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" Inordertoprovideatheoreticalbasisfortheapplicationofannealingtreatmentinthe
modificationofricestarch,Yuchiearlyindicaricewasusedasarawmaterialandannealedat
differenttemperature(50~70!)andmoisturecontent(45%~65%).Thenthestarchintheannealed
ricewasextracted,andtheunannealedricestarchwasusedasthecontrol.Theeffectsofannealing
treatmentonthesolubility,swellingpower,gelatinization,digestionandfreeze-thawstabilityofrice
starchwerestudied.Theresultsshowedthatcomparedwiththecontrol,thesolubilityandswelling
powerofannealedricestarchdecreased.Thepeakviscosity,finalviscosity,valleyviscosity,
retrogradationvalueandattenuationvaluedecreased,whilethegelatinizationtemperatureincreased.
Theeffectofannealingtemperatureonattenuationvaluewassignificant.ThecontentofRDS(fast
digestiblestarch)instarchincreased,thecontentofRS(resistantstarch)decreased,andthecontentof
SDS (slowlydigestiblestarch)variedwithdifferentannealingconditions,indicatingthatannealing
treatmentimprovedthedigestibilityofricestarch.However,theannealingtreatmentdecreasedthe
freeze-thawstabilityofricestarch.
;2/<&4=0>annealingtreatment,ricestarch,physicochemicalproperty

!"" !"#$%&'()*+,-./012%345!6789:;<(!=>!&?@

AB"

!"#$" !

#CDEFGEH"

%!&#'!&

$IJKL'(MN"#O%!PQ1R"#O%Q

'(-.)*!8ST"#O%1R.'()*!LU!VW"#O%LX()*YZB%[\

]%^#_,%`#_,Cabcd,.ef&VWghij'kLUlmn!T"#O%.X(

)*YZBC[\]op(qrsB%tusB%vrsB%wxrCyzr{|}op!^#A

B~�!?@"#O%ABLyzr.ef����()*-

()*

)�`#)*$FGEH~�!

(*

"�,)*$FGEHz�!

*)*

"�`#)*$FGEH��"#O%IJ.?@�?@!�

j"#O%1��X()*.`#,!��'()*abcd,Ko&

#$%" "#O%('()*(%#_,

&'()*"+* ,-./. +,-*"-'$.0-'12

#

,",.

$

".0""$%0"2 A>(

"-"3.2'245367783 -'$.0-'123,",.3".3""2

!"#$%&'()*+,-.

���! ���

9

#!"#$%& '()&*+&,!!" -.

%-"-,1

$

./01"

,",-0"$0-'

2345" !"/01)&234567 %

,"-2::!",',

&'

;

6789"89:#

-21,

(&!;!<=!>?@!A=BCDEF!GHIJK'LMNOPQRSTUVWXYZ[\]BC'

<0=>6?

"

-,"%,!"$.@AA3BC=

:;<+

KL



!"#$

!"!#

%&

$!

'&

#

(

!"#$%&'()

!""!#" $%&'()*+,-./01

!"#$%&'()*+,-./012$

3456! 78%901(:;)<=>?)<

.! @ABC/BDEF.G$&HIJ/:K!

(L:KM01NOA4PQR3S

!"#$%

" !"#$

TUBDVWX"BD!Y@(Z$:KM!01

NO[\]^_`!01ab\]c01deMf

g" hijklmno!!"Z$p@qr01M

sa01Cta01uvwxyz{|NO!}0

1~i�"C��"NOj��"!c�����

01���4/�/

!&%

" ���W�������

���D��! !"#$:K��A)*+~,

-!�i��"� ¡¢*!£!"#$�01~

34,-o¤

!'%

" TL!"#$,¥&'��i¦

~01345§!¨i�©~lmª«"

�¬�­�!"Z$®¯lmI!°©±²~

%³´#µ¶#·¸¹º01"

()*+,*-

ºlmQ»

¼¹01~f½D#¾¿À(!"BDÁ�ÂiY

ÃV!X"BDÁ�

!.%

" �ÄkW!"G$lmÅ°

©ÆM(µ¶#·¸¹#Ç¹AÈ¶º01É" ÊË

ºlmÌ!"Z$�ÍÎ01�4~ÏÐ!Q»!

"Z$}ÑÎ01X"BDÁ�!Ò¬Ó"4S"

o¤

!/%

" ÔÕÖº@µ¶01¥lm�×!Q»!"

Z$�ÃVµ¶01ØD! ÙÚ!"BD~Û�!

UX"BDÜÝÁ�!�Þ«ØD#ßàØDÅj

á

!0%

" âãäº�\åæç01®¯Ì!"Z$!l

mQ»èéê# ëêCµ¶01(ì:!"Z$

Â!íîïð4ñò!01Þ«ØDó».Ãôõ!

�X"BDó»Á�ôõ!01f½Döi\åK

D~ÃV

!1%

" �÷pø!!"Z$�ù3S01~$

"4PCNO"

È¶01,¥&'°©~ú201!(��û

üRýMiÚþÿ�©~!"" *U#01j$!

%¶01deÒ&'³! [£de%³'ö(!¨

)&*U#01Y�i~�4!+X"~%¶01

,)�À'ò" ÷¬!%¶01-¨i&*�ð~

���4!+%¶01ì:&ðZ$p.�/40

1[012-(��3ûM!bp4)5601-

W��#78º¯ü

!2%

" %¶01~4P%01de

~NO9ð~!:;<;01�W=>?4P~@

4![\�A�BC��3û~D©!EF'S40

1�01-W��#GH#IJº¯ü

!"3#""%

" T÷%¶

01¨i0K~LM�N"

��! kW%¶01®¯!"Z$~lm!°

©ÆM(!"Z$�014P#NO~,-!@A

�¶1ºý��PÏÐº" ��,­Y(O�P�

!"Z$%¶15Qlm'5!RSTºlmÌ!

