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Research progress on the preparation of esterified starch and
its application in food
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ABSTRACT: Starch is a kind of renewable material widely existing in nature. It is often used in food industry as
thickener, emulsifier and fat substitute. The application of natural starch is limited because of its defects. The
processing characteristics of starch are closely related to its structure. Therefore, changing the structure of starch to
improve its processing characteristics has become a research hotspot. Esterification is one of the most important
methods to change starch granule structure and improve its application, and esterified starch with high degree of
substitution can significantly improve food quality. At present, the research on esterified starch of substitution is still
scattered and cannot be comprehensively summarized. Therefore, this paper discusseed the formation mechanism,
preparation process and factors affecting the substitution degree of esterification reaction of esterified starch, and
summarized the current application of esterified starch in food industry, so as to provide a reference for the better
development and comprehensive utilization of esterified starch.

KEY WORDS: esterified starch; degree of substitution; preparation conditions

EEWE: BRITAREE KL I(20212X12B07) . [H 5 E GHFRTHI5 H (2021 YFD2100902-3) 5 AR H 3409 H (32072258) .
S BO R B 8RS TR & LT A AA SRR H
Fund: Supported by the Heilongjiang Province Science and Technology (2021ZX12B07), the National Key Research and Development of China

(2021YFD2100902-3), the National Natural Science Foundation of China (32072258), and the Central Finance Supports Outstanding Young Talents
Support Program of Local University Development

EBEIEE: KU, 1, R, EEMSE T NSk SR E S EAFI . E-mail: foodzhangna@163.com

*Corresponding author: ZHANG Na, Ph.D, Professor, College of Food Science and Engineering, Harbin University of Commerce, 1 Xuehai Street,
Songbei District, Harbin 150028, China. E-mail: foodzhangna@163.com



5519 4 B 3%, A ERACTER A A S AR £ i o NIt 6125
B, ARLEE XS — E 25 P TR PN A5 AR 45 A4 728 A L R ik

il

0 3

TEM R FAE M SR, BEK. 4. K
KEFREAEYI W EZ 8, BN IREEIUATRA,
MURR A i SRt ae it . Bbah, HARAA . & T,
F AV E S IO W T FR . B KRR
TE M Y R, TR 25 L Aok 2E . U
#. BRAEIN T HEZE B, M EHAETER R
T LB, TERIN T AR S s DA RARTEM
—FhZRIEREY), BERASHWERIT 2,3,6 itk LT HRE
I, SRS RAHEI BRI FKIERE, [RIE ] %
WO T N/ BRI U, R gl o, ek
FEVERY 5 S HEVE R Lo ) SRt S X FLBE A AR R A —
SOl R, 3 e AR T A A A DL e LR A e, E
T 5 LA £ P ) I P R R 32 AT DG

BiR T R Ve M A Bt A ik 2 —, AT
TR EI AL E A, TR E WERILTE R, DLk
TEMPRIALARE . URARESE I . BERCME SN TR, I
FFERRE PR TR o BHEMER AL I8 TE LRl 46 T2,
AR FA 7 BRI TAHEAEELTER . B (degree of
substitution, DS)Je:f#5 &t iR £k 5 B F2 BE A ek R 2, v L)
Wb 25 3 B HUR e o T2 3 B EURTFIAE, Fs R
[l — B o, R B E ) T Ho fi % S BA os y l MEAL
S HEAEL R TR . Rk, 48 mER b s v B,
X Fk ek e o e N Ha, M ea R
TR X BRI TE R A B T . IR AR S5 7 1 R T8

ELHEVER)

SCHEVER

jj—tlﬁ’/ﬁ‘ VHEN G o TR, A TR G55y B R Ak S
Iof A 0 SO SE A 25 F ) R ) LA R T A SE A E 1 4
BT VR AN B AR, DB S e A0 TE R 7E £ ol
18 R FE 3 R AL DE A 1 4 2% PR ) S B S A 0 1L
1 Btk
1.1 EMXKFRRHLE
TE B T A R S 4 VE M 4 bR R P R Ak R

R R e P v SR S 2B SR AR E R A L R Y, DL R
VERIBE NG, A 1 R BRAEEMER, R Ak
%l%ﬁ%l/\ﬁ*ﬁﬁj\? o1 2 K S AL AR U, D RRARR I

1R . He PRER AL R 28T, AR IR Ak VE B 43 S A AL

@aﬁ*ﬁl@a*ﬂ%ﬂl@aﬁ%@aﬁkﬁ Hop g WL T B R 1Y
FZEFN VB E A T2, R IR AR S MG . S

FRVEAD B . BN R T M R 25, R O B S R A T
ﬁlﬁjiﬂc

1.2 FEEMSI& A

P A o ANk A A TSR R 19 A e
fevEky il e i, L AWBRME 2 FiR. BRIl
FHK SCHAR A SR e R L i Dy — 5 Wk BE S 5L, T
JRTEART 70°CH AT 5 B A58 SR - 2B RS 345 1)
ARSI A LR RS R, B
o5 — R e B B TR AL AR A3 DR AE Rl A T R, A AR
feiER,

