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Research Progress of LipidsInfluencing Starch Propertiesin Rice
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Technology, Changsha, Hunan 410114, China)

Abstract: Lipid is an important component except starch and protein in rice, which not only has unique
nutritional value but also has a great impact on the functional properties of starch. In this paper, the species,
structure, distribution, and content of lipids in rice were summarized, and the mechanism, structure
characteristics and influencing factors of starch-lipid interaction were discussed. The interaction effects on
the properties of starch, including swelling, gelatinization, rheology, retrogradation and digestive ability
were reviewed. This paper provided useful information on understanding the interaction between starch and
endogenous lipids in rice as well as its influence on the starch properties, which could promote the
improvement of rice quality and the development of functional rice.

Key words: rice; starch; lipid; interaction; structure; features

K BEHE: 2022-09-17
BESWB: EREAKRBSEASTHE (32072265; 31771899 ); KM T A5 #E 15 sh & 3%

Supported by: National Natural Science Foundation of China (No. 32072265; No. 31771899); Changsha University of Science and
Technology Research Starting Funding

fEEEN: TR, o, 1998 FFHAE, R4, R A5 B, E-mail: 2498337060@qq.com.
BIWEE: S8RV, L&, 1973 F4E, ML, #UZ, IR ARERN T, E-mail: 109823769@qq.com.




315 2023F £ 18

.
WAL

RENT

e R—FE EAONFEEZ—, KK
MBS, WMiER . EHBEMER, 2AMTH
WK R E A 5 AR R e A
B AR LG, TR TERR BB R A kR — 2K & i
BAMAEE R ESRY T, XRORIIE . i T
IR S T A BB Rk A TR I A 18] B
Orf. Ak, EREK BRI R, M a8k
e oK 10 3 A Jo R B ot SO A% A A Y e A
R, ROk RRIIRR M & & S HEWERE D
EMAE, BEE NI ARG, RO ER O
ARGz e FE RN T, XEEA
TN 3 LA s S PR IS B A KR P,

VERY 5 R T AH BLAE F LR T Ve # 5 l 4E
YIRS A 0 VE RIS, IREIR B BE VE A S AT
VR AR LSRG, BT R AN R A A
Yo, WRRRGTER . ¥ 0B RE RN B IR H R, W LA
B3 MO R R SRR N, SRR
()52 A BRARTE R LK T B A B, el AR 1 3
KR, BRARE KGR ST, REZZMIAL, FEARXTEE K

|

Kok: DRI @FE BTl @ HIKE
TF. QUHKBE ©® NIEH

i

R BURME ST BRI, VR A AR 4R FRA
RS RS R K 1 SR RN TR AR
R TRORAR RN | gt o0 A K, TRAE
PHE T IR IR 2 & WAL B LRE S5 R AT
N SYIR R EEINR, AL T SR
SR FL A TR E A K T BRI | AR
[l AR - AR BRI, DU D R K Al
o R REPERE K BT A S BIE 2%

1 \BRERSE. FHRIE

A FERL (1) B4EFIE (16%~28% ) Fil
PR (72%~84% )o FRITHRFZ (1%~2% ), Tl
Bz BRO AR E (4%~6% ), ERIHZ | IR (2%~
3% ) FIIRFL ( 89%~94% ) B, Rk h (B i 24 15
KT 1 0.3%~3%", FEA [ (4533 2341 A 4
1o R 34%~37%mMFEMT, 19%~26%53 11
TEER K, A ER o 5 T M WURLZE 5 T8 1R & AT
TR WEFL AR B E 2 A E LR S
P, B O AT T R AR RS, MBI Bt

B S

B 1 FEAFHEY
Fig.1 Ricegrain structure

WA= 25 AR, BR BT AT 43k HHh =Bk
(TAG ). Wi RgifR (FFAs ). Wifi§ (PLs ). 4
g (GLs) FHERALY (A BERMER ) &
JUZEMN HobH i = R R A o B A AR
fIg , B B2 IR AN =F 5 e B L R an sl 2),
S KRG e B AL, B TR
B2 AR 20 B R AR R A T AT
RS, AR . I B A A A A0 e e

NI SCHERR BT A3, i SOFFRLAR BT 10%. H i
TERA T HUA B T HilwElE (GPLs ), EEALHS
ARG (PC ), BEARME L BERE (PE), G
JULEE (PY) 25 o BN RARBEAIRZE i 32 20
SRR I 80% !, R4 P A B B TR 1Y 7 2
HURER Y, T2 AT L S B 2B OB H il B
FUBH M8 . B FUBH W SCEFLRE TR
RCEFURE T W, FE AR E




RENL

.
WAL

E3145 2023 F 1 H

BEEH (REH)

BETRAREVERE (HIRE . )
@

HEtwEl EREER-IERE AR

TR (FEFL)
(b)