"Z$3U¶1�P~ûVEF!NWno!"Z

$%&'3U¶1�P~i¦5§

!&%

" XYlmÌ

\å!"Z$EF�¶1�P~ÏÐ

!"$%

" T÷,­

(�Zlm[\É@]^_`¶¥ab!cd(\

åBDC)<P;<eEF.�%¶®¯!"Z

$!;ÂÛf!"Z$Â%¶M~01!@gì!

"Z$~%¶01¥¢h!lm!"Z$�%¶0

1f½D#¾¿À#X"�4#Ó"�4Cíîïð

4~ÏÐ" @Z¥!"Z$(%¶0134~2-

M®&iÛj$klm

!"&%

"

!"!

)*+,-

!"!"!

23456 _`¶$]^%&nopq¶ü

rsi@tuÛj'

&

!

.#

vw[)xy#z{|$<

}~%º&�8Æ�"� ¡i@tuý�"

!"!"#

789:

45678)9:;-<=)>

��ØD<}

�&���7������i@tuý�'

"3"7$6?

�+�����& <�������i@tuý

�'

6@ $'33

��<}<>&��<>���)i@

tuý�'

8AB.

�6V����&no�����

)i@tuý�'

CDB7?

)��B ¡�& ÿ¢�

£�¤���i@tuý�'

8E7"333F

��5�

�1¥�&¦§�<¨©ªû«i@tuý�"

!"#

./01

!"#"!

;*$%&' ¢hXYº~5§�%¶

®¯!"Z$

!"$%

" ±f]^%¶,¥ab!¬m

(?.332&

(

$3"3

M~s­��§®ð¯�~)<

P;<e!°f

.33 G

%¶W±²³´µM!-¶·

)�¸)<!¹<º(Â´»[¼Whì�¼½B

D~¾�®¯!"Z$!ßÂ¿Z$½~%¶ö(

ÀÁ(�Â~ÃÄÉ! ¼W

'3 !

~¾�M¾Å%

¶)<P;<eVW

"&H

![}-1¥�¿%¶®

¯1¥!¿Z$½~%¶1Æ:

"33

�Ç!-³´µ

ÈÉ½)-" ¨ÒZ$EF¥&Êð!"Z$BD

¥

/3 !

!!"IJ¥

"1 :

!Ë¼)<P;<e<Ì

¥

'.H

#

.3H

#

..H

#

/3H

#

/.H

'Êð!"Z$)<P

;<e¥

..H

!!"IJ¥

"1 :

!�¸!"Z$B

))))

)

2222

2

++++

+

3333

3

1111

1

%%%%

%

&'



!"#"$!%& $!'(%)"

)(* &+,-+,

!

./ 01

"

"22.3/ 42 $55.01,56 45 7-89,343-.:,301 7;4<.;/,.9 42

!,3. #/0;3-

=>*!?$) >@ @>>A #%("?%" $?A B(>'"%&?>)>CD E41F GH (99+. I HJHI

!"#$

!"

!

!!

!

#"

!

#!

!

$" !

"

!"#"#

!"#$%& %&'()*+,'(-

./01$23#456789-:;<=01>

?

%&'(

" @A?BCD-01?E5FGH

& )"' *+

IJ#KILMNO-

,-./

PG$QO"R

"012

%#

STUV#

' 3

W@XYZ[\J]^_`a^_

bcde"#fW@gGC

4""

hD#%

1 """ 56*78

ij

4" *78

#klmnG#opqJ@ijW-r

>snt

1

u#fWvw

'" !

xyaz{#f|}

~01>?"

!"#"$

'%&()*+,-. ��

9:!"";0;

&

4"&#

a�J�;#�N��-�>?QO"R"

!"#"%

/01&2345678,9: �5��

�9-:;�I%��

%&!(

#�N01>?P�!)

���" ����

<"" *)

01>? $%z�QO

�%YLA����-

&"" *+

ij�a#�XaI

L

4! *+

pqJ# ^_�V<=�>?��GW#

" w

#!

!

$!

!

<!

!

;! !

¡-J]¢a^_

1" *78

#

KZ

4! !

¡£¤

! *78

#fW¥¦ij§¨©$

! """ 56*78

#ij

4" *78

W#@mnGkLA��

z{b[�ªA�«QO-z¬­®¯#@°±m

nG-­®o²³´µ~xy�¶z{#xy\!

$

&"! !

" E·¸$

&

%

=

$

4

%�¹P�!)���"

!>

"

&

"

4

#&""2

$

&

%

#>

"

4

"

"

#

$

&?!

%

#&""2

$

4

%

¸a'

"

&

º»z{b[�-­®QO#

)

(

"

4

º»¼

r>sQO#

)

(

"

"

º»01>?z�QO#

)

(

!

º»

P�!#

2

(

#

º»���#

2

"

!"#"&

;01&<=>?,9: �5½¾¿9-

:;)À`ÁNÂÃÄoÅ©Æ!"ÇÀ$

@AB

%

�N��-È,ÉÊ

%&#(

" @��-J"QO"RË

LÌÍa-

CDE

ÎÏÐÃ# �¹ÑdÒ�-��

O#@Ò«-��)

4! *+

pqJI~È,Óo­

Ôa# ÄoÕÖ×3STØ�VWYL

@AB

À`

a�¶�N"

!"#"'

;01@ABC=>?,9: �5ÙÚ

-:;���

%&$F&<(

#�N01>?-ÛÜÝ,ÉÊ"

��Ò�

!" *)

��w

!" *+

ij�a#IL

! *+

G/

$

!04

-Þ�ßàáGW# âã^_bUV#ä

W@ij�vw

&"" !