RO

OR

n

Ll e

e

P L TR TE M T ML ] (LA P 3 o i g 1)

Fig.1 Formation mechanism of esterified starch (taking starch acetate as an example) "’



6126 B2 A TR R I 2 e

FH13E

[ksmsuas] [ msin | | Ak

/

]

\ \ )\ 4 \i
ks —] g —e{mmn—e] s e[ e e ek — T > i

b [ |

\

Y
——{
\J

[EA]
]

v
wkrekt —l s —e{Er—s{mn ] e ] mn ] i ] i s

B ()T (b).
B2 BRfbiEmdl s T2

Fig.2 Preparation technology of esterified starch ¥

2 EEfLiER DS HImEE

DS & S BB R R T SRR S Y B SR R, F8TER AT
FRARS DA RIS PE RSB B R s R R
SRR TR DS AN 2 EEA BRI R | ROV . X
BEEHE] . RFR pH % HISERFITRWI, FEAMRIZMET, M
FREEBEALTERS B S A T4 R, 3R esmlsb
N DS HAEEE Y, HETREWFSE &L R AL 5
R . PEARER Ak S AR5 7 iR T BRI DS,
2.1 MIFAXER MR

TEN e — P2 SR ZE I, ST NP L B TE R
TE A EIOCE T IX IR 3=, 41200 5 B2 R 45 i X S A
48 i XU R SR FR U eSS FE 1o S AR ST LA
FF . BB . SRS TFAMINZE S S A7 A S TR AL S
AR AT 43 F X AR A S3F N, BT e T 2 1 52 31 B il
AR EBURE G2, R, SRRy Bk ZER .
TENS -T2 T X R R TR T S I B 1 F R

MIXWFFEEMA, PRy s s il . O m st . ML
WAk MBI, FTLARESRSE R 4 F N/IBIAH EAE R T, 2
ARFEREERE, HEN I F NI R, AR AR T &
JEAVE A5, KT o S5 i 56 R AR L3141 sl s i A
BB F7 K% 23 Al 000 AT L fel i e b BT 2, R R
T 45 St A, (L A S S FLRR AN TR . 394K sy 2 fk i AR
] A e R i R A A ek 1 A T O | CE S B 2
FN, B e R DS, A 3 FiR . BESTE R 20
AL B 4 R ) A s SR IRTE I,  S R T IR,
WA VE R TR S5 R AL TE M, 5 AR A7 A T4 B A5 1 7
AHEL DS 15 5 3545 5 (28%~64%) 1> 101 {8 Ip T b F0{of 3 3 150
BLFERE S VR BRI, i 5 B B T R e &

ST, TR Y TP A I A, g B Ak R o 1
ATERY o, DA 3R A45 o O 7 i U7 SR LS 1k
(BRI X Y A AT LA B, B 1 T DA T G o A S e B
¥y & A DO EALAL, 6 AT LS/ INRE B 4 T AR B i g 1L
SN A AEA TS OL BTG A T B s T G i e 3
50%~60%"* "1, BLAL, BT & B LATR AT AL FES TR A
JEORHE P ER AL TE R, HLB R R R, X R T
A 7 A ) A B A A0 S R R A R, LB TE R
TR EF, TR S XD, S ECS S0t AL,
FHRSR B S T2 X S o6 Tk TR B R 5 14
ZE, DARR & UE Ry HE— 2 I N P AR AR S B AR
AR, MIEERE 2R TiE L FBL. W WANG %2
CaCl, VO Eh S EE My A T WA S 1) Ve R 96 o HE B8 i
B 5 PR BRI e IR T e R 285 B S RS
GENG P NS5y 1E NaOH/ IR 2 FEA T I Ab B X
A TER AL PR, b FRL R b Y A R B Ak, S EOBUE
TEX AR T LR 25 a5 2 2IRER, MMt T g
RSB T T30h, b/ NS R e . B AR 3 Fh
A SO R TER UE T TAL B, PSR S TR T
S A A TR ERVE RV, ML R, TGS L sE b A e 1k
YKy DS B, R 0.2012, M TFUERIERERT SRy EA A AU
fife, DRIty R X R T T B AR S e 1Y S
POE PGS PR ERE . KARIM 25230 a-Tes MR A
HIRHVE R X 2% S UE M UEA T AL B S A T RN S, B
TS R 2 1A S PR A, (B T HBURLR S
ek, ARG S Ve A b s v, KR H
T RONRCR . S RERS AT RO AR S OB ], XU 2285
LN TR S B e AE U SRR T S AR i 3
TEASHEA—L, (H SR A RT JL/ N 2R R % % 30 min.
(UG 7 T B REXTSE A A T AR e, (L Pl T 8 P 355 1 ) A