2 E#MEESIEE MM
Fig.2 Starch lipid and non-starch lipid!™

R SR G5, BRI 73 R VR s i
(SL) FHEFEHM G (NSL ), WFkly Nt ik
BRI RS Fe T AR IR AR TEA A 5 T A R
WRIZEEAMEL, FEAEIEAZDIRERK . g
itk RS9 EARES SIS, F%
A5 HIMIEZE (TAG. PLs. GLs). §iE3SHE
B G R A B T R EL P B R £
G, XA AR BN FREEELNR 2, BV I W
BEARGH (LPC ). % @A LBl (LPE ) Fiilf
AR R W IBERE (LPLs ) JERERR A — i1
2%, Hip LPC Ml LPE J&AE KR ZL b 3 2210 %5 1L
BENRZH 7y, FESHEREWIEREGY, Doy
WHE 55 % ERT 73 B e R E A,
VE B -V I BE AR 2 AW 2 K RS TE M s Y
50%!" KBRS MR 2H A IR (C18:1, 32%-~
46% ) IEAER( C18:1,21%~36% ) A HEER( C16:0,
23%~28% ), AL EMEIEIR (C18:0, 1.4%~
2.4% ). WK (C18:3, 0.4%~13%) %, S5iE
WAHZE G E LRI (C16:0 ) F1E R
(C18:1) ", AT MAR FAE R B 43 A1 N 14%~
18%, TEEK K Hh R 51%~62%, 1EVMIHS 2 AN ik
FLH R 25%~33%, T 48%~71%1IVE RS I B T
RFL P

FEORPBR2E & B AZ KPR Rl . BRI IREE . I
BFIR] L TR BE AR B 3 26 R 2 g 71
Yu 25N E T 92 AMREAR RN MR S i, A
AR R Z AR 22 5, Hoh KGR IR T o &
3.07%, RGN 2.85%, MFEH 2.71%, 5HEAEHH

o, RS ER B RS K AORRR R . BEARTR . R
RRAIAE AR & B 0 A B, bR IR AR o
FEKZESC, BRI EIE T RAN 1%~4%, H
KB (FhRe . W Z . IR ) RBRS T B K, H
KGR A RN 0.2%~2%, Fifi 5 OGRS B 14 =
B2 A AR, KRR oK Tl S Bl T LA 22
A,
2 EMEERNEEEANERZWMESE
21 EM-FRREAYHHBIER S E
AW KIAFAETUE T, Wl FEA IR BiAF
TEITE RIS A3t A B i 12 Bt R R 22,
B3 AR BT C A ) A7 E 5 S A W SR T 1 SRk M
FHES) LR 0 S 1A, 1A Y. FEY R A
1 S HE S TE N BRI IR — A BAT K Y B 2 T
BEHE, R BT RSB K SE A, B AT DL s
L KA B A T E AR 25, TN 5k a2
RIE, TS LB ANER R I RIMERT . EANRE
HEABRTE T BT LARR O T (9 40 Sk 2 MR i A1
1T 1 i 0 R B DU e MR M v, B B AR A 114
VEB-BRIEE AP, gk 3 pRt,
AW AR E W S — R IV A B
TEFT, AR Ve . /KA AR FRITE A 0,
T U & YISl 1= B BTG R sk M BT, 7E
IKIEW R, O ) B T MR E PN #3553 B P B3
T . FaEESYEHR G TN,
TOTEAR T RS, R ATENY B R I e AT 2 1]
e REEIRNE . Oy — e IR IR E T H A




315 2023F £ 18 .

.
WAL

RENT

EHETERIRIE 1 i

C

B3 EM-EREAYEHEED

Fig.3 Thestructure model of starch-lipid complex!®
TEM 5 H AR Z [ AR E AR, BRI 45 H 3 1i o5e
K, NEREK, A AT KA AR R R

— AT, — MR TS G T E 18~
24 NHIERERAL, A 2~4 DIRER, FEMS 6
o 8 AR, RBELS I SMET 1.35 nm,
AN 0.54 nm, Al 0.81 nm*®, S4EE
B — LS5 r L RA R 15~25 AHETHE ALY
THEER, I T IS 5 2 S e T
B2, MToTHEREMNERE, HAAEE %
A BE A FRA, 5 18 BT 2845 RE 0 LE B vE
Bty

L VE M FICAR 2 () 22 b W1 A6 0 5 745 &
JG, R D HES A R 2, HAR e T
JEWHEZ 1, SR, X 2L RS M Ay it —
ARV RIZERE, H AR BRI, kL
A AR AE FE I 10 nm BERSHIE R, 22
BRAR USRI i AP, Rajesh GAEPYH
P, R ] )t 2 DX ) B A OK )
BRI P TER IR BT 5 W B JZ ARG A FI RS54
e 4 froRB,

AR TR Ky — i Tt 245 0 4 e g
REAEE) T RE SRR R RS 5w
2 BT DA T4 fh R EE AR B S8 H AR
I B 52 5 Wy A e it 32 L T R il B2 IR 10~
30 °C, HATLF A, 1 AE &Y RoR
WALV RIZERY TR S YRR E TR T |
REEY), EHIERERET 1 HEaY) . 7

'2/,9 [/»3 BEFR R
A
i
“2@9
N, FE

WEEAET, T RESY LA T RE5Y .
TE I8 45 R 2 B HR PR T i FH R S5 F) 2K B R ik 47 52
EER /b ATAINE LS

REMTER

(\N\A
BN

B4 EM-EREAUNEREN (A) BkREH (B) ™
Fig.4 Lamellar structure (A) and globular structure(B)
of starch-lipid complex®

