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$ Theeffectsofdifferentdryingmethodsonthestructureandfunctionalpropertiesof
;<5=5&&'<5' =/-(>%<355 starchwerestudied.Thebulbsof;<5=5&&'<5' =/-(>%<355 weretreatedbyvacuum
freeze-drying,hotairdryingandinfraredhotairdrying.Thestarchwasextractedbyenzyme.The
basiccomponents(moisture,protein,totalstarch,amyloseandamylopectin)andphysicochemical
properties(solubility,swelling,freeze-thawstability,transparency,sedimentationandagingvalue)
weremeasured,andSEM,theparticlesizedistributionofLS,FTIR,XRDandDSCwereanalyzed.
Thevacuumfreeze-dryinggrouphadthehigheststarchcontent,theleastdamagetostarchparticles,
andthestrongestanticoagulation.Theinfraredhotair-dryinggrouphadthelargestproportionof
particlesizevolumeandsurfacearea,thelowestsolubility,thehighestcoagulabilityandcrystallinity,
andthebestfreeze-thaw stability.Therewasinsignificantdifferenceinstarchswellingand
transparencyamongthethreedryingmethods.Vacuumfreeze-dryingtechnologyismoresuitablefor
theutilizationofstarchresourcesandproductdevelopmentof!;<5=5&&'<5' =/-(>%<355?

=+->'*2&? ;<5=5&&'<5' =/-(>%<355,dryingmethod,starch,structureandfunctionalproperties

!"" !"#$%&'()*+,-./0123456789! :;<=>?&'"@A&

'BCD@A&'EF+,-GH#;IJKL./#MNOPQR$SR"TUV"W./"X

Y./BZY./%B[\6V$]^_"`a_"?bcd6"ef_"gh6Bi\j%kd#

lMN

!"#

"

$!

m_Rn"

%&'(

"

)(*

"

*!+

Ro!<=p?&'Q./VqRrst#*./u

m7vwsx#ygh6sz&CD@A&'Qm_{|2}~|��s�#]^_s�#g�

6"0�_st#?bcd6s�&

,

�&'�)�./`a_2ef_�����#<=p?

&'����+,-./��7�;2����!

#$%" +,-&&'�)&./&0123456

&'()*"&! -, +,-*"./0,1./23

#

-4-,

$

5-155251.5 8A(

".56,3/37869::;6 ./0,<./236-5-,65-65.-

@ !"#$%&'()*+,-./012345

���# ���# � ¡# �¢¢# £¤¤# ¥¦§

=

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

,.>.55

&

./01"

-5--1531.5

2345" !./01234567899:%

-5-.+5-50?

&'

=

6789" ;<="

.30-

(&!>?!@A!B?CD'EF!GHIJ4KL('M'N)OP'(%QRSCT'

@1AB9C

$

DB;E.30-FGDH6IJH6K;

:;<+

MK



!"#$

!"!#

%&

$!

'&

!

(

!"#$%&'()

!"#!$"

!

%&'()*+,-./0123456789

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

2345!61.789:;<&=>$?@/A

=B>CDEFG" 01HI,JKLMKN2O

PQRSTU" 5VMWX%!61.YZ[\]

^_`NM^abc#defgcNhic#j@

ck" lm!01nop,9:;<qrX]^!s

tu(c#vwc#xdc#yzc#d{|}c~"

,8M^#$%01��T[��!t��#��

~M^#$" JM�01C��b{A�P���

�������p,���N��!�DE01F

GN��.[���7��o�� ¡b{N0

1" ¢£¤VMLJKrXN¥¦§¨!©ªf�

«§¬7��o��b¡N­®01¯°±²³

[Z´61rX§¨C;µ!�o¶·;<C¸¹

º»"

¼½¾$

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

%[¿*À½

¾ÁN78ÂÃ#$![&¼ÄÅ'Æ7!ÇÈÉ�

o\Ê�Ë#ÌÍ@Î#«Ï#Ð�k Ñ!.ÍË

ÊÒ#ÓbÔÕÖ×#ØÙÚ,8ÛÜÝÞNßK"

61.¼½¾%N��_à&oáâã!äåæç

2fèç2!æ

&

2éê�P![¼½¾>ëìí

îï%ðñà�¡G${"¼½¾�o

'( )

òóN

ôõ01!5örîï%÷øù�[H�êToú

ûqübý1!übý1H�êþÿ!"##$%#

×&'(�o)*+^!n=?,-./0" lm!

½¾�M¯n=1îÇý1qÍb{2

*

345

367k89::;<" p=��¼½¾MÑq>

�??5ð@¼½¾oÑM^³:´±¼½¾q

ý1A:+[BC$DC!E.78TUqFGF

G!HI5JK^M%!¼½¾�=-.Lê^M!

MNÇ%qOêý1P:!¼½¾%ý15M^³

:%ìQqRSbTU+^���VW" #$ý1

ÃX+[78DEq>${¯°! 5QYrX#J

KrX#ZM[\/A�]Kq«ì%o`^q]

^!_¼½¾ý1`¼½¾a{�q

+()

òó

,-.

!b

cd<e�*�q«ìf^"

­ghiq¼½¾jkløum!1·²89

noapqörr�!_ap{�²ôsRS¼½

¾nKqK{" tuq¼½¾nvqörapwx

[y½x#gcx/Az{x!Ç%z{xjk|

}�z~����!��(%�M�)���\" t

Z[�u�%M¯nK{�!Hk%M¯�apö

rw3q����lB��ktuqapwx!�

$�apwx���]^5%M¯%" ����a

p.78±$°�kV�#��q���q­®a

pw3!�a´��=�!¡�W�o��³:q

� *Í¡ap./Í�Õ[¢{!5£¤%¥¦

ÍÕ!1îö¥�Õ§¦89apqwx!¨©W!