5519 i

B, AF: BRALTER Al A S OHAE £

20
_E.
=F
H
=
=
523
el

6127

cccccc:cc:cc‘"‘"-.»
OOOOOO N AN
NN\
SRy
S ie
O O

B HEE

N s mL

K3 AR BEXHE RS

Fig.3 Effects of pretreatment on crystalline structure of starch!'>)

HEAN TN o R v v K B R R R B 2, T AR s
JN 25 o Abar s bl 45 R L BEARE/DN, (R0 B 5
FLIR 550 A 20 20 5 o O e, IO 26 4 | G FLGF 3838 A i
TUAk 2 5 IF 43 RS E R BRSO P . T i 3y vk UL TG
VoY veREME R O R e SO, AR A S
WG FLY o 12, (AR e RS SRk | e
Sl NIk, RZOET R BE BB BT vk, FER
Vo TS A A0 R e T A T A 1 B A 5 Tl 2B 7 T T
HHEERE X,
2.2 FigEF

ik A 71 2 A0S I A S 7 ) 5 — 4148, b R 3 R R
FEREA B . MRS, M5 ARRBR LR & AR
Nif) DS fAAE &2 5. M AR IR . SRR
NBEACT, FEZHE 12 (mem) B HCBRRE 5 S R A i R AL
TER o 4 R PR TR T TE R RO B EE (1. 18) B 1 T
SRR IR AL TE R (0.26), X5 PR ERILT B B 1A L,
NIRRT RE FIRER Q)P T ER ST (3), BT
SRASE AT A S0 A7 A R A /0, L T BBt R o
RV A, BRERAEFIZR 2 T3 DS 25741, Fefk
UG 2x Hop A . HE EER LR BT, AT
DI RAR 2 P I DR B, ARk S R EAT S DS 4R
o, flR N Ay . (BAESCRILE T R B, B T )
WeBE R ETE, DS SBUEH KGR AR . X E 5 TR
RT3, RERSEHURE Z563E, MK DS,
7243 o R SR AR S LA S A 101 AE AR, SRR
PR R R R EN AN, 1t 2 BRI G 5 3k & A2 RO, DS
FEAMEFEAA . AN, RN R PERL it 22 R
HEMGR, s AL, 10 R AR 5 T A 4 T R Y
ghgy, WFMR IR DS, F5 DS KPS,
23 RNGEE K&ATE

ACKAR ZEPM5 H i by B R AL ke v HAT T A 2a vk, 3
TEAN AR — AN R A, AR RENS AR TS B B AN R R
F A, XN — A SR A A SO AR A T AR KA
TE1] o JH HP b 2 R e T S50 S DS A S B R R,
FE—E TR BN N, DS Bl 520 B A 7 s S B B
R TN IR T R A R N VE R SR AR T

AN 000000
)

gt

B, A R, AR FERfE S N AT, RS
BRALICIE DS 1 2N B 2t 15, B ik 7 8 R AORE 1Y)
o 5 DX 2 Bl A I BE A O R R ARV IR IR, TE R kA
fift A A5/ 1A, SR fb s L DS BRIk . A W5 & 45
Hh, SE K 2 S T ] AR A s Ak S R A TR0, 3 R s
(B RE4, B Z R AL R 4 T35 5 0 U 0y S0k p, i o L
BRI S TEM I N, 25 DS, {HY4 DS ik HIEfH 5,
S B Rl 4R SR A, (AR ER A Y i &, R R AL
VER B S N & AR, FR A3 TR AR T R K R SN A3 A, AR R
AT S TR 24, DS R0, R, e ad B e, W
iff B 3G T T S N T B, TR ARSI A S I B[] 9 DX DS Y
R AAEEEM,
24 KN pH

TE 9 B Ak S5 7 H AR R B A T T B, B0 S I AR AR
pH BT Nl MRYESE T, MRS Z 3R h AR
F Mo & LW, BB IER R AR KA (R BN - B
RN B TG K, BRACTER K i e pf = itk Fe
AV H R B 26T A R T IR AT A G R,
M DS EE/ N L, R AR R N &R T
KEVRE RN DS W H AP e eUdel Ui o W1 O pH
RIRGTHIBRAL I Y. DS BIFEM, 455 B R FE T i 45
T, VER ST A K AR R A 8 A T P K e 2 B AE
PR 2 (R R SR B P 25 1R 2/ FLRIAS R TR L JE 4 DS B
MRS T, RNRRER SR L, KaTFRIEA
OGS E RIS, K 8RR, 5 AR
SrFNES, (RN T, IR R S, R
AT RER T, ARIEER ST 5K ERAKE, I
KSR, FEUN DS FEALPA, R, B0 B AY RO i &R
pH X2 S ERILIER DS RAHEEE L, oAb, PRARE
PUAEBR AL TE A 1 SE B i A P, RONAR R pH IR
IREE L MR B SERR bR A BRI, i T R A DE K
A LA R AR