22 BIMEM-EBREASYEBNEEZERR

VE KR B 526 W T 12 TE A i BT R 254
FIVPE BT A 52 o JE A R TR . BB VE A /S B TE B L
HEEEMRG R JRREAL . IR Bk R B A
TRURIRE | i 5 ) Ak 4t M IS5 i 2 W A BB
B RS, Koy A IRRE pH HE
TR ST A A A T A S P
22.1 VEH

TE A 445 4 2 R S VE K3 MR BT A2 5 WP I 56
SRR o AN [E] A Y ROK TE # 5 B8 B A [R) 52
ERRENE SR, Gelders 25T & B 4
TEMBERRAS , SRR BUE U6 W0 2 i BRI A 25
T . HEREM NS B W EE S
RMEEMEN— N EER R, A R & &
B 1 =R =3 i R N [ET 2/ 111851 R by N N ]
P00 2 AP Y I R vE R i T R
o AR, HE G R 7 AR T IE H ek A
HERERYD . HAETEM R A B th SR E AP
WL, R E A WIS RSIRG . B8 Yk
BOMRLEE | RSO T R Ao RS — T B A VE A B
R m . SR, R HEEEm LK, &%
HIGZEEL, RIS EG, S —hm, Rk
FERSE, B TR A A I BT




RENL

.
WAL
e e s

E3145 2023 F 1 H

— MR, AR O S AT g SRy 2 A
SN, Liv PRI T M L B> XA
[7] E K VE M — H R B H IR &2 A W B A 5
SERRY], SIS RTE R 5 iR 2 A T
EEE G RETT . TR RIS 3G T AT 5 s BT A
AR A R ERE OB RY . Zhang 0%
RIEAY S AT DR T ARSI nE R . BARR
TE M3 L T LUK i SCEETE R 43 3 By o-1,6 4
T, BRIEE R, B ANREK R 2~3 1
AR B BN S o 5 5 TR A I ) 7K s
FALL, 6 =2 Y I S0 A% e T A A3 T i
AR S8 o S D oy T IO 5 2 A 45 5 ok 42
EIUE R4 A RE B,

222 R

AE 5 BHEEVERIE I & Y RGBTt 45 FFAS
S (MAG ) Fl LPLs, fl MAG i, FFAS
HIEMIE I G YR RE s, BR2IEMNE &
Pk sE e R . TS AR, H il =R ( DAG)
Il TAG HIAGRIE E & W) SR AR & TP e T
=R BE R A W

P BUicstE A, BRI E & YRR, e
TEEBE, BCE YRR, X FEEERE TRk
5 55 1 T A MR PR S EL A T SR 1 K AH EAE
T AR E WA, DRI i s 5 v 1) O ol
HAf s . BAREER IR FUE R G ) i ds 16 L fg
o, S A Y g e ok 15 S IR TR BB TE
¥y BB E 2 (B JE R s KA AR T, kb,
FARBRBE T At S B A R TR, R
file B s, AR SYRIE . AEERK N 10
A al D SR I B L CTA A R E A B A,
AT REE R BEATE K s i B2 R K, ANRETEBI K
HEIE s o YR R . RS TR LR G R B K
ATRESE 14, 16 3% 18 MRIE TP,

IR TS AN A T RE B vy, HC s A7 BH AR BR
EEYRPGEE 22 Tang PR e S
INEVER AW, TG B4 i EE N IAES R 1 B
NG T R AN B A M NI B AT, T 255 45 HU Rl
JE 7 PR m SUERE S0 ) 2 o i 398 in o AN VR R BE 3
AT RE H T4 = B D R 1 i R AR i S P
J, LT RE TG0 D R 1) s TR A7 BEL T 49 ) A

EWITE R S A R K /N A 5 R TR 1Y
AN BEAR G, AN RN BE 855 T BB T A i) o B
K, MITREORAR I K AR RS 5 R
BT HLZs A G S 2 AR, R Az 21023 [a) 7 BH Y
S TN S 1 A B B e R e A b, H K
ANELFRN G o 1 RSCSEE A F e S5~ 1T D |R 3 3
AR — e FERE e tees , X S A AE TP A
BA VIR 2 R IR eSS I, XAl et 2 8
RN B TE B4 A2 T ok R A R A SRR

T A4 VA J32 R ik B R T B R L AR
B, R BCE A B e A T R S R AR AR i o A
JRIAS R, vk i B iRA F T2 AW IIE AL,
MR R R R, BT RS, BB
KO AERRE, MARS HHEEMIERE S
PPN AN, RS AR TR Y L ) R B
TERY B A YRR I P PR R o S B VR B )N
ELBE VE MY WA 2 R FOR B BRI 5, 5B
IR A W BT B R S 3
223 JERERME

