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Abstract: In this study, jackfruit seed starch (JFSS) was used as the raw material and subjected to separation into amylose and
amylopectin. The obtained amylose was mixed, at a mass ratio of 1:1, with five types of amylopectin with different degrees of polymerization,
and the resultant mixtures were subjected to gelatinization / retrogradation to prepare retrograded JFSS with different degrees of polymerization
of amylopectin (RJFSS: M1°, M5’, M6’, M11°, and BD’). M1’ had the lowest degree of polymerization of amylopectin, while BD’ had the
highest. The five RJFSS samples varied significantly: from a compact structure to a loose structure. High syneresis led to the formation of a
compact structure, whilst low syneresis had the opposite effect. Increasing the degree of polymerization of amylopectin raised the Avrami
exponent and transition temperature, while decreasing the recrystallization rate, retrogradation enthalpy, degree of retrogradation, relative
crystallinity, absorbance ratio of the five RJFSS samples. The results of the thermodynamic properties, crystalline structure, and short-range
molecular order confirmed the retrogradation behaviors of RJFSS with different degrees of polymerization of amylopectin. All the obtained
results indicated that the degree of polymerization of amylopectin is an important structural factor affecting the retrogradation behaviors of starch
during storage.
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BKO, ERAVERTOT R R, JEE E AR
(jackfruit seed starch, JFSS) HA—EMIhReRHE,
BN R A IR R R R A
JFSS iEBA M, Planmtbdlfs A 5 (DP
6-12) {KLL111 B2 5% (DP 13-24) F1 B3 % (DP>37),
IR P EE K, Rk, JFSS RI{E IR iR ka4

SRR —

AR TR AR 248 (Scanning electron
microscopy, SEM). Z X # X (Differential
scanning calorimetry, DSC). X-#FZ&fiT8{¢ (X-ray
diffraction, XRD) FIEEIKkAs S5 8 L AL £ Aot

( Attenuated total reflectance-Fourier transformed
infrared, ATR-FTIR) WFRAANIGSCEER & LN JFSS #
PCREERREI . #RYE Aveami 7 2B ALR T
JESS FEf# AP R AT N BT R FS R G
5 JFSS AR AIRARCE . FETARSCRER S
FE, WIFTENBN 1% URRaE e, IRk 45
mn S AR RE 4y 1 P P Z AN AE OGP o X e ]
it AR TR S R LIS o
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P 5 PPl b E R RO R E B B RICRHIE AL
Fse i, BAEER MEAN A (BD) A5 5] i
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KAGIE 65 (M6) HoRPGIE 115 (M11).,

BT B WA N E = adi.
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. 1 200 HE, KPEEERTTENERE, 5000 r/min
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average molar mass, M, ) FIE(¥)5F & (number-
average molar mass, M, ), B 5 & (weight-average
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(number-average degree of polymerization, DP,) F1/y
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&L, R 0nm), SREMHA 20 kV HIIEH
JEDERE . BRI ECA 5000xT,
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RIFSS it Iz K BT il sS04 6%, 100 °C
IKIREARNFA 30 min, KERPRYDZ NFRE G 1RO
s, -18 'CFAY 24 h, 30 CREZ 6 h T8
AURAARYR . SRJ5 5000 r/min 5.0 10 min, JUEVIFR
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/ﬁ%ﬁj\%tﬁ: B?‘?\&%i%/g <00 (3
BT S/ g
13.7 EZXWE AL

2 mg RJFSS FEih5 4 pl 2808k st 122 7R
7, BETnmhEs, iR 24 h. LU 10 'C/min
FIEFEM 10 CHIFAZ 100 °Co WIE LGRS (onset
temperature, 7,). WEHIRAE (peak temperature, T,,)
& IEIRE (conclusion temperature, 7,.), JELEX}IE
AR THERE AU KS (retrogradation enthalpy
AHr) . JERZEE (degree of retrogradation, RD) 11
SR, GRS AR B e et AL (1.3.4) J5
K5 AHr ARFERTHETES):