3 BELEMERMTHINA

P AL U oy i — e BE R 4 HL 22 4 ] S A B BN 151,
LI E iy by S AR DI R R o NI [R] 8 8 A R AL T2



6128 B2 A TR R I 2 e

FH13E

REAS OO I A IO L SE A VIR I ATBRALTERY S, B dh
AIREARPE . FUARTE . VRERASE PESFIE U L, HAE—EVE
I Bt SE R IR BT CRE i s, s ORIy, % 1 vk
X R AL TE R XS £ A B E IR T 1B S R R %
BOAE B AR E R ™ b A2 1) 5 AT A 1 R L E
W= I BB ITRR I A R 1 4%, BERR AT P
LRI AT 2.5%55 %, R, 72T B be b i A
R AT FH R AR T B AR E AT
3.1 HEHE

B ARSI — R R A B HOKER, SR
TERURPRZE R, DT B 5 B2 i BB 2 A TS Tl o 9o B L
TR A AL A bl PR U e i ey 22
KAWL, HA R, ARk T AT E,
AR SE R 7 T 2 R AT (L), HAN PR AT Wik et
AU BRRA, M HAE B o e B o TR Al i P vE
ki TR T LA, AT BB R AR TE A B A 6
LR vk, JerPBERRIE MG . IR IEEITIRIE M . MEIR
DERIER | B RR VM I A B AL TR O A R A e B,
ZRHF IR VERR A S R A

B RRUENS TR | BARRTE ) TG v A7 7 o K PR R A |
FRAR . WERRHRSEIEM, BB KT R AKEEN, KE)5
P A A L 23RS o BE 2 B K R, 201 ) AR S B
T2 RRLH) = 4 ST AR AR 254 K 8 R B0 L, o LR S 1 e
TRRBERREN, F30h, RARVERMERE TR K, o F i
ARSI, FER 2 MM BEIEOR, HI 58 5E 8 70 ] /Y %

B, KA, B AR OR, TR S)E
WL, 0K HLRR e M), R L TR A epr .
PRI HE 77 S R v, 70 R TRT I AT TR /9 T2 3 3 T 41
A AR T I VR R, AR A ATER . Sk MOk
] LUK BORE ) T o AR G R 5, T B — R B8 I A )7
{1 =2k [0 O bR 85, 945 1T T R SO A Ao 524

3.2 FLAH

2 it LA TR 2 — 28 FAT 2K K ST il UUE R S5 A ) 5
REMFEARIR SR R IR 5K J1, 2 I8 B 23 1 70 Uik,
HET S BT AHOCHPRER MR IR G R b, TR
ATEN M RE AR AR R A S, S K S P ) 57K 752 25,
K ST b R — 2 1 [ A PR, 20 BRI =2 ) A
AR T30/ NI 77 A 2 TS BELPR T, 38 9 7L 0 PR S8 9 7
RAE, HAROYS BAAEDY, KR pLE e 4 fr
No HHET, FmAIRAMICANER . BERRIERIER . BEIRRRTE
oy i A P e A P TR0 A D 2 L AR B % £
FUEBLA . P TR AR R A Y B
PR W v~ 5 SR B SRR DE RS I, T A7 280 B PR % 1
HY BT O, B S B R A B AR E T, RE
g7 11 FL T BT ORI T T T GUIDA 4567
WAL TEVER I CMESE . ISR TS S A B AR
PR L AT ) 26 T AL B3 I PR ST TR AL MR BE X JE K Pickering
FLIASE PR, 25 5 0 7 S B R U5 7R e T D03 T L
$ws Pickering FLIRSE M HL LR KLAR BEH R B2 1 1
RN o

F1 BUEHTTERmRNTZN
Table 1 Effects of esterified starch on food quality

ik 1L By SRR Yo7 R B S0
. BOBAL . TR SRR RIS . ROEES . UL RmRErE . RSt Buakk . ml
22 s\ Tk s -
Ll (] N S R [28,34-35]
N A \ BT AR R A FLAL R ), B
L ‘x% N A o A il N N { :,E\:“ N e N N
i%ﬁzf& B, FLAE) Eﬁf iﬁ glgugH‘ F7 AR L KT BRI [30,36-38]
o : U R b 25
s RORA . SR IR B A | SRR L i
Sy 1= 2 0 . (= _
VE N B AR TR o R RS, AL, R T Aot TR o [39-41]
R | DR E MR
Fr IR S i R B LA B dh . s, WK EE R L R I SR [42-45]
A
. o WL B VbR SRR TLALRENE . R | R E
BRI VERIG PR AR e 1 2T A B R [29.46]
S Tk s S £l B “:—H, E’ H 2 u\A
ﬁ*ﬁg’f@%;% T ﬁ;; s PERS, L R .
£ TR 34 Vo LA R T SR 48]
LD " R AT A SRR, VI, GOKPER, R W
AR n WESLET . RGN HURTRSE O RIEPIRIOB AL, BERSCR ] R ’
5K BE IR, P LT, TR
SRR TR WRRL. R GRSV . T FIKAEJIMIR, UBMAELY, TR o)