BERE . RN K& & pH (HERH
RMSTE— R E R E R R E S Y E
A R A B AR B R i A IR
(>90 °C ) FEH 1 S5 I st [B] B A% 1 528 € 4 5 B
BRI EAER, PR E S YIE R, JEHE
ZERA T TR E S H0Y, Rk &S B
¥ 55 0 B IR Y 3RS B A WP T R TR AL RE
HETN I AR K, TARAK 2 = 0 R T
YRR, FHE T EE AW, Gelders
SEDOUE Y R BAE 10%7K 70 & T 41 1 R
RV AL, MTERKS S & T RREER
s VAEES . Wik, SEAREMKS & &
REfE—EBE HIRSE SN )T,

FEPPE pH 25140 T, HEFEM-IRRE S YA
GIE AR DLTER O, AE B BRAFAE IS LT
pH {E/NF 7 B, W] 2 Ui vE 3R 15 & A I8 W5 B2 R AS
WHE G, XEm TIRNRR BTy R L
A 5 A WA iR SR AEXT pH FNEh e i 5 ABURR
EFIEEA R, ARTESYRIER, T
WHER LR RIS e KA EAER, M
MBH 1R EAEVEM M2 . 534h, FEwm pH BT,




315 2023F £ 18

.
WAL
e e s

RENT

JOg 7 P T AR A P RIS T T i e L i
Al LU HE R A T .

3 BE BT FE K M E BT AT =20

T oK v B B JoT X UE B 1) AL M B A B BT
W7 e AR AL B AR E AR, A v LA SRR
et 5 B8R VER A EAER], BUEAFTE T RATER
OB TE A — R Bt 525 1) 52 M B P TE A 1 O AN
B, L2 R R A K H A T S N K
WIACRRE . AR SRR . WA R AL R 55
31 &’EkA

TE M TP AR AFAE 1 B BT FE 8% 8L/ )N TE A9 TR 1Y
fhk, BHIE ELBEERY AYI% T . Debet ZE1*f 18 %
B, T B VA I RE 0 55 6 o B A I S AR OGP
PR T B TE R B I 2 e AR AR o BB A3 VE M -
BB AW RAFAE T ek, RS e YR =
FEAR = R T RAK G, R IER M
B IPEAE 22 o WS ISR B I3t 25 3 ) e 493
Rk, A B T2 5 A i v S A BB VE
TERE AW, B 5 78 E By O ZR T P B 7K
2, BHAFIK AT [ TE A N B2, AT A A T A R
KM . Zhang 25 VBIFSE RS % 3 A9 B AL P 5
FRISER A 30 g KK 2748 i b ) v T 0 eIk
HABFT A L BRAEHE 1T @M TE K i, 808
JiK S ¥g
32 MR

TEM BB SETE K T FAEAE TS TER Bk
TE A UKL ISR 43 TF R RE I, 58 0 L5 DE K AU
bR IR BT S Y S5 T, A R RS B kG
B S B Ry BOREE RS AR B PR B0 A7 AR BE 5
UEESIRA 8 A £ A

Zhou %1 04 e i 1 R0 IV JRR IR A I 1K K B
Kb, AT DI E M B KM, R RRRARTER 1Y
VSR PERE , DT DA VA, T A A
frERE . Hodr, AR DR RE I s, Wl
RE N B 5 HEREM I B 45 A2 E o Nelles
2V S 2 A (R K, B T AR
PR, X EEETER 5 N IRPERR B A
iR EEYIIERE I T 5T NI
HE, IFROREE T RN AR rh A FURE 1Y) e e e

AT IR ) AL 2 ik 28 AT A (T 8 0 e 28 B
FLAEAS M AL R 3™ 3 b 5 i A B T g
T AR B AR o B B 1 I D PR AE V8 AT I B
HAB IR, Ol TR ITR 5 A
HEVERY BA RIS RE o IR RO Bk
FERRET, S AEDEVE M B TR IR ARIA o T UE K N
H R SN B AR Z A B & P ik 78 >4 kL
(] 1) 32 4 DXOR 5 R BE R AL, 231G v A 4 1 0
KR . Uk, SZEETER AN 3 ST i S S
A, I HEIMBOR s AR P R, (155
R R S A0,

33 METHEfHH

E A %) UL A8 P T R AR TR0 | i RV Bl FE
75 DL KA ] A 5 i Ak 3R A 1Y) B b A A
—MIEOLT , VERRIRGPERE IR . S YR Y
DIt el ek te 2 sh A28 4, o =Bk,
VEM B TR AN BTV i . K, R IR BRI LR B
5, HA#REE S (G') FHiFERE (G”) By
K, #RHF (tand) W/ ; FEHERENI &,
GBI/, tand MK, FWIIZMIORL 04 A i 451k
FHRJE, G'. G"Hl tand Y3 K, FHIE 7€k &E
Ji5E 1o 45 03

VE N 5 B BT AH AR 5 e E A RS s, —
T L, GER 2 AR BT 30 GE R ORI,
H R R AR A, RBOLA BERRAR, o5 — i,
AT B IE T vE Ry RS> T B SR A &
AR T AR I 2 R, IR R Y Li
S DSVRIE S T R A K TR RAS A 1 EE o 5 R I TR
REW AT AL VEBTW S, B A B D7 R A 1Y)
T, G G/, {H tand {E34 K, KBHA A
FHRIPR TR 5 VE Ky Z () AH BLAE A B A W) AT
S EOR BEAN ]