Ñª�*«mÍ¡ap5Í¡apq¬­®yö¯

«m°3!±$°�Í²³!o�´qµ!#¶·è

Ñ¸" ý1q�P2 ¡²��apörw3qR

S!_M¯nKqb¹#��/Aº»K{Lý1

qb{o�" ¼½H¼½¾q��=¾%5MÑ2

ÞÑw¿! _Hý1q ¡�bHÀ«¨�ê�

�" lm!H¼½¾�Á�apwxq����W!

Â/«ì¼½¾%MFG%qý1=/_UïÃ

ð�%M¼½¾qf^ª!�WFGFG" +�/

¼½¾­K8¼½

!

Ä[�°! Å^����a

p#Í¡ap#«mÍ¡apÆÇör¼½¾ÈÉ

cgH^È@xð@ý1!:É

!

8apörwx

H¼½¾ý1�P�bL ¡�bqRS"

!"!

)*+,-

¼½

!

Ä+@Ê¼ËÌÍÎÏÐ(Ñ¼½¾¬

o*#$ý1��ÒcÓ#ôõý1��ÒcÓL

Ôõý1��ÒcÓ+²ÔkÕÖÀ×>$ÆÇo

ØÙÚ*%bÛÜÈ$

/!-(

/

012

%+Ôk®ÝGÞ>

$ÀÆoØÙÚ"

!"#

./+01

����apá

345#678 9:;< =>?46@5

+ ß�

àáâãäoØÙÚ*Í¡apá

<AB :CD/!E

+®

ÝåæÀ>åçoØÙÚ*«mÍ¡apá+ËÕ

U>ÊO�ìqapèé*ê¡apá

<AB:CD9!

+

®ÝëìåçoØÙÚ* �íì3îïðñòó

>0+D-D

+ òÃôõ½âö÷ø�oØÙÚ*

*F<

5

3å

<+ E<GEH?3

+ß�ùúâÙÚ*ûóÞ«m

ü7å

IJ:KF ;;DD

+ËÕDýåçoØÙÚ*þü

åÃ:Éå

=>L!!9D

+ ÿ�

&MNOPQN7@6RMS

ÙÚ*!

"îï�Íå

T'D

+ÿ�ßÖ#$äøÏ

KE

åçÙ

Ú* %M¯1%á+ «&'áð(* ��)*á

344M8U7SV ?M8RS#V@2M /+(WF

+ +6®Ý>$ÀÆo

ØÙÚ*,Î-È.å

>4MNRSQ"QX-C(

+ÿ�

"<

*/

m=0:üüÃ1

0GY!'DD>

+®Ýÿ72"

2222

2

****

*

3333

3

4444

4

5555

5

%%%%

%

&%



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

*+, -./0,

!

.1 0/

"

"22.314 52 '67.. 879+,: ;.165<4 5, #17=31=7. 0,<

>=,31+5,0/ ?75@.71+.4 52 !"#$#%%&"#& $'()*+",-- #10736

*AB!C$) A> >AA8 #%("C%" $C8 D(A'"%&CA)AEF G5/H IJ (44=. KJ JKJL

!"#

!"#$

!"# "!

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

,-./01

!"# $$

23!45

%&'(

6789:

;%&'<=>?@ABCDE

)!*

"

FGHI@A#J%&'03KLMNFGH

I@AO8BPQR! SN

+,- !

TUHI

# .

!V

/N

+/0 !

T@A! FGWX

1/20 34

! HYZW

X

+51 !

"

P[@A# J%&'03KL\MN]^R!

V/_NP[@AO8@A`a" @AZWX

6-

!

![bX

! $78

"

cdP[@A#J%&'03KL\MN]^

R!e_fNcdP[@AO8@A`a" cdg

hijklmX

691 :

i

!20";2/ !$

"@AZWX

6- !

!GnbWX

! $78

!opqcdrstuv8

wxX

// <$

"

!"#"$

'()* %&'yz45{|}

);*

689

:~B��" ���z�OJBC/%&'op�

z!�

61

��" ��%&'z�

!- (7=>

����

�a!�f

-?/1 (7=>

8a�����!�

/ ("/1 $>

���B��L!��

!- $@'

!�%&'z��l

 ¡!

,- !

¢£$

/,- A7$@'

%¤¥

6 .

!¤¥¦§/�

,

¨©ª�«!¬e«­!N`ZT®f

;- $@'

!¯

°R-�!±²³´�µ¶·.¸!

// --- A7$@'

x

¹

/- $@'

!º¹+°q»yyzl¨8R¨¼½,

´!.¸x¹¾¿

;

À!J»yyzÁÂ�@Ã8

ÄÅÆ!f�

,- !

ÇÈÉÊaÉ@

/! .

!ËÌyz

z�!�

!--

��&

!"#"#

+,-'./01234567 ·l#Í

Î

!-!-

Ï 'aÐÑÒ( ÓÔÕ·lÖ×: )ÈØ

-0;!

ÓÙ:%Ö×*��´#ÍÎ

!-!-

Ï'aÐÑ

Ò+ÓÚÕ��´ÛÜÖ×:)ÈØ

-9;/

ÓÝ:%

Ö×*Þyz#�ß³yzÛÜàáâÖ×*ãäy

z#�ãäyzÛÜàáâÖ×*åäyz#�åä

yzÛÜàáâÖ×,

!"#"%

+8-9.:;<=>

/

%æçèéêëì 4Î

BCDB

89:!�H

írîæçèì;yzopëïðñ<=ïò

),*

&

JóÜyzopôõ�öè÷! e�×Nø³ù

R!<=úûDE& �

;?- EF

8Bbèüïòop

8ëï¦ý! e�

1--

þi

/ ---

þ8_ÿh!"