J]¢a#Iå

&! *78

b0

1>?È,æç#�ÑWoèJ@ij�èébê

\#KIL

4 *+

àáG#ij�ë«ëWYL

1$ !

[\J]¢a%

&4" 56*78

^_

&" *78

£¤\!#

ìWILA��£¤\!-

& *+

íîïðG

$

4!" H6*+

%#ñò

&" *78

#ILA��£¤\!-

& *+ !F

>?ð $

!" H6*+

% )

!F

>?óôõöð

$

$" H6*+

%-�÷ðG#�oàáGNø~

&" *+

#

vw

1$ !

[\J]¢a%

&4" 56*78

^_# ���

�ù"úcd

4" *78

)

&4" *78

ù#" �

& *+

J

�G# YL°±

' *+

-

"0' *IJ6+ ,-./

PG-

4! *+

Hû�a�¶üðý(# �

K,L

þÿ

4 *+

ILHû�# o!"#@$�Hû�FNZM%

W#YL&J]a�¶'ûcd

! *78

#äW%(J

)©èé#fWNø~

4! *+

*V#%+ï¥,#"

--!��å

1" *78

# ÄoÙÁv./$

!'" 8*

#

fW�NPG0-!" 1ù�

& *+

pqJ23

& *+

J�G#�¶41-ý(5$+ï" �}-ó

ôõ6�78:Î¸$

$>"0!'1 #%F"0"'< &

#

&

4

>

"0;;; #

" E·¸$

1

%

=

$

!

%�¹"

'

@KL

>

"

4"

F"

M9

"

CL

#"0;#&""2

$

1

%

'

LKL

>

"

&4"

F"

4"

"

CL

#"0;#&""2

$

'

%

'

@L

>

"

CL

F'

@KL

F'

LKL

"

CL

#&""2

$

!

%

¸a'

'

@KL

$

@KL

QO"R#

2

(

'

LKL

$

LKL

QO"

R#

2

(

'

@L

$

@L

QO"R#

2

(

"

4"

$>?

4" *78

¯

9:-óôõQO#

*)

(

"

M9

$J�Ù01>?aó

ôõQO#

*)

(

"

&4"

$>?

&4" *78

¯9:-óôõ

QO#

*)

(

"

CL

$01>?��a�>?QO#

*)

"

!"#"(

;01@DEF:?,9: �;ÙÚ-:

;�<I�=

%&;(

#��MNO$>�~

"0"& )

%-0

1>?��#opqJÕ�QO"R

#2

->?g"

;" !

J]aSTIå

4" *78

b>?gæçÈ,#

?äèébê\WkLA@QO-ij�a" Y

L

F&< !

AyaBCèDEF

4' 3

W�Ñ#?ä�

Dbê\W�O#

' """ 56*78

ij

4" *78

WkGi

j�a-mnG#�O#oÇJHº»DIJNÊ#

E·¸$

#

%�¹"

&>

"

&

F"

4

"

&

F"

"

#&""2

$

#

%

¸a'

"

"

$ij�QO#

)

(

"

&

$�Dbê\W��

)ij�QO#

)

(

"

4

$KLmnGW��Mij�

KL



!"#$

!"!#

%&

$!

'&

#

(

!"#$%&'()

!""!#" $%&'()*+,-./01

!"#!

!

"

!

$%&'!

"

#

!"#"$

2345 ()*+,-

#$%&' ()*)

./

0123# ,-

+,++ ()-)

.4015+6789

:%!;-

./0120

<=>?@A!

"#)-)3

BCDE

78# FGHIJKL1M

(

N!5OPCQLR

O

!

STD#

#"!

)*+,-./012*34567

UP

4

VW!XYZ["\:5](^_`a

bcdefgbh9iSjEk5Rlm!nop

q`rEk5st)

5-(67

! uvwrabx3Z

:"\:5ycdefgbh9iS6z{|}#

Z:"\:5~��!�O����O����Z

:"\:5`�qs��~c6��!��Z:"

\:5lq�!�O����]�!�Z:"\:

5Q

8)7

�!�O����pc"p���$��

O$��O��Z:"\:56~�������

���q! p���$ ��O�Z:"\:5Q

3)7

�p�!��O�Z:"\:5

337

�p�"g

b����� ��������!�Z:"\:

5¡lq�!gb���q#

UP

(

VW!wrabx3��¢4�!c£

ef6�O��$��O����6�q¤���

�!��O6rEk5Q

(9-337

!q¥n¦gbh

9iS!uvwrabx3��yefgb`��

Oz{pc" p���������`rb§¨!

�

:) "

��©pc" ��Oª���K«~��

¬�K6­®�¯!�

33 "

���Opm!�

:3 "

���Opc!°±n¦HIDE78%

";)-)3

&"g

b�� ²³�q!�

3)

$

33 "

�!gb��´�

¥µH!�

:) "

�!gb����q¥µH!gb

��6rEk5t)

4-<97

! uvabx3��6

wrygb��6z{Xc#

P

4

$P

(

o5+7C!±¶x36ef·¡!