34 [E%

VE A A ] A A AL S R0 TE R TR R IRV A i
b, WS TGP B S T T 4 Y
MG R EIE R WA BB R Il AR 4
ELREVEM P A T G FN GG &5 T Il A= R4 S
e G A S S Y TR O

TEVEM BB AR R TP S IR BT, i 23 Ik 2%




RENL

.
WAL
e e s

E3145 2023 F 1 H

AN T A A7 PSR AL B 4 1Y s g
FBR B AR5 LA H TR ol s R FH )
PoBALR, PrBSER BT e B R A [
AL . HEEER Y R4 52 5B
WA HERPSE AL, X ER R E A —E 1
W, 525 WD U 7 A 1 23 Ta) Ao BEL A 2 0 o
VEM 73 Z (RIS 3K, AT AE 2 1 € by 2 190 1l A=
il S Ve by L 2 A A A IR BE AR, AT RE 22 €
¥yl R RS R J3Ah, WSmAR T, Bom il
HYE KR TR A W T G, BELAS T J50RE X 7K )
WA K, PRI AE G R b AR T, W
X UE A 1 [ A A 38— IR AR 5 B 0T S S g
TERHYANY SR TR, SR 0 1] A BT
35 iHib4E

B STEMTERITE M E G402 RSS btk
FERY, X T E RSk A i A STk
A IE L 2s 7 A2 WG 7 TR 520 . — 7 T BEL A
THESIRYMNE G . BT BB VE R T4 5 ) 5
TREZEHE) PR AR RS T BRI LA A, (i ELREUE
¥y o3 A5 AR S, SXRE R T A K S e 1 2
GG, fE—a R B3RS T B VE R X 1k
Wyite; J—hm, ZEYH T o FH AT
PER . GSBUR M Z AN G W A . 45 &b B
A Y T A A N e, V- gk S
8T JSL A 3k 52 e 3 93 114 - 5 R R RURE A 1 1
WZE T VEM I AL 28 ) R . Ahmadi-Abhari
2OV 5% e B LA TR TR A W T AR R
R A HAETE M EE AL, WA TE R
A AL

TER R B A B B 52 B 2 A R R
oM, W E R SR R BRI R 4TS LA
Je BB TERS G TR A W AR EE A0 B gk
B, B EEEER DP=60 A fe - A kaE iy 11 1
AP R N B R A B H S B 2 DT
FSC A 5265 D30 b R AN AR R PRIl TR Y A2
HYEmARSNEL, TREAYH 1 BZAYE
REMHRIVERITH AL, KB WSS S 5 IRSME R T
b 5 Gk 0

Amina Khatun 2555 F2 0, AKRRE R ()
il =85 (TAG). BEAEBEAEE (PC) FO¥ M %

BE (LPL ) & IEPERR BT 5 3k i 1k 2 A G
Zheng Z5VE BUAERHAL T (HMT ) 378 koK
TE KB 5t A W BB A AR R OK B R B AT T Ak
it 52 P o 5 ] PR A B ROK JE A A/ INERAR EL 4]
ML A4 3 O Yy 1) /N BROHE IR . LA . 28k
I R D Be A A /48 AR K . FEAR S S 5%
Hr, T EAR B SR K R G . Wang 251
T e BRUASTIN T g 17 18 1 D€ 3 e i L Dt D A9 P 9
fERA%, Zhang ZPWEST R AR DU TR &
5Re2e 5 i 3 EAE G

4 %\ =A

SE YR BUREAR T RS KT b B K E ) A
WERRRE, SEZETEABEC AL RN B A, I s 2 FL T
P o B AR TE R —NR SO AR A BIE S UG 1 —
FESERE, AEANAEAE—LE R O iR TR i e
oy BEAL P B i A5 05 202 S SN IR AR Jo A B A
ARBE, B TN AR - A K AR S A
[, EBARAE A —E e 4, 5B I BR2R A
WSS RIE A i TEOR, ® Ik
s BT TR AN [ BE Rl U 5 W R AR 13
MRS AR, BRI AR BRI
ZALHARSEA R RIEAL, NI T 2E— 2P HE 5T ek —
IS AH EL AR X 79 0 20 2 4 4 52 o S BB o
ARk, TR AR o 4 2 B i AR RS A3 5
ARG 5 o i e S o - B AR A v R Ay
EMEER, AMTIRARTORRENG AR 2 A1
HLEE, i X e 4 -5 B BAH SLARE A5

~

Sk

(1] 3, kAR, Bemess, 45 R TPRIRET MG . A, SRk
DA AN 5 ik 55 E B [J/OL). &Rl 1-10 [2022-10-13].
http://kns.cnki.net/kems/detail/11.2206.TS.20220621.1550.009.html.
HUANG S S, ZHANG D, DUAN X L, et al. Research progress
on distribution, composition, function and detection methods of
lipids in rice[J/OL]. Food science: 1-10 [2022-10-13]. http://kns.
cnki.net/kcms/detail/11.2206.TS.20220621.1550.009.html.

[2]  SKFBE. IRFUIRIERI TR Sh R AH AL PR A2 R (D). #iToR
2%, 2018.