RURR L AR E




5519 4 B 3%, A ERACTER A A S AR £ i o NIt 6129

@ —
Q—> #ks
A h
v N \_—/
OH — i
; IR/ IER] — —
o 0} _ —_—
; %éﬁ% J — B A A AA
o Q — & NN
D °0 00 /
O 0O O 0O

HO

>
I~ O
/AT

H (0]
HO
HOO..«
AL A A AYAYAYA N
N~ T~
SRR STEIRR

P 4 Ak e bR 7L AL

Fig.4 Principle of esterified starch based emulsifier

33 BEEREARY

Jig W 2 Y AR TS R R S S AL G, SR
AR AL S SEW VAR, B S3MEIR . & &
SEP I R AL . R, T A& R SHERRE 9 s D AR o
CL ok H AR 3 o R B AT A= Wb S VE M A L
Bl PE R L RS A, A EACHOE BEAE SRR
BEIE AT LIRSl K B2, 7= AR 5 18 I A AL A Joi ek
AR, IVE AR 2 B F & Tk, W
I, R IEBRHARRTE MR . BERRUEM TR . BETRVE M e SRS
AU TE M HAE A A R dh R Fokabibk . OIS L YR
R S Ay Bl

TEVER 5| A R B IAMR AT, W EER 1L IE R 2 7
5l [ 30 o S B B A I T S e P DR 25 5 ) R v LA 1)
R L, Ref s Ran i /KR B F M 54, (I H
FRE R 8, PR, A = 0 L 5% H IR JE A e 1 45 1
TE W N TSR R A, BRI
WM A AT AR CT AN, RS A 7 i ) B 4H 4,
XA M B SRR BB R R Y = B i B ] A
Mo KA 2 Al A RE R, (HL R 28 i b
BRI PG o R T 602 O U e A A R i) JEL Ty B S
PR, BEREBIE & A EENE L. B
T NG B VE AR Be A I & il b, SRR B AT
Frok T AR sk 51k R oK s 4, B INER > T8
A A A ISR 0 28 454, K S WA B Tt 4k
o R E SR LT 2L TR AR R A A R,
BEALTE R 2SN 07 B A 0 W R, WP 50 B TR VE A B
Iof HFARNE FAERGE T (I 7E b, 455 8 FHBS IR Ve B
Fi 0 43 R AR o P B B, 5 BB A A L (4 B EE AL AN F
T ARG AN KU K TS 5 T C BB R
BB TR B R AR B TR T R R K g

[55]

FRETy, AR A AR, MTTUESE T Z WAk sE
A7 g ks il it i s R ARy g v 300,

4 ZERIE

PEA R F SR SO, (R ARk . 22 |
Sy A AF I R AR R B . FRTER AR
PEAF R A i Bl R A B 25 12 BT e i« R ek
P, MBI BTN, WU U BRIy 51
AR E Y L B A, D e e R AL T
SRR RE RA H TR I ATURAIF T R st o A SO R Al
VR ] 28 2 AR BT VR SR A TR I o R IIHE R AL TEA
il g8 o A R R L T B — i g Tk, i FAL B ik O
RRURLZE AL D D TER 31 2R 125 i DX 5 1R A S I
JERFEE TRz — AN, DR RER SR R RS R
PR Al AR PGS S A S 1 A, AR R A R
SRR, PE T MR A SO U . BRAE e WA &
BT FLARRSE R . IR AR T A,
HA TR Ak s 6] . H BB AL il 1 ZHeAE
BRI HAFAE )™ i AR E SR R, ARRATy 5 2k — 2P
W 5 T2, RS B B AR — 25 i i e A B R
ARG RORRENE, P SE R AL TE R Y N

SE 0k

[1] OTACHE MA, DURU RU, ACHUGASIM O, et al. Advances in the
modification of starch via esterification for enhanced properties [J]. J
Polym Environ, 2021, 29(5): 1365-1379.

[2] WANG X, HUANG L, ZHANG C, et al. Research advances in chemical
modifications of starch for hydrophobicity and its applications: A review
[J]. Carbohydr Polym, 2020, 240: 116292.