�O��$�O��¸p���)(��!¹±º

»¼½¾¿

=4(>

²À# abx3�`ef�O��]

�!uÁabx3��ÂefÃZÄÅÆÇ!µÈ

�¥abx3À;ÉfÊËÌ·ÍÎ-!ÉfÏÐ

¾ÑÒ�rb!Éf¾ÓÔ~�!Éf:Õ¾ÖZ

:Õ`×Ç]�# abx3�`Éfp��Ô]

�!uvabx3�ØÙÉfgÚÛ�ÜÝ`Þß

àÔ!;ÉfÞßáâ¾Ñrãäåæ# ¾ç7C!

abx3yÉfg`èéê9)(ë�

=()>

# abx

8888

8

9999

9

::::

:

;;;;

;

<<<<

<

!!!!

!

=

!

)*+>?@;AB;C-./012*34567

%&'() ! *++),- .+ /.01-23) /&11 +3&,-0.4 .4 -5) 6&1-047 63.6)3-0)1 .+ 30,) 1-&3,5 248)3 &44)&(047 -3)&-/)4-

ì'Y²íoXYîïPCDE78%

";)-)3

&#

x3¢4 �O�Ô

?

%

,2

(

@

& �O�Ô

?

%

,2

(

@

& p��Ô

?

%

,2

(

@

& ��O

?

%

,2

(

@

& ��O

?

%

,2

(

@

& gb�Ô

?"

¶x3

( 59A-:B!:9-<<

2

( (3<-))!A5-3)

2

< 433-9)!4(A-<)

2

:B9-:B!(5-4)

C1

4 5)4-99!3A-99

C

B:-()!)-9:

1

Z:"\:5

<37 ( :43-4)!44)-B9

C

4 B43-:)!49(-5)

1

9 :)A-3)!4<(-(<

1

A55-3)!<:-39

2

4 A54-B9!:(-<(

1

BB-94!4-()

2

Z:"\:5

3)7 ( :4)-B<!BB-))

C

4 5(B-:)!53-59

C1

9 3)A-))!(45-A9

1

:B(-4B!4A-A3

C1

4 3AB-9)!494-(5

D

B6-)4!)-<(

C1

Z:"\:5

337 ( 843-8B!3)-8<

C

4 5B9-48!(8-(5

C

9 B<4-48!38-8(

C

89(-3)!34-(9

1

4 B3B-))!9(-65

C1

B8-5<!)-(5

C1

Z:"\:5

8)7 ( 8BB-<)!44<-94

C

( )9(-3)!438-(6

C

9 54<-B)!45(-99

C

83)-88!<6-)<

1

4 BB(-9<!96-)4

C

B8-34!)-56

C1

Z:"\:5

837 ( 85)-B9!38-64

C

4 566-))!4)9-<4

C

< )B3-3)!443-(9

2

649-B9!89-9(

C

( 4)B-3)!<(-<3

2

B6-94!)-89

C

=

#

)*+,?DE-./012*34567

%&'() # *++),- .+ -)/6)3&-23) .4 -5) 6&1-047 63.6)3-0)1 .+ 30,) 1-&3,5 248)3 &44)&(047 -3)&-/)4-

x3¢4 �O�Ô

?

%

,2

(

@

& �O�Ô

?

%

,2

(

@

& p��Ô

?

%

,2

(

@

& ��O

?

%

,2

(

@

& ��O

?

%

,2

(

@

& gb�Ô

?"

¶x3

9 <56-))!4<9-))

2

( B34-))!4))-56

2

< 384-99!65-36

2

8<8-))!<8-(6

2

4 64)-99!3(-((

2C

B<-(B!)-)3

1

3) " 9 (B(-88!6(-44

C

( 8<<-88!<5-54

1

< 9(3-B9!65-56

C

89B-))!3)-64

2

4 8B4-4)!6<-<B

2C1

B9-<)!)-<3

D

33 " 9 (5(-3)!68-(B

C

( 689-9<!3)-B3

C

< 99<-))!B(-6<

C

3(5-4B!B4-)6

C

4 36)-8B!89-4)

1

B9-35!)-9<

D

8) " 9 (44-B<!B(-<6

C

( 6B4-3)!<6-59

2C

< <)3-3)!468-9(

C

<9)-9<!3B-59

1

4 8(<-))!438-)5

C

B<-B9!)-95

C

83 " ( 5<)-))!58-59

1

( 3<3-4B!B6-)9

D

< 9)4-))!49(-8<

C

95<-B<!(<-49

1

4 633-B<!34-99

2

B3-(<!)-36

C

6) " ( <()-3)!<4-36

D

( )98-))!34-((

E

9 8(<-))!48<-9<

1

9B<-3)!9B-6B

1

4 3BB-))!494-59

1

B8-8B!)-9<

2

ì'Y²íoXYîïPCDE78%

";)-)3

&#

%%



!"#"$!%& $!'(%)"

)(* &+,-+,

!

./ 01

"

"22.3/ 42 $55.01,56 45 7-89,343-.:,301 7;4<.;/,.9 42

!,3. #/0;3-

=>*!?$) >@ @>>A #%("?%" $?A B(>'"%&?>)>CD E41F GH (99+. I HJHI

!

!

"#$%&'()*(+,-./0123456789:

"#$%& ! '((&)* +( ,+-.*/0& ,#.. (0#)*-+1 +1 *2& .+%/$-%-*3 #14 .5&%%-16 4&60&& +( 0-)& .*#0)2 /14&0 #11&#%-16 *0&#*,&1*

!

!"#$

"# ! $# ! %# ! &' !

%&' ()* %&' ()* %&' ()* %&' ()*

+,"

()*+",),$

-

*)$+",),&

.

/)*,",),"

.

$)"(",)(%

.

+),&",)/+

-

((),*",)/*

.

(()/$"(),%

.

(&)%/",)'$

.

-./0.1

+'! ()&*",)(+

.