ZHANG X Q. Effect of endosperm lipids on rice quality and
digestive properties[D]. Zhejiang University, 2018.

[B] g, MR, BRI T MBI R BT T HE R[],

WE 5, 2015, 28(8): 1-3.




315 2023F £ 18

?ﬁ IGHEEEE

SCIENCE AND TECHNOLOGY OF CEREALS, OILS AND FOODS

RENT

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[14]

[15]

[17]

LIY, LIU K L, CHEN F S. Research progress on lipid aging of

rice during storage period[J]. Journal of Cereals and Oils, 2015,

28(8): 1-3.
A, FRER, RICE, B KRR T R A R 2 0

FEERED). AR, 2020, 36(12): 159-164.

XIM,JIY L, WU W G, et al. Study on influencing factors of
rice eating quality and its prospect[J].
Science Bulletin, 2020, 36(12): 159-164.
PUTSEYS J A, LAMBERTS L, DELCOUR J. Amylose-

Chinese Agricultural

inclusion complexes: Formation, identity and physico-chemical
properties[J]. Journal of Cereal Science, 2010, 51(3): 238-247.
COPELAND L, BLAZEK J, SALMAN H, et al. Form and
functionality of starch[J]. Food Hydrocolloids, 2009, 23(6):
1527-1534.
AMAGLIANI L, O"REGAN J, KELLY A L, et al. Chemistry,
structure, functionality and applications of rice starch[J]. Journal
of Cereal Science, 2016, 70(70): 291-300.
JULIANO B O, TUANO. Gross structure and composition of
the rice grain. In Rice, (4th ed.)[M]. AACC International Press,
2019, 31-53. https://doi.org/10.1016/B978-0-12-811508-4.00002-2.
TONG C, BAO J. Rice lipids and rice bran oil. Rice: Chemistry
and Technology, (4th ed.)[M]. AACCI, 2019, 131-168. https://
doi.org/10.1016/B978-0-12-811508-4.00005-8.
ZHOU Z, ROBARDS K, HELLIWELL S, et al. Composition
and functional properties of rice[J]. International Journal of
Food Science & Technology, 2010, 37(8): 849-868.
LIU L, WATERS D L E, ROSE T J, et al. Phospholipids in rice:
Significance in grain quality and health benefits: A review[J].
Food Chemistry, 2013, 139(1-4): 1133-1145.
R, BRZE. REA TGS R b U R R AR A [T]. 8
AL E 2 BE A1, 1986, (1): 5-9.
SHE G Z, QIAN J. Changes of four glycerolipids during rice
storage[J]. Journal of Zhengzhou Grain College, 1986, (1): 5-9.
KT, RBUE, RAK, % WRIGEM D RER M LA
PIVREED). AR, 2019, 33(6): 1105-1115.
ZHANG X Q, WU D X, YUAN M A, et al. Functional
properties and biological regulation of rice lipids[J]. Journal of
Nuclear Agricultural Sciences, 2019, 33(6): 1105-1115.
CHOUDHURY N H, JULIANO B O J P. Lipids in developing
and mature rice grain[J]. Phytochemistry, 1980, 19(6): 1063-1069.
B, BRI, AR, BRIy sURIRB AR X K I 1L B
HE S BRI, B4k, 2018, 32(1): 95-103.
TONG C, YAN S B, BAO J S. Effect of milling method and rice
flour particle size on lysophospholipid content in rice[J]. Journal
of Nuclear Agricultural Sciences, 2018, 32(1): 95-103.
KITAHARA K, TANAKA T, SUGANUMA T, et al. Release of
bound lipids in cereal starches upon hydrolysis by glucoamylase[J].
Cereal Chemistry, 2007, 74(1): 1-6.
PIGGOTT J R, MORRISON W R, CLYNEJJIJOF S, et al.
Changes in lipids and in sensory attributes on storage of rice