#$&

G

%%&&'lª 4Î

:4'(

6789:!�

�()*î&Wl+,-Öyz8%&ÿº

)1*

& J

1- $(

yzq

/1 $>

µ¶·�¬! ��DE

1 $@'

&

Jop.�op/!ã012WX

0H"/!H

&

;

%345cd67 4Î

BI'(

89:!�c

d67,Ö×

),*

& 89��:Ü;Öop!q<=>

�´Ü�

/"/--

8�?�¬e@�KL! �ü3O

ü1AB23!NjCDEX

, ---"1-- <$

J/

-lF

hX

-?/ <$

K/

TÖ×"

,

%

L

îGHî �I

+M!

JîN

L

îGHî

,R<=!HîKX

G"

8æçLX

,"5-#

!MNO

yzëP8ÿÕl¾QHîR!SkX

-?-G$

!TC

UvX

-?G 8

!¦PWÍ

N4O4E4P4

6789:TV

)6*

"

1

%PW�l+ yz8P�´XYZæçÜ

P,<=Ö×!J@´Ü

!?- $(

8yz_�[\]

�^a!B�

6 !> $@QQ@R

·" J^_`eN`ZT

]a

/G .

! V/�

/- ! 7$@'

8bZbhN

;-"

/G- !

DEc<=æç!�G_`^X4Î³" �È

�l+de

,?,S

l+fgh=ZW)

!

C

%-RiZW

)

!

T

%-¦§ZW)

!

<

%ijk)

""

%!h=ZWDE#

#$!

<

K!

T

!"#"&

+8-9(:?@=> lmWqnoW

8Ö×#89��

/?-- (

%&'yz!B�

/-- $>

p·!\1´ÜlC

/U

8yzq�!rf

1

s·t

ZW#

11

-

61

-

91

-

01

-

51 !

! u�

!- $>

yzqÌv

w´Ü8x¹xa!·tBP

;- $@'

!>yz{!H

|0`Z/

, --- A7$@'

x¹

/1 $@'

!JR-�}�

vw´Ü8µrÆ! N

/-- !

TÉ@0~´Ü!Ë

Ìlm8yz´Ü

%

)

(

% *yzop´ÜX

&

)

(

%!

�ÜËÌx¹xa»y³´Ü

'

)

(

%! Í��)

/

%-

)

!

%lmTVyz8lmW

(

inoW

)

"

(V

%

&

%/--H

)

/

%

)V

'

&%

)

/--K(

%

%/--H

)

G

%

�»�8Ö×#\�´ÜlC

/H

8yzq�!

/-- !

BP

;- $@'

!��Þ��>k!H|0`Z"

�

/- $>

Ì���Wà�a!NR�é!®f!�

G

*

��R¨-���

+

/

!Í��)

;

%TVR-���

lC

#

!�yz8�»�

)9*

#

#$+

/

7+%/--H

)

;

%

�I�×�Ö×# \�´ÜlC

GH

8yzq

�!

/-- !

BP

;- $@'

!�

1 (

��x¹x!f�

KG-

MJ



!"#$

!"!#

%&

$!

'&

!

(

!"#$%&'()

!"#!$"

!

%&'()*+,-./0123456789

!

!"#

"# $

!$%&#

# $

!'(#)

"

*!

% &&&

'()*+

+,

,& )*+

!-./01!234563

!

,

!

789"

#

#:;<)=>?"

"

#

$%

"

#

&

-

$

.

/"!

,

/

#,&&-

&

#

$

@ABCDE%FG63HI

,-

C5JK1!

,&& !

>LMNOP

!& )*+

! QRST! "UVW

X!YZ[>' \]^

%"& +)

!_E`abc

$

!

d@a?

%

efghij5JC@Ab%

$!"01%

"

/

$

kPc_E% FG63HI

"-

C5JK1!

,&& !

>LMNOP

!& )*+

! lmE35JOn

#

!

op

"# $

!

2 &&& '()*+

+,

,& )*+

! 5JO/0

1qrs=t>Cqr!kPcu5JO=t>C

qrv5JOwqrCxHy

324

'

!"#

)*+,-.

z{|}A~!��_�V���

!

*' ��

CI�fgu��c

$56

'��

5755 "&8&

����

����C�:y�!��

9'*1*+ "&,2

��'

$"!

/012342.

!

�����h�j5JC���H63HI

 f

,

!¡¢>H63HIu

,#8!2-:,/8%"-

!£¤

663HIu

&8/;-:&822-

' >H63HI¥¦u

§~NH���! ¥¨uN©���! �ªn

<=

!,%!>

(

"&,%

«EC

,2-

) £¤663HI¥¨u

§~N©���!u

&8/;-

)¬5J63HI¥¦u

­®"<��� "

>#8,/-

$! ¡*uN©���

"

>&8,/-

$!¥¨u§~N©���"

%%8/!-

$' ¯°

fA!�±²³lC5J´b�¦!µ¶Z�m·

±²C¸¹' º%»¼5J¢½�¾¿5JÀÁ¿

5J!5JCÂPÃ6ÄOP*kPÅdÆÇÈ{

Ã�ÀÉÊËÌ63HIËÍ

3;4

' ¯°fA!QÎ�

���Chij³l5J��¾¿5JÀÁ¿5

J63HI�Ï\ÐÑÒÓ!¾¿5J63HI\

,"8,;-:,/8%2-

! Á¿5J63HI\

#!8#!-:

5555

5

6666

6

7777

7

2222

2

....

.

!!!!

!