[3] . WISk T A HLIITFE D). BT TEHRRHE R, 2011,

LI L. Research of the mechanism for weakening the hydrogen bond in

starch [D]. Zhengjiang: Jiangsu University of Science and Technology,



6130 B 2 4 AR I 27 4 513 4%
2011 [19] SILVA AM, MARCZAK LDF, CARDOZO NSM, ef al. Physicochemical,

[10]

(1]

[12]

[13]

[14]

[16]

[17]

[18]

FREDRIKSSON H, SILVERIO J, ANDERSSON R, ef al. The influence
of amylose and amylopectin characteristics on gelatinization and
retrogradation properties of different starches [J]. Carbohydr Polym, 1998,
35(3-4): 119-134.

XIEF, YU L, SU B, et al. Rheological properties of starches with different
amylose/amylopectin ratios [J]. J Cereal Sci, 2009, 49(3): 371-377.
FFR. RERERIEBITER 5 B BT WEFE[D]. KBIN: TR T
WRAE, 2016.

WANG ZL. Study on preparation and properties of malicacid corn starch
[D]. Zhengzhou: Henan University of Technology, 2016.

B, WU, FEREN. AERRUCEEORER BT WL TR
27244, 2011, 25(2): 105-109.

FENG LT, ZENG B, WANG XB. Studies on corn starch modified by citric
acid [J]. J Shenyang Univ Chem Technol, 2011, 25(2): 105-109.

e, SRARLSC. IR R RR TE R R ) ) 4 L 2P B Ao
(7). S ERINAR, 2007, (4): 71-74, 94,

HE JH, ZHANG GY. Preparation and digestibility of octenyl succinic
anhydride starch [J]. J Chin Cere Oils Assoc, 2007, (4):71-74, 94.

IMRE B, VILAPLANA F. Organocatalytic esterification of corn starches
towards enhanced thermal stability and moisture resistance [J]. Green
Chem, 2020, 22(15): 5017-5031.

XIA H, LT Y, GAO Q. Preparation and properties of RS4 citrate sweet
potato starch by heat-moisture treatment [J]. Food Hydrocolloid, 2016, 55:
172-178.

TIAN S, CHEN Y, CHEN Z, et al. Preparation and characteristics of
starch esters and its effects on dough physicochemical properties [J]. J
Food Qual, 2018, (12): 1-7.

TORBE. FIAL BT SEA 51 e A2 SRR PE R SE IR D], Kt REER
2, 2010.

GENG FY. Influence of pretreatment on structure and chemical reaction
activity of starch [D]. Tianjin: Tianjin University, 2010.

MR, ThIEZE. A YA B A B RR IR 2 AL WM (1] B A
R2£4R, 2019, 38(8): 155-159.

YANG JM, MA XI. Preparation of acetated porous starch with ultrasonic
treatment [J]. J Food Sci Biotechnol, 2019, 38(8): 155-159.

HALSR, PRIN, BR4k4, 55 DLW A AR S TE M ERRRER (LS AR AL
FEMII]. AR TR, 2007, (3): 501-505.

HUANG ZQ, CHEN Y, QIAN WIJ, et al. Enhancement effects of
mechanical activation on esterification of cassava starch [J]. Chin J
Process Eng, 2007, (3): 501-505.

WRIK, X730, gk, AF. HURRE b T3k ) A R PR AR e My mR D).
PERRIAAR, 2017, 32(4): 44-51.

CHEN Y, LIU DK, XIE QIJ, et al. Preparation for stearate cassava starch
ester by mechanical activation-strengthened dry method [J]. J Chin Cere
Oils Assoc, 2017, 32(4): 44-51.

ZHAO K, LI B, XU M, er al. Microwave pretreated esterification
improved the substitution degree, structural and physicochemical properties
of potato starch esters [J]. LWT, 2018, 90: 116-123.

OTEMUYIWA 10, AINA AF. Physicochemical properties and in-vitro
digestibility studies of microwave assisted chemically modified breadfruit
(Artocarpus altilis) starch [J]. Int J Food Prop, 2021, 24(1): 140-151.
DOME K, PODGORBUNSKIKH E, BYCHKOV A, et al. Changes in the
crystallinity degree of starch having different types of crystal structure
after mechanical pretreatment [J]. Polym, 2020, 12(3): 641.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[30]

[31]

[32]

[33]

[34]

thermal and rheological properties of native starches and acetylated
distarch adipates from maize and cassava [Z]. 2020.

WANG J, REN F, HUANG H, et al. Effect of CaCl, pre-treatment on the
succinylation of potato starch [J]. Food Chem, 2019, 288: 291-296.

GENG F, CHANG PR, YU J, et al. The fabrication and the properties of
pretreated corn starch laurate [J]. Carbohydr Polym, 2010, 80(2): 360-365.
W /N . A TRLA B 2 4 R R T A TIR B L PERE RN ()], RS an AT il Ak
TR, 2015, 16(1): 55-58.