*)+'",),%

.-

/)"*",)("

.

")&*",)/+

-

+)+%",)('

.

&)$%",)('

-

%)'"",)/*

-

(')%+",)'%

-

-./0.1

',! ()/*",),/

-

*)"$",)(%

.

()""",),*

0

")*,",),&

1

*)'&",)*+

0

&)$,",)('

-

%)*%",)(&

-

(')*/",)"'

-

-./0.1

''! ()/*",)((

-

*)'$",)*&

.

()%*",)('

0

")"$",)(+

-0

*)(&",)(,

1

&)%,",)(,

-

%)'*",)+(

-

(')""",)*,

-

-./0.1

",! ()**",)(*

-

*)/,",),*

-

()%(",)(*

0

")+%",)('

01

/)$&",)/"

2

%)"+",)*"

0

%)+"",)/$

-

(')'&",)"(

-

-./0.1

"'! ()(&",),"

-

/)%(",),"

0

()$$",)($

0

")/+",)(+

1

*)(,",),/

12

%)'"",)/*

0

%)%(",)''

-

(')%/",)''

-

"23456789:;<4=! 789>?!@

A5BC>DEF!GH@IJKL,"<MN5

BOPDEF" KF,"QR5B789:;<S

TUQVWX5BY0Z[\<]^!_`R5B

PD78

3/(4

"KFab;c

", !

d!eFab:;!

KFabfg

", !

2!eFab]^!hSTUQ

ViKFab^c

", !

<jkl! mc-nop

qrs!5BtuGvw8xy!zG{|<5B

XZ}~������! ���<�G{���

�!5B��G�b�[��?!N�����#r

s*�� !�RG{b�� !_`��CLab

]^"

787

";$%,-./0123456789:

5B<%&bn()*���5Btu�M

G{|�zG{| �<¡¢£¤!%&bQi[

\�b¥��5Btu�MGv!5B �G¦§

¨�b<?©

3(&4

"

_ª

*

U«¬3!+,"<S­()*®^c

h¯­°!i-N/0N1±

',!

#

''!

#

",!

#

"'!

#²lKF,"<5B! ¡³cS­%&b®:

;!´5B%&bµ¶-N/0N1<��·¸¹

4º»¼½!STUQV¾¿oQn-N<pqr

s!ÀR5B�ÁÁNWXGvw8ÂÃ!ÄÅ%

&bl:

3//4

"`µ¶jkab<]^!5B%&bn

()*ÆÇ��" i

"' !

lPq-N/0N1<

?È5B%&b<ÉÊ¤1Ë?! ±

/,)*"!

!i

&' !

lPq-N/0N1<?È5B()*<Ì

Ê¤1Ë?!±

(,)+$!

" ÍPqjkablÎ­°

%&byÊ¤1®?c()*yÊ¤1!ÏIPq

-N/0N1Ð?È5B%&bÑÒ³()*?!

5Btu<%&b�()*ÓiÔÊ<ÕÖST

V5B×ØX5B�WX5B<ÙÚPq!«Û5

BGv¥<Pq

3/*4

"jkab]^2!­°<%&b

ÔÊÜÝ�©!ÏIjkab>^!-N/0N1

Ð?È5B<%&bÑÒ>©!Þßàáw45B

%&b�Gvâã<zG{|i5Btu×äå

<ÙÚ¹æÙ

3/+4

"

mç

+

Uè!ijkab±

"' !

d!Pq,"

é$q[�×PqêëçAÔÊìí%

!5,),'

&"

�<?È5B%&bn()*yÊ¤1®Ë?!±

/,)*"!

n

(()*&!

! ÏIPqKF,"abÐ

"' !

l<?È5B%&bn()*ÑÒ³?" µ¶jk

ab��!PqKF,"abl5B%&bn()

*®�?!i

&' !

d!­°<%&b�()*fg

Ë?" hSTUQV?È5Bi-×�o<î�

×!-N�ïg5B×!T5B�5B �ðîñ

òG���ó§¨! N� �ôZó©<�õ!ä

«ôZ»0<-NQ�ï5B×R5Bö÷øZ

(ù! úd»0ØX5BN�_5Btu×%3!

Nãi-× !5Bø�%& !ä«ijkab±

"' !

d!­°<%&b�()*³©" jkab]

^!Oû<-N��ï5B×!5Bö÷(ùOI

ì!ä«i

$'

#

%' !

d!5B<%&b�()*�

�³ìí" jkabüý]^g

&' !

fg5Be

Fab%5B<eFabi

%' !

þÿ&!G{|<

!"#M$%&!5Btu%&(ù!�MGv$

%&!5B%&b�()*�[��?

3/'4

"

'�ç

*

nç

+

GHUè!�+,"<5B¡

Ù!ijkab±

&' !

d!JKF,"<5B%&

bn()*Zä:;!hSTUQVi[\-Nn

o<pqrsl!ØX5B�WX5B(Å�)\

Gv~��%&b�()*l:

3/(

!

/"4

" MNJKF

,"<5B%&b�()*^cS­!UQVT±

KL



!"#$

!"!#

%&

$!

'&

#

(

!"#$%&'()

!""!#" $%&'()*+,-./01

)

!

*+,-./01234567089:;<=>

"#$%& ! '((&)* +( *&,-&.#*/.& +0 *1& 2+%/$3%3*4 #05 26&%%307 5&7.&& +( .3)& 2*#.)1 /05&. #00&#%307 *.&#*,&0*

!

!"#$

"# ! $# ! %# ! &' !

%&' ()* %&' ()* %&' ()* %&' ()*

+,"

()*+",),$

-

*)$+",),&

-.