milled to different degrees[J]. International Journal of Food

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Science & Technology, 2010, 26(6): 615-628.
VOAHANGINIRINA R, ELIE R. Effects of planting location
and storage time on lipids and fatty acids contents of some
Madagascan rice varieties[J]. African Journal of Agricultural
Research, 2007, 2(8): 349-351.
Tokar, MG, B Am, 55 OKAEARDT & oA B S 'k
FTRAHSEME ST I]. WHLARRE, 2007, (6): 669-671.
YU Y H, ZHOU P, DUAN B W, et al. Analysis of rice lipid
content distribution and correlation with food taste quality[J].
Journal of Zhejiang Agricultural Sciences, 2007, (6): 669-671.
FLWE, 5K, WhEBR, 5. BRIEAR X JOKRRHIEH 4 Rk
A R R R T]. B S, 2019, 35(5): 195-201.
WANG L F, ZHANG L, YAO Y J, et al. Effect of the milling
degree on the characteristic components and the quality characteristics
of rice flour[J]. Food and Machinery, 2019, 35(5): 195-201.
AZUDIN M N, MORRISON W R. Non-starch lipids and starch
lipids in milled rice[J]. Journal of Cereal Science, 1986, 4(1):
23-31.
CHAO C, HUANG S, YU J, et al. Molecular mechanisms
underlying the formation of starch-lipid complexes during simulated
food processing: A dynamic structural analysis[J]. Carbohydrate
Polymers, 2020, 244: 116464.
WANG S, CHAO C, CAI J, et al. Starch-lipid and starch-lipid-
protein complexes:A comprehensive review[J]. Comprehensive
Reviews in Food ence and Food Safety, 2020, 19(3): 1056-1079.
TRM, BRI, TR LT 73 A s iE 55
BUREE BT A EAE AT SR T S AR ] RS
Y AR £, 2022, 41(7): 44-56.
WANG C P, CHAO C, WANG S J. Study on the interactions of
starch and lipids and proteins based on molecular dynamics
simulation: current analysis and future trends[J]. Journal of Food
Science and Biotechnology, 2022, 41(7): 44-56.
OBIRO W C, RAY S S, EMMAMBUX M N. V-amylose
structural characteristics, methods of preparation, significance,
and potential applications[J]. Food Reviews International, 2012,
28(4): 412-438.
GODET M C, TRAN V, DELAGE M M, et al. Molecular
modelling of the specific interactions involved in the amylose
complexation by fatty acids[J]. International Journal of Biological
Macromolecules, 1993, 15(1): 11-16.
ELIASSON A C. Interactions between starch and lipids studied
by DSCJ[J]. Thermochimica Acta, 1994, 246(2): 343-356.
BHOSALE R G, ZIEGLER G R. Preparation of spherulites from
amylose—palmitic acid complexes[J]. Carbohydrate Polymers,
2010, 80(1): 53-64.
XGERY, Z240, RO, 5 WR-IETRE WA
KT, &Rk, 2009, 34(7): 209-213.
LIUY Q, QIN L X, WU S B, et al. The interaction and research
progress of starch-lipid complex[J]. Food Technology, 2009,
34(7): 209-213.
AR, mBtoc, AR, 5. BRI RREERON m B oK vE




RE

T

?ﬁ IGHEEEE

SCIENCE AND TECHNOLOGY OF CEREALS, OILS AND FOODS

E3145 2023 F 1 H

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

-8 A A W) 45+ B B AR 1 JS 5  [T].
2022, 38(3): 25-31.
JIANG J N, XIANG G Y, DENG ] Y, et al. Effect of fatty acid

B 5L,

chain length on the structure and physicochemical properties of
maize starch-lipid complex[J]. Food and Machinery, 2022,
38(3): 25-31.
LIU P, KANG X, CUI B, et al. Effects of amylose content and
enzymatic debranching on the properties of maize starch-
glycerol monolaurate complexes[J]. Carbohydr Polym, 2019,
222: 115000.

ETIE, B, M JIORIER-IERIE Y& L2
Bm[J]. i Tk, 2017, 38(10): 105-108.
LIHS, CAO S Y, LIN Y, et al. The preparation methods of rice
starch-lipid compounds[J]. Journal of Food Industry, 2017,
38(10): 105-108.
GODET M C, BOUCHET B, COLONNA P, et al. Crystalline
amylose-fatty acid complexes: morphology and crystal thickness[J].
1996, 61(6): 1196-1201.
GARCIA M C, PEREIRA-DA-SILVA M A, TABOGA S, et al.
Structural characterization of complexes prepared with glycerol
monoestearate and maize starches with different amylose
contents[J]. Carbohydr Polym, 2016, 148: 371-379.
GURAYA H S, KADAN R S, CHAMPAGNE E T, et al. Effect
of rice starch-lipid complexes on in vitro digestibility, complexing
index, and viscosity[J]. Cereal Chemistry, 1997, 74(5): 561-565.
GELDERS G G, VANDERSTUKKEN T C, GOESAERT H, et al.
Amylose—lipid complexation: a new fractionation method[J].
Carbohydrate Polymers, 2004, 56(4): 447-458.
GODET M C, BIZOT H, BULEON A. Crystallization of
amylose—fatty acid complexes prepared with different amylose
chain lengths[J]. Carbohydr Polym, 1995, 27(1): 47-52.
ZHANG B, HUANG Q, LUO F X, et al. Structural characterizations
and digestibility of debranched high-amylose maize starch complexed
with lauric acid[J]. Food Hydrocolloids, 2012, 28(1): 174-181.
LIU G, HONG Y, GU Z, et al. Pullulanase hydrolysis behaviors
and hydrogel properties of debranched starches from different
sources[J]. Food Hydrocolloids, 2015, 45(3): 351-360.
CHAO C, YU J, WANG S, et al. Mechanisms underlying the
formation of complexes between maize starch and lipids[J].
Journal of agricultural and food chemistry, 2017: 272-278.
WAH, Ik, HERE, & TEH-IRRE G YL S
PR R[], BT 591 %,2021,42(12):206-211.
CHU S Y, SUN B H, TIAN X L, et al. Research progress on the
formation and properties of starch-lipid complexes[J]. Food
Research and Development, 2021, 42(12): 206-211.
ZABAR S, LESMES U, KATZ 1, et al. Studying different dimensions
of amylose—long chain fatty acid complexes: Molecular, nano
and micro level characteristics[J]. Food Hydrocolloids, 2009,
23(7): 1918-1925.
TANG M C, COPELAND L J C P. Analysis of complexes
between lipids and wheat starch[J]. Carbohydrate Polymers,