8

! %

9:;<=>?@ABCDEFG42HI2)

&'()* ! +,-.*-. ,/ 01*230') 0,24,-*-.5 3- 5.'601 *7.6'0.*8 /6,2 !"#$#%%&"#& $'()*+",-- (9 83//*6*-. 8693-: 2*.1,85

���9

>H

63HI

(-

£¤6

63HI

(-

¬5J

63HI

(-

¾¿5J

63HI

(-

Á¿5J

63HI

(-

¾ÁÔ

­®"<��

,#822$&8&2

?

&82"$&8&"

@

>#8,/$,8!&

@

,/8%2$&8>"

@

/"8/,$&8%%

@

&8!&$&8&"

@

N©��

,#8!2$&8&/

A

&822$&8&/

@

>&8,/$,8""

?

,!8#/$&8!,

?

#;82#$&8%%

?

&8">$&8&&

?

§~N©��

,/8%"$&8&/

@

&8/;$&8&#

?

%%8/!$,8#/

A

,"8,;$&8,/

A

#!8#!$,8";

A

&8"2$&8&,

@?

Õ%QÎªÖ×j!C�c

$

ØÙÒ�ÐÑ>�ÒÓ"

&B&8&/

$!ÚÛy�!��63HI�uÜÝ��63HI'

/"8/,-

!­®"<���¾¿5JÀÁ¿5J63

HI�¥¦!QÎ����hij5J¾¿5J6

3HI�¨nÁ¿5J63HI' Þß�Åàáâ

���9Ìãäåæ5J¾ÁÔ�çè

3,&4

' \é±

²¢!­®"<���¾Áy¥¦!u

&8!&

!ÐÑ¦

nN©���C

&8">

) ¡*u§~N©��!u

&8"2

)N©��¾Áy¥¨'

$"$

>?@CDJ5KLM

$"$"!

:/;<=> ê�ëìíîÌ

!

���

��MïChij5Jðñ{ò��fò! �

,

'

µdót³lC5Jôõö÷6ø÷6��!}A

é±²³lC5J´b�¦' QÎ���9Mïù

ÂChij³l5JÐgúËûCüýðñ!5J

þÿf!a"!ð#$â%&ðø&ð!þÿÿ'

\

/:!/ C)

��!(À)*+

3,4

Å,-¯°m.' ¡

¢d%&ðªþÿv/I!§~N©��Mï5J

þÿÔ¡0É�Mï�1234' QÎ���9M

ï5hij5JþÿC678BÒÓAÐ' ­®"

<��MïC5J!f!�9a"!:;0<!ôõ

ö=>67?@AâB!ÈCD5Jþÿw�Cð

ñ"�

, DE6"

$)N©��Mï5JEH5Jþÿ

f!F�GH!�AÐCIJ"�

, FG6"

$!EH5

JþÿtâKLAM!EH�NOPACâB"�

,

FG6,

$!�IþÿEHQRSO)§~N©��M

ï5JQTf!�67âB!EH5JþÿQRF

� S O Q 0 < Û U V W 4 " �

, HIFG6,

!

HIFG6"

$'¬qe}!

!

����9¢­®"<��

ÈCD5Jþÿw�Cüýðñ! ~ýðñ2X'

\­®"<��Y8¢! ­®Z�[®\]+!^

_ùn­®Z�C`ab�!!\��Y8¢Qc

%#



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

*+, -./0,

!

.1 0/

"

"22.314 52 '67.. 879+,: ;.165<4 5, #17=31=7. 0,<

>=,31+5,0/ ?75@.71+.4 52 !"#$#%%&"#& $'()*+",-- #10736

*AB!C$) A> >AA8 #%("C%" $C8 D(A'"%&CA)AEF G5/H IJ (44=. KJ JKJL

!

!

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

!"##

2

!! ###

$

$%&' ! ()*+,-./ 0%+-.&-1234 .5 4,1-+3 *6,-1+,*7 5-.0 !"#$#%%&"#& $'()*+",-- 7-%*7 89 7%55*-*/, 7-9%/& 0*,3.7*4 :!"## 1/7 !

!# ###

$

!"#$!%&'()*+,-./012!34

56789:;<=

!""#

" >=?@ABCDEFG

HIJKLMNO3P56B7QRSTUV.

WLMXY

!"$#

"

;';';

!"#$$%&' Z[

$

\]!

%

^LM

X_B`ab346c#defFge$hijk

lm!34Bdehinopqrhist!Fg

enuvrhist! .wFgehik

& !'

6

cxyjkz{|}B~r% F

(

u

%

^LMX_

B`ab346chi1�F!��h�

%

^LM

XYB346cBdehi\���!k����

LMx��!.6c���!

!

&)

u

$%*+, !'

!&

!

,)

u

%$*-& !'

&k��LMx��!6c�V���

�!

!

&)

�

!

,)

h���k

$$*%$ !'

�

%)*., !'

�

�% ����LMdehi

/

HIJKLMdeh

i

/

��LMdehi% ��h�

%

^LMXYB

346cBFgehi\���!k����LM

x��! .6c���!

!

&)

u

"-*(0 !'

! &

!

,)

u

(,*%% !'

&k��LMx��!6c�V����!

!

&)

�

!

,)

h���k

"&*-& !'

�

(+*-. !'