/)*,",),"

0

$)"(",)(%

0

+),&",)/+

-

((),*",)/*

0

(()/$"(),%

0

(&)%/",)'$

0

', ! ()&*",)(+

0

+),&",)(/

0

/)"*",)("

0

$)"&",)/$

0

+)+%",)('

0

(,)&%",),%

0

%)'"",)/*

-

(%)&*",)/*

0

'' ! ()/*",),/

-

*)&(",)(,

-

()""",),*

.

$)"+",)/&

0

*)'&",)*+

.

(,)+/",)/$

-

%)*%",)(&

-

(&)*+"(),*

0

", ! ()/*",)((

-

*)"(",),"

.

()%*",)('

.

$)(,",)(%

-

*)(&",)(,

1

&)"(",),(

.1

%)'*",)+(

-

($)"*",)"$

-

"' ! ()**",)(*

-

*),%",),&

1

()%(",)(*

.

$)*(",)($

0-

/)$&",)/"

2

&)"&",)('

.

%)+"",)/$

-

(")',",)/+

.

$, ! ()(&",),"

-

*)('",)((

1

()$$",)($

.

")"(",),"

.

*)(,",),/

12

&)*+",)(+

1

%)%(",)''

-

(")('",)/&

.

-!./012.3456789:"

!3,),'

#$

)

8

*+,-.?@AB@C12345D+EF<=>

"#$%& 9 :((&)* +( ,+32*/.& ,#22 (.#)*3+0 +0 *1& 537&2*3+0 )1#.#)*&.32*3)2 +( .3)& 2*#.)1 /05&. #00&#%307 *.&#*,&0*

+,"

',)*'"')'*

-

&)+*",)'$

0

+,)//"')%+

0

;<=><?

+'! '")&%"/)*%

0

&)+$"()$%

0

**)''"()*"

-

;<=><?

',! '$)*/",)+*

0

%)/(",)'$

0-

*+)+$",)*/

0-

;<=><?

''! '$)&""*)+%

0

+)",",)'(

-

*$)++"*)'$

0-

;<=><?

",! '%)$&"/)(%

0

")',"/)/"

0-

*+)$(",)(+

0-

;<=><?

"'! '&)+$"/)(/

0

$)+/"+)+%

0-

**)(("*)&$

-

456 656 46

,"#@

=><?

78

-!./012.3456789:"

!3,),'

%$

A/BC#@D&EF<GHIJK&LMNOP

CQRSTU& EFV;WXYZ[\]^P&_

`abcEFC%&'V()*de

9(':

$

;<=

*+,GH23I5D+EF<=>

f5

'

gh&ijkl,"Y;<=><?^

m&

456

=><?no^m& Akl;p=><?

q

"'!

r&

456

=>p?stuRv^mw

&)(/!

&

xyFz&{|}yFY~���' ��b�'X

����X���\�Y��&��kl,"#@

Y2.�bcyFz&{|�tb��$

656

=>

<?����de& kl;<=><?q

''!

r&

656

=><?f

&)+$!

���w

+)",!

( ;<=>

<?q

+'!

r&

656

=><?�Rv���d&

656

=><?Y�8�?���

456

�

46

Y�8�

?&��kl,";<=><?Y�� 

656

=>

<?�tb��$

46

=><?5¡N�^m���

Y¢£&A;<=><?q

''!

r&

46

=><?_

e&¤�uRv$

f5

"

gh& ��kl,"¥'r&

456

=>

<?ij¥'Yde¦¡�^m�§¨_�©^

mYª«�l¢£$ kl¥'q

$, !

r&

456

=>

<?9:eu¬­v®)

!#,),'

%&¯�

'%)$'!

$ A

'' !

r&

656

=><?�°�w

')"$!

&A

", !

r&

de�

(()%%!

&

656

Y�8�?e¯

/*)'&!

&��

kl¥'Y�� 

656

=><?��9:$

46

=

><?ijkl¥'de¦¡�^m�§¨Y¢

£&A

', !

r

46

=><?9:°u¬­v®"

!#

,),'

%&q

*/)%/!

&�Rv°

$)+,!

$ f5

'

'5

"

X

±gh&V+²kl,"YEFs�&kl,"Y

EF

456

=><?de&

46

=><?�°$R\g

³´kl,"abcEF~�µ¶&z&rz·g

¸¹º»¼½�EFX¾1&¿ÀOÁ»;&E

F

9/$:

$ \]bcEF²kl,"�&ÂlS�ÃÄ

e&ÅVÆÇÈ�ÉÊXË/Ì

9/,:

$

;<>

*+,G123I5JKLMF<=>

EFÍÎÏ½ÐÑ¼ÒÓÔ�Õ1&EFÖ×

1Ø�ÙÚ>eYÛ<\ÃÚYEFÜtP&Ã¸

AÅÛ<ÝÞ1&EFÜßOºuàsWX&_`

�Çáâã&EFßY;<Gä[A�¥DÔXÇ

Ð�$ åæÓÔ�YEFÍ&Ôr&fu¥'de&

%&



!"#"$!%& $!'(%)"

)(* &+,-+,

!

./ 01

"

"22.3/ 42 $55.01,56 45 7-89,343-.:,301 7;4<.;/,.9 42

!,3. #/0;3-

=>*!?$) >@ @>>A #%("?%" $?A B(>'"%&?>)>CD E41F GH (99+. I HJHI

!"#$%&'()*+,-!-.!"/012

,&3456%78"!"9:;<=8>?@

!"#$

"

.A

%

BCD8!EFG+HI-/JK/L

&MN! !"9OP*QR%7-STUMV!!

"&7-S.