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

2007, 67(1): 80-85.
SUN S, JIN Y, HONG Y, et al. Effects of fatty acids with various
chain lengths and degrees of unsaturation on the structure,
physicochemical properties and digestibility of maize starch-
fatty acid complexes[J]. Food Hydrocolloids, 2021, 110:106224.
OKUMUS B N, TACER-CABA Z, KAHRAMAN K, et al.
Resistant starch type V formation in brown lentil (Lens culinaris
Medikus) starch with different lipids/fatty acids[J]. Food
Chemistry, 2017, 240: 550-558.
SEO TR, KIMJY, LIM S T. Preparation and characterization of
crystalline complexes between amylose and C18 fatty acids[J].
LWT-Food Science and Technology, 2015, 64(2): 889-897.
%EJE SR, BUEL, S RIS 2O KB i BT 1 82 i) AT
PRI RSP, 2021, 37(6): 11-17.
MO X Y, YI C P, ZHU H, et al. Review of indica post-ripening
on the qualities of rice noodle[J]. Food and Machinery, 2021,
37(6): 11-17.
DEBET M R, GIDLEY M J. Three classes of starch granule
swelling: Influence of surface proteins and lipids[J]. Carbohydrate
Polymers, 2006, 64(3): 452-465.
ZHANG X, SHE Y, ZHANG N, et al. The effects of internal
endosperm lipids on starch properties: Evidence from rice
mutant starches[J]. Journal of Cereal Science, 2019, 89: 102804.
HR. RICRTER - BUE G WU & . S5HRAEL M (R PET
ZX[D]. WL TR K2, 2020.
TONG S. Preparation, structure characterization and digestion
characteristics of indica rice starch-lipid complex[D]. Zhejiang
Gongshang University, 2020.
ZHOU Z, ROBARDS K, HELLIWELL S, et al. Effect of the
addition of fatty acids on rice starch properties[J]. Food Research
International, 2007, 40(2): 209-214.
NELLES E M, DEWAR J, BASON M L, et al. Maize starch
biphasic pasting curves[J]. Journal of Cereal Science, 2000,
31(3): 287-294.
L, R, XUB, 45 SEMTIE R BT
=22 4R, 2008, (4): 215-200.
TAN H Z, TAN B, LIU M, et al. Research progress of starch

R,

rheology[J]. Journal of The Chinese Cereals and Oils Association,
2008, (4): 215-200.

/b tk, HERE, B, S ER-IRRE S YR L E IR
PR VR[] RN, 2020, 41(9): 238-245.
SHI S X, DONG Y Y, LI Q, et al. Progress on the function and
nutritional properties of starch-lipid complex[J]. Food Science,
2020, 41(9): 238-245.
LIQ, DONG Y, GAOY, et al. Functional properties and structural
characteristics of starch-fatty acid complexes prepared at high
temperature[J]. Journal of Agricultural and Food Chemistry, 2021,
69(32): 9076-9085.
MILES M J, MORRIS V J, ORFORD P D, et al. The roles of
amylose and amylopectin in the gelation and retrogradation of

starch[J]. International Journal of Food Engineering, 2014, 135(2):




315 2023F £ 18

?ﬁ IGHEEEE

SCIENCE AND TECHNOLOGY OF CEREALS, OILS AND FOODS

RENT

[57]

[58]

[59]

[60]

271-281.

FEDRRME. YR Il A S HAASRIBTE (D). VLRI K%, 2011,

TIAN Y Q. Study on starch regeneration and its control[D].
Jiangnan University, 2011.

PINERE. NRIDTTRISEL S TEM IR X G WSSt ANE AL RE 3
WAIBTSE[D]. TL IR, 2021.

SUN S L. Study of the influence of fatty acid type and starch
source on complex structure and digestive properties[D]. Jiangnan
University, 2021.

AHMADI-ABHARI S, WOORTMAN A J J, HAMER R J, et al.
Assessment of the influence of amylose-LPC complexation on
the extent of wheat starch digestibility by size-exclusion
chromatography[J]. Food Chemistry, 2013, 141(4): 4318-4323.
PANYOO A E, EMMAMBUX M N. Amylose-lipid complex

[61]

[62]

[63]

production and potential health benefits: A mini-review[J].
Starch-Strke, 2016, 69:7-8.

KHATUN A, WATERS D, LIU L. The impact of rice protein on
in vitro rice starch digestibility[J]. Food Hydrocolloids, 2020,
109: 106072.

ZHENG B, WANG H, SHANG W, et al. Understanding the
digestibility and nutritional functions of rice starch subjected to
heat-moisture treatment[J]. Journal of Functional Foods, 2018,
45:165-172.

WANG S J, WANG J R, YU J L, et al. Effect of fatty acids on
functional properties of normal wheat and waxy wheat starches:

A structural basis[J]. Food Chemistry, 2016, 190: 285-292. &

&iE: AW EAEERTAARIERM (http/lyspkj.ijournal.cn ).

AR 5 A R SRR T R