YANG XL. Preparation of benzoate starch ester with enzymatic hydrolysis
pretreatment technique and performance evaluation on benzoate starch
ester [J]. Adv Fine Petrochem, 2015, 16(1): 55-58.

KARIM AA, SUFHA EH, ZAIDUL ISM. Dual modification of starch via
partial
hydroxypropylation [J]. J Agric Food Chem, 2008, 56(22): 10901-10907.
XU J, ZHOU C, WANG R, et al. Lipase-coupling esterification of starch
with octenyl succinic anhydride [J]. Carbohydr Polym, 2012, 87(3):
2137-2144.

SHI M, GAO Q, LIU Y. Changes in the structure and digestibility of
wrinkled pea starch with malic acid treatment [J]. Polym, 2018, 10(12):
1359.

THA, FilHs, B, SF. ATERRER LU REN 1 5 K RAT D).
AR, 2021, 46(5): 213-218.

NING YQ, WANG JW, HU HY, et al. Preparation and characterization of
resistant starch citrate [J]. Food Sci Technol, 2021, 46(5): 213-218.
B, SR, B, AF ZDAMRI AT IR RITR T2 A
JCITREAFE[T]. ARk T AR, 2021, 37(10): 261-268.

ZHAO SQ, ZHANG HJ, LUO Y, et al. Optimization processes and

enzymatic hydrolysis in the granular state and subsequent

functionality of citric acid esterified glutinous rice starch synthesized via
infrared radiation [J]. Trans Chin Soc Agric Eng, 2021, 37(10): 261-268.
CUENCA P, FERRERO S, ALBANI O. Preparation and characterization
of cassava starch acetate with high substitution degree [J]. Food
Hydrocolloid, 2020, 100: 105430.

ACKAR B, BABIC J, JOZINOVIC A, et al. Starch modification by
organic acids and their derivatives: A review [J]. Mol, 2015, 20(10):
19554-19570.

KT, FIRIESRIARR L 25 VM BRAY T 4 . PEREDN WIFE[D]. K
KEFHE R, 2018.

ZHANG JL. Preparation, properties and application of octenyl succinic
anhydride modified yam starch [D]. Tianjin: Tianjin University of Science
and Technology, 2018.

JeSIYE. pH AEXTFER IR AL S SR B S BEALERBE S [D]. Kot R
HERAE, 2000.

LONG JY. Study on the effect of pH value on starch esterification and
reaction mechanism [D]. Tianjin: Tianjin University, 2000.

AR, AR, SRR, AT ERRRIE A IR 1 A SO R ]
BABHE, 2019, 44(5): 276-281.

ZHANG W, ZHAO MQ, ZHANG HT. Preparation and processing
characteristics of ginkgo citrate starch ester [J]. Food Sci Technol, 2019,
44(5): 276-281.

JE 2. ANl g T2 AR AR TR SE M PR A IEZ R (D). 229H: HlF
Aol R, 2015.

ZHOU M. The effect of different processing methods on the characteristics
of citrus starch [D]. Lanzhou: Gansu Agricultural University, 2015.

AE/NE, BRI, ZRIRR, 4F. LML “YER BERRT Ak A R e



5519 i

B, S5 BRACTERT 0] 8 S A £ b P IS 0

6131

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

A PR REIFSE[T]. KEA05 % e, 2022, 30(1): 31-34.

XIONG XL, YANG JL, LUAN QM, et al. Wet preparation of acetylated
starch and its application in food [J]. Fine Spec Chem, 2022, 30(1): 31-34.
DIOP CIK, LI HL, XIE BJ, et al. Effects of acetic acid/acetic anhydride
ratios on the properties of corn starch acetates [J]. Food Chem, 2011,
126(4): 1662-1669.

s, EF), T, A BT AS A R RO B AR S
JHTI]. R, 2021, 46(2): 244-248.

HAN M, PENG Y, YU HP, ef al. Preparation of octenyl succinic starch
ester by semi-dry method and analysis of its related properties [J]. Food
Sci Technol, 2021, 46(2): 244-248.

LIU X, DING S, WU J, et al. Molecular structures of octenyl succinic
anhydride modified starches in relation to their ability to stabilize high
internal phase emulsions and oleogels [J]. Food Hydrocolloid, 2021, 120:
106953.

ZHANG Y, DAI Y, HOU H, et al. Ultrasound-assisted preparation of
octenyl succinic anhydride modified starch and its influence mechanism
on the quality [J]. Food Chem: X, 2020, 5: 100077.

DONG G, MU Z, LIU D, et al. Starch phosphate carbamate hydrogel
based slow-release urea formulation with good water retentivity [J]. Int J
Biol Macromol, 2021, 190: 189-197.

BLENNOW A, NIELSEN TH, BAUNSGAARD L,
phosphorylation: A new front line in starch research [J]. Trends Plant Sci,
2002, 7(10): 445-450.