��%

.����LMFgehi

/

HIJKLMFge

hi

/

��LMFgehi% ��34566ch

iy���/���+'^���lm@ ^¡¢

B£¤

!"%#

"

;';'<

!"(

1234

)* z{LMX_`ab¥

¦34B��§¨[©[

%

"HIJKLM'��L

M�����LMª`ab34

1234

¨[«¬V

­®B34

1234

¨[!¯ª°1�±²³´rµ¶

lmzG·" ¸¹��§¨º»¼h�½p!�¾

1�¿«u3PB­®1�ÀÁÂÃ0B1�¿(

k

% 0%0

'

( ,(+

'

5 -0"

'

" 0("

'

" "&,6,(,

'

.&+

'

+),

'

&+- 7'

8"

xjkG·B³´¿! .w

% 0%0 7'

8"

x

BÄ³´¿ÅTÆhÇ°ÈÉÊËBÌ'ÍB)

9:

ÎÏÐÑÒÓ!

( ,(+ 7'

85

ÔÕB³´¿uÖ±'×

Ö±w

;

*

:

B�Ø�Ù�ØÎÏÐÑ!

5 -05 7'

85

u3PÚw*

9:

BÎÏÐÑ¿!

5 0(5 7'

85

xB³

´¿Ûu

;<9

BÎÏÐÑ¿!

5 5&,

'

5 )+&

'

,,( 7'

85

ZÜÝÞßàqá�â

;

*

9

*

;

BÎÏ³´r%

5 )(( 7'

85

ãä¾�åB³´rBæ}ç34

Àè}Béê&ë=!

5 )0. 7'

85

ãäìí�åB

³´ræ}ç34Àè}Béê&éê

!50#

!¸îï

5 )0. 7'

85

=" )(( 7'

8"

B�ðñÙò34Àèóf

ô�9óBõö1�!�ð÷�!Û34èd0ø

2÷æ% ¸¹ùïhrúËBX_!ûüý�HI

JKþMª'��LMª'����LMªk

" )0.

7'

8"

=" )(( 7'

8"

Bðh�u

)*.." 0

'

)*.,, &

'

)*,)- )

!

MN



!"#$

!"!#

%&

$!

'&

!

(

!"#$%&'()

!"#!$"

!

%&'()*+,-./0123456789

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

+,3"

)

!

*+,-./0123456789:;)

"#$% ! &'()*)+, -.+/0)* 1( -0*)/2 +30)*/0+, ()14 !"#$#%%&"#&

$'()*+",-- ,)#+, 56 ,#((+)+'0 ,)6#'$ 4+021,-

7%7%8

:/7

"

;<=; 4

#

5

!

6782(

9:;<=>?@AB=

"

CDEC4" FG4H

IJKL!

!

69M;<=ECNOPQ8!!"R

;<=AS*T)UQ8" VWXY!ASZ

!

6

[*\!]^5

$

\#_

%&!

$

%'!

$

%(!

`

)*!

ECa

bLcECN%$

+

\&_

&,-!

$

%'!

$

%(!

`

.*!

ECa

bLcECN%`

/

\&_

&,-!

$

0&!

$

%'!

$

%(!

`

.*!

ECabLcECN!de

$

\`

+

\ASfg%

1%&2

'

[*\hiej9k(AS=lmJnAS*To

p=qrsM

13-2

)FGtu4H!IJKLRASv

e

/

\AS" FGw

4567-8&

xyz{|}!~�#

$%�2($ 0�2(`./0�2(=)*�!

R]^5

.*,-&9

$

):8((9

`

*%8'#9

!�./�H)

*���Q�}! zV�]�*���]^5

:

$

:8*

$

:8( ;<

!!"./0�b��*����-!0

�2(�f!#$%�2(;<=*���,3"

7%7%9

:/>56?@ �w

=>/

l��AS_

0Q��=0���!

*

62(9M>?@�hA

S=�����0]�&

=>/

%=)�� 

*

"

*

67

82(9M=>?@AS¡LcV¢£0N! �

_AS¤¢¥�G¦�

13'2

!AS¥�§�¨©ª«

AS=¬�]­$ AS)U`Qt)*�®¯°"

<

7

=+,-./>1234567?@!ABC<DB"EF

:*5;+ 7 <#-0)#5=0#1' 1( -0*)/2 .*)0#/;+ -#>+ ?@1;=4+ *', -=)(*/+ *)+*A +30)*/0+, ()14 ."-$-%%/"-0 $1()23",-- 56 ,#((+)+'0

,)6#'$ 4+021,-

)

7

=+,-./01234567ABC<DBEFGH)

"#$% 7 <#-0)#5=0#1' /2*)*/0+)#-0#/- 1( @1;=4+ *', -=)(*/+ *)+* 1( -0*)/2 +30)*/0+, ()14 ."-$-%%4"-& $1()23",-- 56 ,#((+)+'0

,)6#'$ 4+021,-

2(9M

T±]²

?9

 k±]²

?9

!

%@

?!< !

&@

?!< !

:@

?!< !

3@

?!< !

&@

?!< !

:@

?!<

#$%�2(

3#,3 )*,': *),-& 3,-)# 3-,)# ):,**

0�2(

3*,) )),*) *@,(: 3,&(* 3&,-& )',-(

./0�2(

3*,&( )),(( *3,'# 3,&(' 3&,(- )(,#

%&



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

*+, -./0,

!

.1 0/

"

"22.314 52 '67.. 879+,: ;.165<4 5, #17=31=7. 0,<

>=,31+5,0/ ?75@.71+.4 52 !"#$#%%&"#& $'()*+",-- #10736

*AB!C$) A> >AA8 #%("C%" $C8 D(A'"%&CA)AEF G5/H IJ (44=. KJ JKJL

!

!

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

"#$

!0

%&'( ) "*+,- .&//+,01&23 4,115+36 2/ 61,+07 581+,015. /+29

!"#$#%%&"#& $'()*+",-- .+&5. :- .&//5+531 .+-&3'

15073&;<56

1

=

23$%&'()*+,-.456789:;<

>,:?5 = $&//5+531&,? 60,33&3' 0,?2+&951+- ,3,?-6&6 2/ 61,+07 581+,015. /+29 ."-$-%%/"-0 $1()23",-- .+&5. :- .&//5+531 .+-&3'

95172.6

!"#$

!