ZAL S AHr
BER ALK

MR 5 it 77 A TR R BORE 5 B9 AHr A8 0] DLEE ST
Avrami J78, HTiHEIER KRS SIEEFEE (O
1 Avrami 820 (n):

ln{-ln{l-m}}zlnkﬂalnt 5)
xoo-xo

Ko A (d); x () Rk ot agmBfa (4
S AR 0. 1. 3. 5. 7. 14, 21, 28 #4235 d); xpA" x.20°
F A BF 18] O FebtiE)oot) AHr & .

RS (%I (5) MESS, W Ing EATLME
EE, BRI E Avrami I88 n, HIZEIERE
A R RO
1.3.8 XA &RATHBAHT

S3PHTHT, RIFSS Kb 50 C P £ /K MEE 9%
RIS NARAE, IR 40kV, HIL 200 mA, Cu-Ka
ST 0.154 nm. AL 4°, ZIEFFE 400, K
BRI 1°, B R HURIE 1°, B2l 0.2 mm, HH5E
JE 4%min. HIXHSE ST R,

—%fﬁﬁjn x100% 6
139 FiRABRIHME Lot AL i AT

Hi/b i RIFSS FEAE T ATR FEfh G L, 29
F 4 em’, TS 64 K, AN 5 800~1200 cm'!
X3 [ =5, A9 26 cm™, BGIRE T 2.4 WO
P s R s,

bt A Wi / % =

RD(%) = x100% @

HAX G B/ %0 =

A107 cm™

e D
A1022 cm™

RGRELE =

L4 Fit o

K SPSS 19.0 AR EARRAT S 00T, Seit
2 b p<0.05 NEZ, p<0.01 IR, Origin 8.5
PEAT 4 AR

2 LR

21 X#EReE

5 Fh 85 TENY DP,,w DP, F1 D (45 BB S5 1E% 1,
HIEHE 2 5N 189506~431481 . 120370~344444 Fi
1.144~1.574. 5 Fi=CEEER ) DP,« DP, 1 D fF1E %
ExES (p<0.05). M1 CEEIEN 1) DP,, #1 DP, F ik,
BD SCEEVERY DP,, F1 DP, 55 « 5 KSR EIE R 1 DP,,
WE 7L 45 A b, W K K UE ¥ I DR, B

(442154~928000) 1, /NI HEGENR DP, BUK

(4101~6463) ", [FWF, 5 DP, FIFFFCMIEL, R
KAHKIEHR (47483) VRIRZZ SETER) (5726~8000)
UOTE) DP, IR o 72 A SR 2 53 (4 JE R T B R SR U
PR ANE R AL R D FoR PR/ E R,
M1 SCBEVERI D e, M5 SCEEER D &K, X
RKIAMIL 53 FRANZEFK, M5 T RINZERED.

1 5 Fh PSS MMM IEREE
Table 1 Degree of amylopectin polymerization of five JFSS

samples
Amylopectin DP,, DP, D (DP,/DP,)
Ml 189506+572°  120370+240°  1.574+0.02°
M5 322840+476%  282099+273%  1.144+0.02°
M6 378395+429°  303704+401°  1.246+0.01°
Mil 408024+632° 330864357 1.233+0.03*
BD 431481+381°  344444+439°  1.253+0.04°

iE: DP,AEHRAEE, DP, ARIIRAEIE, D HAHHJE.
Fl—4FAEASL, TRFEHATERAMEEE (p<0.05).

22 HAWHR

5 Fi RIFSS AR IROMIES S 457K 1. RIFSS
FEMIRORTEAS 50 30%, REAAEDER L. Hu
SV, R E ZATER T R ALY PR TR
W28 HURE TR, SCREGE R H XU e BB HEZ T
EUCE RIEEM, FEHLEEERD . RIR JFSS [0
RES Y B = fE . BRI 0, 5 K48 TFSS
AHEE, RIFSS #F i RO TS0 A A2 5 25 84K . AR 9 Hu
SEUSHRAE,  ZALTEN MOS0 A AR e =t T ek
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Fig.1 Morphological of five RJIFSS samples

JE: a: M1’ b: M5, ¢: M6, d: Mil’F=e: BD’.

