840.03%* 6.3940.01%> 28.634).012
YSM@0.6  17.1530.38° 62.2440.96"  20.6140.58"  1.3240.03° 5.8240.06° 25.8740.02°
GSR@0.0  16.90#0.04¢ 68.3240.13¢  14.7840.17°  1.3040.03°¢  5.8040.05¢ 24.4240.12¢
GSR@0.3 15.6140.07%  63.90#0.04°  20.4940.03" 1.3840.01°¢ 6.2840.09° 22.34+1.24¢
GSR@0.6  16.0840.11¢ 63.3940.20°  20.53#0.08>  1.30#40.10° 5.7540.08° 21.7040.05°
GXL@0.0  15.2440.15¢ 72.9540.25¢  11.8140.09¢ 1.5840.03% 5.3740.04Y 11.5040.03f
GXL@0.3  18.49+40.16" 78.860.362 2.6620.20"7  1.4340.01° 4.6140.01° 7.5940.029
GXL@0.6  19.03#0.122 77.7540.03° 3.2340.15¢  1.3740.02% 4.6140.08°  7.804).059

VE: FISVEORE AN 7 REFOR LR 22 5 B3 (p<0.05).
3.3.3 M HFKREAKT IR X-HEATH T

X-5F B AR A 52 2 0ok A £ P9 B A B 7 AR AT IR IR, TS (] F 3 S P
FTTIERIREE WX, TREUER R T R IX B, TR, BTG i S oK Rg Ko fse f it
AhH) XRD BEEAE 20=15.13° , 17.31° , 18.08° , 23.10° ¥JHIEUATEFIE, 60 Shos bR
JE W R AR 2 SR A FUSE R aE i . SILERE, 75 12.5° HILSATHIE, Vv BRI
FEAEVERA T Ve - T S r e B, i SRR FEVERR (1) XRD T8 B, JBUAR M
HHE, 12501, RPER-TEIE G, EMERRE, A B RaiigE.

Ak, H3R 3-5 ATEn,  ERERE E O T SR AK AR KR AE R A 25 SR . 3 b
TS R B AR KA (R X 45 it B2 B o SR DA FE I T s IS, Kb & &b m, e
e mBEG, SFECKR X 45 MR K. JFHIEFR S0 YSM. GSR. GXL X
KA 45 e R AR, 5HA AMESR SRR LEA M. BREREA)E,
YSM. GSR 5 GXL & ¥ FAH X 25 i B i T KoKy, L bk B 0 36 K35 2 35 1
K (p<0.05). ERTRKEH 7T A2 OB SRR FEVEN 7 T HEF B R, 1 52 m vE
KRG PR RE o« I HL R 5 57K R KM RN K IR FE A AL 22 R A W T Rl 50, T R Ak
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