!

"! !

#

"! !

$

"! !!"! !""%&"'(

%&'(!"

)*+,-"!+.)

/

,0+!!"!+01

/

,*+2!"!+.2

/

0!+0,"!+03

4

0-+12"!+*1

/

)*!"

))+31"!+03

4

,0+*3"!+!3

4

,)+),"!+10

4

2+3."!+-.

4

0)+.3"!+0*

4

+,)*!"

))+2,"!+!3

4

,0+),"!+.0

4

,,+0!"!+.1

4

0!+0-"!+0)

4

0*+*3"!+.0

4

-!./01234567

"

89:;<=:>"

#5!+!*

#$

?@ABC%?@DEBF%?@GHBIJKLM

N;OPQR?@ST&LMQ?@A"

!"

'UVW

XYZLM[\]^Q8_

6037

$ `,&)A7abJ

KLMcdefSa& LMQgh[\cdijk

lEF

6027

$%&'(!"mQ?@DEn?@A<=

aopq

.

m& JK%&'(!"mrsQLMR

?@STBa$ tmuv3LM?@DEGH"

!!

'

BI&UTnLMwxc[EBFwy$ )zS{|

c}n

89:

%+,{|c}~�$

@(=

)=+.4(>?@A

A(=(B

!"#$%&# LMQ����X���

�QLM���\��ZLM�������Qc

}&���?@�QLM��o��Q�(��E�

��QXLM��������i)�Q����

T�$ ./DE�./!"#�uv3��En�

�E� 

*

$¡¢DEQ£¤&¥m¦§Q��¨©

£¤&p�%&'(!"m�./DE�Q��¨

©6ªC&p«W)*!"&ªaW+,)*!"&

UTn./!"¦§rsQLM�¬LM­�{

®:>;y$ )*!"m¬LM­�{®n%&'

(!"mN;<=:>&¯��EB°±&UT²

W)*!"³%&'(!"xLM��Qjkl

EC&´�p��|�QLM­�{®F$ ./!

"#�¦§��Eb¡DEQµF¶µF&�

)* !

·¸µF¹º& Fo

)* !

�&

-

»!"#�QLM

¼o��½~flE¶¾¿.UÀ��$

A(=(A

'() LM?QÁÂ\Ã��pÄÅÆ

ÇQT� &ÁÂ\ÃÈ0 &ÄÅÆÇQT�ÉÈ

Ê

6.!7

$ËÌLMÆÁQ²Í;ÎÏ&Ð!LM»Ñ%�

YÒ%c[cdÓLMm{Ô$ ./!"#�!"

Quv3rsLMÕÖ�\Ã{®� 

)

$ )*!

"mn+,)*!"mLM¦§ÕÖ�\Ã{®

×�

. ;

gØÙ£¤&ª�ÚÛÜoef(%&'(

!"mÝÞß¹º£¤&�

1 ;

�£¤à¨&ª�á

âÜoef& %&'(!"mÕÖ�\Ã{®ª

a$ %&'(!"mÁÂ\ÃªC&UTX%&'

(!"m¬LM­�{®BF´�$ +,)*!"

mQÕÖ�\Ã{®ªC&LMÁÂ\Ãª0ãª

äef&JKÄÅÆÇT�BÊ&RÁÆSªå$ æ

²UTX+,!"mBpq

.

mYZLM­�{

®Ba&�ZLMnYZLMQwx­�{®ÓC

0çËÌÆÁS$ �ZLMÒYZLM&èé�

0&pêë·èTìcí&î¶ïð¾¿ÁL(¶Y

ZLM�ñ�ïÏQò{YÓïCQ&èé�&ó

ô{õèö÷�ø0ùÂaÁL¨E

6.07

$ úûü�

%&'(!"QLM�YÒªF&ã¬LM­�{

®bªF& ¶+,)*!"Q¬LM­�{®ª

a& ´�%&'(!"mLMÕÖ�\Ã{®ª

0&+,)*!"mLMÕÖ�\Ã{®ªC$

A(=(=

*+# LM?Qýþ©ÓýKEÿ!w

y&ýþ©ÈC&ýKEÈ"&LMn�bï#ðc

í

6..7

$ ./!"#�Quv3rsQLMýþ©�

MN



!"#$

!"!#

%&

$!

'&

!

(

!"#$%&'()

!"#!$"

!

%&'()*+,-./0123456789

))))

)

****

*

####

#

+

!

,-./0123456789:,-;<=2>

?<@AB<

"#$% ! &'()*#(#+, -./ 012((#.$ 3-+#' '4 0+-356 27+3-5+2/

43'8 !"#$#%%&"#& $'()*+",-- /3#2/ *, /#44232.+

/3,#.$ 82+6'/0 -+ /#44232.+ +28923-+)320

+

:

C-./D12345E92FGHIJKL

"#$% : ;'()82 43-5+#'. '4 ."-$-%%/"-0 $1()23",-- 0+-356 #.

0)923.-+-.+ /3#2/ *, /#44232.+ /3,#.$ 82+6'/0

!

"

!

!

"#$%&'()*+,-./01"23

45#$%&6789:;()<=>?@A0

14B!

<%=%>

:;<=6 ()CDEFGHI"JKL

MNOP?Q()4R<=>?STOUVWX

YZ"[\]^=J_`

#$!%

!_=,abc()GH

def'ghijkl"_=,mn"GHdef

mo! p!