"&'"()

WXY

*('+()

! O-/JK

/LZ

,-)

[!7-S\Y:V!]^_`a7-

SWXb

%+'(.)

! c-/JK/L\Y

-+)

d!E

F-/JK/LMN!7-Se+f_gh!ij

G+HI[!\Ykh&-/JK/Ld!Vl!

"P*ghmf_gh"

nopq<rstuv#

!!+'+-

$%

!

!

"#$%&'()*(+,-./012345678

"#$% ! &''()* +' ,+#-*./( ,0-- '/0)*#+1 +1 '/((2( 3*405

-*06#7#*8 +' /#)( -*0/)4 .19(/ 011(07#1$ */(0*,(1*

wA

.

Bx!OG+yzTUX{d!!"&

7-S|n}MN! EFyz&X{! 7-S.

.%'./)

WXY

*+'.-)

!O

/+ "

[!G+HI!"&

7-S~`a{8

,'/*)

! �OG+yzZ

-+ "

[!a�7-S�_`a&7-S!ij

-+ "

G+

yz�&Vl!"P*ghm]~_`a�1�

{!B���Z�[yz^�!G+HI�!"/

0#����,&��Rz^�"

A

%

&A

.

5�ur!�G+HI&Vl!"&

7-S{_�HI&!"7-S!�G+HI�V

l!"&7-SWX!��bVl!"&P*gh

m" �`�B��OG+HIQR%!!"��5

6��b�+! !"���-&5��� ¡¢!

!"£¤¥@56&����!-/0¦§¨.©

¥56%78

!%0$

" ª�A

%

&A

.

5�Bx!G+H

Iyz«¬�-/«¬&­e�!"56&®¯

no!°±]~^!-/JK/L�!"&P*g

hm®¯~yz¦uv"

nopq<rstuv'

!!+'+-

$"

!

:

"#9%&:;<=./012345>78

"#$% : &''()* +' *(,;(/0*./( +1 *4( '/((2(3*405 -*06#7#*8

+' /#)( -*0/)4 .19(/ 011(07#1$ */(0*,(1*

­eG+HI-/JK/L[!Vl!"&²

³z�´µ�¶�ju&e+·¸( ¹º»zM

V!¼º»z½MVd��!�¾9+¿ÀZ½�

�dX{&fÁ(

123

X{!

323

½��dX{!

13

Â�

323

·¸]Ã(Vl!"&P*ghmEF-

/JK/L&MN���%

­�G+HIyz[!Vl!"&²³z�´

?

<

"#9%&:;<-./0@#A5>78

=067( < &''()* +' *(,;(/0*./( +1 *4( 9#$(-*#6#7#*8 +' /#)( -*0/)4 .19(/ 011(07#1$ */(0*,(1*

�HI

-+'*-#-'-*

4

0'(*#+'-/

54

(+'..#-'&(

5

-+ " -/',.#+'.*

5

0'-,#.',.

4

*.'&.#.'&.

4

-- " -&'+&#.'-&

5

-',/#('.0

4

*,'.-#*'+*

5

,+ " -('..#%'0,

54

%%'&&#.'.(

5

**'0+#('%0

54

,- " --'-(#.',/

54

%+'++#.',,

54

*('(,#+'.,

54

/+ " -&'/-#*'&%

5

/',(#%'+.

54

**',%#('.*

54

123 323 13

HI«¬

JK/L

6)

BBBB

B

CCCC

C

IIII

I

Ä)okÅ%nopq<rstuv'

!7+'+-

$%

KJ



!"#$

!"!#

%&

$!

'&

#

(

!"#$%&'()

!""!#" $%&'()*+,-./01

)*$+!

[1]JAYAKODYL!HOOVERR.Effectofannealingonthemolecularstructureandphysicochemicalpropertiesofstarchesfrom

differentbotanicalorigins-areview[J].!"#$%&'(#")* +%,'-*#.

!2008!74"3#$691-703.

[2]!"!#$%!#&!'.()*+,-./0123456789:;<[J].=>?@AB!2015!30%9&$139-146.

[3]CDE!FGG!HIJ!'.(KL+MNOP/03QRSTUK9:[J].=>?@AV!2020!35%5&$167-173.

[4]#WX!YZ[!\]!^.(K*+_H`a.bcdef45[J].g/Qhij!2016!37%17&$106-110.

[5]GENKINANK!WASSERMANLA!NODAT!etal.Effectsofannealingonthepolymorphicstructureofstarchesfromsweet

potatoes%!"#$%&'(')* and!+%,,"&-. cultivars& grownatvarioussoiltemperatures[J].!"#$%&'(#")* /*.*"#0&

!2004!339%9&$

1093-1098.

[6]Fk!lmn!oAp.(Kq+,rs-.12f45[J].=>?@At!2018!33%5&$24-29.

[7]uvw!xy!z{!^.(K*+,|}~Oa.+K12f45[J].g/iA!2012!33%17&$78-81.

[8]���.(K���*+,���a.12f45[D].��$����ij�A!2013.

[9]��{.�Oa.f9������[J].���h�AAt%��iA�&!2010!36%1&$11-14.

[10]���!���! ¡¢!^.��£¤¥�£_�OaP+K20f45[J].=>?@At!2019!34%6&$53-58.

[11]x¦§!¨Z©!Yªy.(K«¬¤­®_|}¯°aP0±b²~OaP³K20345[J].g/iA!2019!40%13&$

74-80.

[12]´µ.(KL+_¶OaP+K20�OP/0459:[D].·¸$���h¶A!2019.

[13]¹º!»¼½!¾¿À!^.��L+jÁ_aP+K124539:;<[J].?@g/ij!2015!23%1&$21-24.