SITOHY MZ, EL-SAADANY SS, LABIB SM, et al. Physicochemical
properties of different types of starch phosphate monoesters [J]. Starch
Stérke, 2000, 52(4): 101-105.

ZEHRA N, ALI TM, HASNAIN A. Comparative study on citric acid
modified instant starches (alcoholic alkaline treated) isolated from white
sorghum and corn grains [J]. Int J Biol Macromo, 2020, 150: 1331-1341.
OLTRAMARI K, MADRONA GS, NETO AM, et al. Citrate esterified

et al. Starch

cassava starch: Preparation, physicochemical characterisation, and
application in dairy beverages [J]. Starch Stirke, 2017, 69(11-12):
1700044.

OBADI M, XU B. Review on the physicochemical properties,
modifications, and applications of starches and its common modified
forms used in noodle products [J]. Food Hydrocolloid, 2021, 112: 106286.
HEDAYATI S, NIAKOUSARI M. Microstructure, pasting and textural
properties of wheat starch-corn starch citrate composites [J]. Food
Hydrocolloid, 2018, 81: 1-5.

EGHAREVBA HO. Chemical properties of starch and its application in
the food industry [J]. Chem Proper Starch, 2019. DOI: 10.5772/
intechopen.87777

TRETH, IR, T AR I GER B HAT A T A BERE (7], i
HLIK, 2020, 36(6): 208213, 219.

XU SJ, LI ZF. Research prograss on starch and its derivatives in noodles
[J]. Food Mach, 2020, 36(6): 208-213, 219.

ABBAS KA, KHALIL SK, HUSSIN ASM. Modified starches and their
usages in selected food products: A review study [J]. J Agric Sci, 2010,
2(2): 90.

B, AW, FER, & RRRIEHERE & S RIE T8 LU
TRV R TAT AT )AL PE T 2R DFE (0], o BB S g, 2021, 32(11):
123-128.

NIE H, MIN YT, LI YL, et al. Effect of starch ferulate on physicochemical

[51]

[52]

(53]

[54]

[57]

properties of prefermented froz [J].
123-128.

DUPUIS JH, LIU Q, YADA RY. Methodologies for increasing the
resistant starch content of food starches: A review [J]. Compr Rev Food
Sci Food Saf, 2014, 13(6): 1219-1234.

LIN D, ZHOU W, YANG Z, et al. Study on physicochemical properties,
digestive properties and application of acetylated starch in noodles [J].
Inter J Biol Macromo, 2019, 128: 948-956.

CHOY AL, MAY BK. The effects of acetylated potato starch and sodium
carboxymethyl cellulose on the quality of instant fried noodles [J]. Food
Hydrocolloid, 2012, 26(1): 2-8.

PUNIA S, SIROHA AK, SANDHU KS, et al. Rheological behavior of
wheat starch and barley resistant starch (type IV) blends and their starch
noodles making potential [J]. Int J Biol Macromo, 2019, 130: 595-604.
Pttt sk3%, SREME, S5 REEORUCETER 1O & B AR & S
BN TR D). A7 kb INT, 2021, (2): 75-78.

YANG SX, ZHANG L, ZHANG XM, et al. Advances on the preparation
and its application in frozen food of waxy corn modified starch [J]. Farm
Prod Process, 2021, (2): 75-78.

WANG X, HUANG L, ZHANG C, et al. Research advances in chemical
modifications of starch for hydrophobicity and its applications: A review
[J]. Carbohydr Polymers, 2020, 240: 116292.

HADI NA, MAREFATI A, MATOS M, et al. Characterization and
stability of short-chain fatty acids modified starch Pickering emulsions [J].
Carbohydr Polym, 2020, 240: 116264.

GUIDA C, AGUIAR AC, CUNHA RL. Green techniques for starch
modification to stabilize Pickering emulsions: A current review and future
perspectives [J]. Curr Opin Food Sci, 2021, 38: 52-61.

AKBARI M, ESKANDARI MH, DAVOUDI Z. Application and functions
of fat replacers in low-fat ice cream: A review [J]. Trends Food Sci
Technol, 2019, 86: 34-40.

LIMBERGER VM, BRUM FB, PATIAS LD, et al. Modified broken rice
starch as fat substitute in sausages [J]. Food Sci Technol, 2011, 31:
789-792.

WhETis, B, WA, A5 IRIIR AU e RS T T B R R 1),
5 LB T, 2020, 46(6): 285-291.

YAO ST, ZHI H, SHEN XY, et al. Research progress of fat substitutes in
baking industry [J]. Food Fermen Ind, 2020, 46(6): 285-291.

(RS i THY

Chin Food Add, 2021, 32(11):

1EZ & Ir

f B, WtHRE, TERRAE
R MR B AR
E-mail: fuyao0326@163.com

™M, B, B, TEMRAEA
AHLEERESELTIR
E-mail: foodzhangna@163.com