"

qr"stJu

&'

6()v_=,w

x6yz{|G#$"}Fy~�#$"w�6y

��~�#$! GHdef��~�#$�w�"

}Fy~�#$�"z{|G#$�w0! ���

���N�"z{|G#$<~�#$6���)

6_=,jx���)

$('

��

#$)%

! ����`6

()GH_=,x�Eu�����6�)_=

,"q@a���:;6�)��6V�fs��

�"]^()C "()JK¡i¢£¤¥¦§P

¨©ªg"=4�f6«>¬XUV�^!

<%=%!

>?@ C 6()D­®|¯6°±²"

JKLM³NOi�"]^()6*3´<�µ´

­®¶·! p!

"

qr"z{|G#$��)¸ 

¹w·"q@ap�z{|G#$�º¡�)st

Ju»x"~�#$<��~�#$¸ ¹-./

01! ¼�"�)'¸ agh½E"¾¿ÀÁ6

ÂÃ°±

#$(%

!

+

?

M-./D1345E92NO<!PQRST!UVW

"#$% ? @3-.09-32.5,A 4322B2C+6-1 1-+23 *32-D 3-+2 -./

32+3'$3-/-+#'. E-()2 '4 ."-$-%%4"-& $1()23",--

0+-356 /3#2/ *, /#44232.+ /3,#.$ 82+6'/0

p�¢ÄÅÆ67894RÇÈ"�É#$a

7Ê9TËÌÍÎ6ijÏJ"#$6stÐÑÀ

Á7Ê9TÒ6Òs! \�)Óy7Ê9²6Ôj

%&



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

*+, -./0,

!

.1 0/

"

"22.314 52 '67.. 879+,: ;.165<4 5, #17=31=7. 0,<

>=,31+5,0/ ?75@.71+.4 52 !"#$#%%&"#& $'()*+",-- #10736

*AB!C$) A> >AA8 #%("C%" $C8 D(A'"%&CA)AEF G5/H IJ (44=. KJ JKJL

!"#$"

[1]!"#.$%&'()*+),-./01234[D].56!5678"2017.
[2]FENGY"XUB"YAGOUBAEG"etal.Roleofdryingtechniquesonphysical"rehydration"flavor"bioactivecompoundsand

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

"2021"343!128404.
[3]9":";<=">?@"A.BCDEFGHIJK&LMN0OP[J].QRSTUV"2020"41#17$!131-134.
[4]GONGW"LIUT"ZHOUZ"etal.Physicochemicalcharacterizationsofstarchesisolatedfrom!"#$%&#'()% *")&+",%-.) Dielset

Gilg[J].!-.*&+./*("./0 1"2+./0 "3 4("0"5(6/0 7/6+"'"0&620&)

"2021"183!1540-1547.
[5]WANGL"YEF"LIS"etal.Effectsofoat!-glucanincorporationonthegelatinization"flowabilityandmoisturesorptionofwheat

flour[J].!8"9:&+ ;&6%."0"5,

"2017"315!430-437.
[6]HAYAKAWAK"TANAKAK"NAKAMURAT"etal.Qualitycharacteristicsofwaxyhexaploidwheat%

!$'#'/.) %"&#'0.) L.&!
Propertiesofstarchgelatinizationandretrogradation[J].!$&+&/0 $%&'()*+,

"1997"74%5&!576-580.
[7]WXX">YZ.[CDEFG\]^_`a0bcMN34[J].deQR"2021%7&!183-187.
[8]LIW"LIC"GUZ"etal.Relationshipbetweenstructureandretrogradationpropertiesofcornstarchtreatedwith1"4-"-glucan

branchingenzyme[J].<"": =,:+"6"00"(:)

"2016"52!868-875.
[9]fgh"ijk"lmn.`aopqrsVtuvwQRxy(0z{[J].QRSTUV"2022"43%18&!456-464.
[10]|}~.BC12F���c�����`'opq0OP[J].�����U�"2021%5&!18-24.
[11]���"���"���"A.[C12F������'RN0OP[J].(�QR8�"2015"15%1&!136-141.
[12]���"��"� ¡"A.[C12¢�H£¤&aRN¥M0OP[J].QR¦TUV"2019"40%6&!26-30.
[13]KIMY"WOOKS"CHUNGHJ.StarchcharacteristicsofcowpeaandmungbeancultivarsgrowninKorea[J].!<"": $%&'()*+,

"

2018"263!104-111.
[14]POZOC"RODRIGUEZ-LLAMAZARESS"BOUZAR"etal.Studyofthestructuralorderofnativestarchgranulesusing

combinedFTIRandXRDanalysis[J].1"2+./0 "3 8"0,'&+ >&)&/+6%

"2018"25%12&!1-8.
[15]i§.¨¦¢�H��©ªs0OPu[C«¬��`abc¥Mq­[D].®¯!°±²³78"2021.
[16]WOJEICCHOWSKIJP"SIQUEIRAGLA"LACERDALG"etal.Physicochemical"structuralandthermalpropertiesof

oxidized"acetylatedanddual-modifiedcommonbean%1*%&"2+.& 0.+(%$'& L.& starch[J].<"": ?6(&.6& /.: ;&6%."0"5,

"2018"

´µ¶N·¸¹º»12�t¼½0¾¿ÀÁ' Â

{

!

«12¢GÃb-Ä/ÅÆÇÈÉDE`a"

vÊË�ÌÍ¥MÎÏÐÑÒÓÔc' ÕÖ×Ø1

2ÙDE0Ú`aNsÛÜÝf"oÞ�pÞNs

ÛÜÎfWvß

"

Ù"Íàá`aâãä´0�å

æç"�`aâã0èé­�"êcëìÝí"îï

ðMÝñ"òóìÝf"ôîõcMÍ�ö÷ør

M­í' ùú"ÕÖ×ö12ÊûüýH­�"þú

ÿ!12`aâã"#�$I%ÎÝ7"Ø÷ør

MÝ&"ÊûüÝ7'

!