[14]ÂÃÄ!Åy�!ÂÆ!^.ÇÈ��L+_¶OaPde¤20f45[J].=>?@At!2020!35%10&$77-83.

[15]x¿É!ÊËÌ!#Í!^.��q+_�OaP+K206ÎOÏ/0f45[J].g/�ÐÑ!2017!33%5&$182-187.

[16]ÒÓÔ!HIJ!CDE.78 RVAÕÖ×ØÙa.3ÚK12[J].g/ij!2020!45%2&$290-295.

[17]ENGLYSTHN!KINGMANSM!CUMMINGSJH.Classificationandmeasurementofnutritionallyimportantstarchfractions

[J].12#%3*"4 5%2#4", %6 7,8480", 92)#8)8%4

!1992!46%2&$33-50.

[18]���!��Û! ¡¢!^.¶�£¤¥�£,¶Oa.+K20345[J].=>?@At!2019%6&$53-58.

[19]HIJ!ÜÝÞ!ÒÓÔ!^.ßà±,��*+ØÙa.20f45[J].=>?@AB!2019!34%12&$13-18.

[20]Fáâ!¹¿ã!ähå!^.(K6��q+,¶Oa.+K12¤æçde345[J].g/Qhij!2016!37%5&$49-

53.

[21]èéê!ëì~!#µ!^.(KL+,íî.+K206de345[J].g/Qhij!2020!41%23&$20-24.

[22]Fáâ!¹¿ã!ähå!^.(K6��q+_¶Oa.+K12¤æçde345[J].g/Qhij!2016!37%5&$49-

53.

[23]SINGHJ!SINGHN.Studiesonthemorphological!thermalandrheologicalpropertiesofstarchseparatedfromsomeIndian

ïðñKòóôõö'¶Oa.f÷øù¬(úø

ù¬(ûüù¬ýþ(K«¬3ÿñ!�ô}"¬

3#$!

!" !

­ù¬û$! %§ø&�'()*I

+,-()3�.! ÚK«¬/0¯12'

#$%

0

±Ö²!�'I,(*I+334!

!" !

­0±Ö

²û2!

%$%

ñK34�

#$%

56!

#%

'I,(

)'78934:!¶Oa.3;<=>2ýþ«

¬312?@#)

�AB5C!D(Kq+3¶Oa.!EF¬

¤GïðHI@#'ÚK12=¶Oa.ÚK«¬

2JAB"

&"

(

&& !

@B/KL&!(Kq+_¶a

.3÷øù¬(úøù¬(M(ø45N¶'(Kq

+O¶Oa.3PK2QRS2!;<=>2@#*

7T934U:!(Kq+ST3ÿñ_¶Oa.

20345VôöW!XYZ[�\9:��(K

q+ÿNO./0­Vô]^_8J¶Oa.!?

^¶OIHáÖ`}_8345* 9:a(Kq+

_¶Oa.3_8ÐbSc[de3+fgh*

%&



!"#"$!%& $!'(%)"

)(* &+,-+,

!

./ 01

"

"22.3/ 42 $55.01,56 45 7-89,343-.:,301 7;4<.;/,.9 42

!,3. #/0;3-

=>*!?$) >@ @>>A #%("?%" $?A B(>'"%&?>)>CD E41F GH (99+. I HJHI

potatocultivars[J].!""# $%&'()*+,

!2001!75"1#$67-77.

[24]!"#!$%!&%'!(.)*+,-./01,234567[J].89:;<=!2019!34%3&$31-37.

[25]>?!@AB.C-01DE567FGHI5JK[J].LMNOP%<Q&!2009%10&$68-70.

[26]RST.UVW3+,-./,234F/1N4675JK[D].XY$Z[L\.<!2016.

[27]]"^!_`!a%b!c.CV+,-./1Fd3013467[J].89:;<=!2017!32%6&$1-7.

[28]efg!hij!!k!c.lmn01opIqrstuvwx3oyz{|3JK[J].pNJKo}~!2020!41%11&$

17-22.

! " # $

!"#$%&'()*+,-./01234

��!L\L�������<JK����j��B��o9���J�E�H!��}~��������

j������ ¡\¢£�¤¥¦5§¨©ª!«¬�­®¯2°±²³´µ¶·5¸¹HI�²'º§JK�»~

¼½

!"#$%&"'(") *")(%"+),&"+-

¾'

¤¥¦¿À�.�ÁÂÃÄ(

!"#$%

ÅÆÇÈÉO(CtÊË 2(ÌÍ¯2c5ÎÏÐ´!ÑÒÓÔ°Õ�Ö×'

ØÙÚÛL\uÜ¿¤¥¦5Ý.Þß

&

G8�� ¡\à

%'(

'

á�����������â¯·ã5��­®¯2¤ä¥åæ!á��â¯·ãçèéê5ëßìI°¯í3

îÄïð(ñ.5­®òóîÄ3°ôõ5öâ¯÷ø' ùúûüý�þ°ëßÿO!"ô2á©ª!½#­$%ú&

8'(�

)%$%(

5¤ä¥' )*¯+,D»¼-!áåæÎ.�­/�j�ã0DE!-

##

�³´µ¶·çè±²H

I!½¤

*

1225¤ä¥ú&8~3�¸¹HI' 4�~(5L\6789:~;<=�,>°©ª?@'

)ABÞß*L\L�������<JK�

$

BCj�¯2©ª8�D�� ¡­®¤¥¦

+,-./01$ 2#'#3*#*#45$

67789:..;;;$<==9$<>.?;@?.ABC@.3#D##4$67EF$

KH