«12¢�\`a'(ü)

ÒÓ*+' 34,("ÕÖ×Ø120-Ä/ÅÆ

w¨¦(-´./0¼0"Ê1vß�2"3/Õ

Ö×Ø12Ãb40Q)¬5¶`aÎ-´­6

0MÍ' 7ù"ÕÖ×Ø12Ãb¢8wQR,)

R`axy(-´960:;<='

34-Ä/`a¥M[>H`a?gÂ{x

y,@:AB¥CMN0`a-´%DEF"H-

Ä/GH:I)JKÛ0LMM¸{NOP¾¿'

Hä�0ÛQRc( ÙÛÛS,ÌÍM34,("

(T)(0/U-´Vf0Ð¶8WM"X´YZ

UZ[(î\](î^_(`abc(îd(îecf

uîgêA)b¸{

#"$%

' [C012¢�Hä*�

0bcMÍ,Ð¶8MÍhÐÒÓOP"iXwj

k¢I"`a·ÍHÄ/(´JKÛ:I¸{-´

lr0mMnb¸{

#"&'"(%

' �"oAp34qr

#)%

"Õ

Ö×Ø12·s-Ä/ÅÆÇÈàtu/´JK

Û' G34,("ÕÖ×Ø120-Ä/`a0b

c¥M�ÌÍ¥MÝ&' -Ä/`a�GH)JK

Ûýv¸{µw´x~ly34' z{H

!

«12

¢80-Ä/`a¥M34"¹~ly34`a�

-Ä/:I)JKÛ|}0~�D�U8��"X

¹�r-Ä/ÅÆ`afRN12VtD�Ñ��'

MM



!"#$

!"!#

%&

$!

'&

!

(

!"#$%&'()

!"#!$"

!

%&'()*+,-./0123456789

! " # $

38!318-327.
[17]FRANKLINMEE"PUSHPADASSHA"KUMARB"etal.Physicochemical"thermal"pastingandmicrostructuralcharacteri-

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

"2017"67!27-36.
[18]GUOK"BIANX"JIAZ"etal.Effectsofnitrogenlevelonstructuralandfunctionalpropertiesofstarchesfromdifferentcolored-

fleshedroottubersofsweetpotato[J].!,-./'-0.*"-0) 1"2'-0) "3 4*")"5*(0) 60('"7")/(2)/+

"2020"164!3235-3242.
[19]FELISBERTOM HF"BERALDOAL"COSTAM S"etal.Physicochemicalandstructuralpropertiesofstarchfromyoung

bambooculmof/0%1")0 *".2-+23)[J].!""& $%&'"("))"*&+

"2019"87!101-107.
[20]!""#$"%&'"(.)*+,-./01[J].2345"2008"29#12$!132-136.
[21]678.9:;<=>+?@AB.CDEFG[D].HI!JKLMNOP5"2012.
[22]QR"ST"QUV.WX+?@A./-0Y[J].23EZ[\]"2008"34%4&!36-39.
[23]^_`"Qab"cdd"e.f/gh+?ij-klmn.[J].opL]N5"2017"50%8&!1514-1524.
[24]qr"stu"vw^"e.xyz{|}~���+?@�./-��[J].23\]"2018"39%7&!4-7.
[25]���"���"��"e.+?���n��0Y��[J].�2E��\]"2014%3&!30-34.
[26]NEPEI"CONWAYBR.Physicochemicalcharacterizationofgrewiapolysaccharidegum!Effectofdryingmethod[J].

80'9":%&'0./ ;")%7/'+

"2011"84%1&!446-453.
[27]LIUY"LUOM"LIUF"etal.Effectsoffreezedryingandhot-airdryingonthephysicochemicalpropertiesandbioactivitiesof

polysaccharidesfrom!43'*+'".0 32-23)[J].<-./'-0.*"-0) 1"2'-0) "3 4*")"5*(0) 60('"7")/(2)/+

"2020"145!476-483.
[28]�"�"%��"���"e.xyz{|}~����o� ¡¢£C-��¤¥¦[J].op§¨o�"2020"22%2&!219-

223.

)*+,-./0

"

#

123456789:;<=

©ª«¬|­®¯°"

#$#!

±

%

²

&

³" ª«´µ¶Z·}¸ %

'(

&

#$#!)&

¹º»" ¼©ª½¾¶¿@À¶}¸

%

'*

&

+, #$%-)##.!

Á

#/0#1

º¸n-ÂÃ"ÄÅÆÇ¡

"

#

ÈÉ?%

2345637 "

#

689:;,,6 <,=>?;

&ÊËtÌ23ÍÎÏÐ"

ÑÒÓª«´µ¶ÔÕº»%

'(

&

#$%@)#&@$

Ö×ØÙtÌ23ÚGÂÃ'

(Û°ÜÝ)

'(ABC?D :,6?E*,663993,7 F6<G?6?7437H A?H8G543,7 0'(I #$#!)& ,J ! K5785;L #$#! 584:,;3937H 4:? <G5M37H

,7 4:? 65;N?4 ,J 2345637 "

#

689:;,,6 <,=>?; 59 5 7,2?G J,,> 57> 56?7>37H F6<G?6?7437H A?H8G543,7 O'(I #$%@)#&@$ 0P?D4

=34: ''Q ;?G?257M?I R'S)TCUE 0#$#! B% B!IE:44<9V))?8; BG?DE?8;,<5E?8)G?H5G BM,74?74)'+)QCC)W8;3 X8;39?;2VTKECYE

#$#!E$$#E$%E$$$!E$%E'+Z

%&