M1 FERLE] BD R St 20 I 5E 22 i FLIRE5 4
MU B HISCEER G L RAR, TRl ER D, LI
Jei [ S B KT AR )T X 3. BD BRI SCBE SR &
FEfri, TRHAILIRERZ, KU S<Mse-ait . 4
RRH], SCHERG N, FERIE I FLIRE D, &5
PR . M, SCHERRAETEMA, FEmEaEL, B
B ALIR B Z o Rl AR S8 R 5 R FT RE S R A
RIFSS i o0l 45 44 (1) B 2R 2

2.3 Avrami 15 ¥

2 G5 T AT 0~35 d 1) 5 RIFSS # 5 11 AHr
A1 Avrami Z BN 11550 A7 TR O d B n %) 35
d, 5 A RIFSS FEdhHI AHr WBHEHIM, 435K
0.89~10.88 J/g (M17). 0.81~10.24 J/g (M5°)+ 0.74~9.83
J/g(M6°).0.67~9.61 J/g(M11°)F1 0.59~9.12 J/g(BD*).
KAKTERMESE 0~28 d, AHr I\ 2.06 /g H&hn%] 6.88
Vg FKTERELE 0~30 d, 4Hr M\ 0 J/g $Eh0%) 4.99
1 EET AWRRAEL, AHE Tt S P R R,
R AHy B g A7 135 0 .

KH Avrami FFETHE 5 B RIFSS BEGL K n A ko
5 Fft RIFSS BEAL AR R 5L (R%: 0.97~0.99) £ 1,
ORI HAE S Avrami BAI)E R AF. 5 FF RIFSS
FESI 7 N 0.77~0.90, kN 0.08~0.13, 5 Fh RIFSS K]
n Mk FERZEZER (p<0.05). MUFEFH n &K,
BDFERI 1 B fe B n SEURH RD AHKEY,
Kt BD #E i B B MUEES AR 2 ALk sh . 5 A
RIFSS FESL n B/NT 1, R WSS 1 8%
BEBTREIEBRET ML, 3% Nobile M A D Z54R1E™,
kAEASOR, B EEARHE, MU & 55, BD?
FEfh ke A%, R MRS B4 SRR, BD
PG RS, I H MRS E A SE R BD?
PR1.63 fif. BEESCEESRA RN, n FHHM, k&
B, IXRIMSCEE R A AT LN RD ANGER:
HAE IR, mCEER G E R LR RD AER 1 H
ghimidR,

2 NEZHEREER 5 7 RIFSS HMmA AHr F1 Avrami ZUENHESHTK
Table 2 Change in AHr and Avrami retrogradation kinetic parameters of five RJFSS samples with different degree of amylopectin

polymerization

AHr/(J/g)
RJFSS
0d 1d 5d 7d 14d
M1’ 0.89+0.08* 2.13+0.14° 3.28+0.21° 4.78+0.25° 523+031°  6.83£0.21°
M5’ 0.8120.12° 1.83+0.18° 3.04+0.24% 4.02+0.21% 5.06£0.26°  6.57+0.26
M6’ 0.740.04° 1.76£0.16° 2.83+0.17° 3.94+0.19° 4834028  6.24+0.19°

MID 0.67+0.09° 1.65+0.09° 2.1940.16° 3.27+0.24° 4.02+020°  6.02+£0.21%

BD’ 0.59+0.11¢ 1.39+0.18¢ 2.01+0.22¢ 2.98+0.18¢ 3.81+0.15¢ 5.73+0.18°
AHr/()/g) Avrami £4%

RIFSS 21d 28d n k R’
M1’ 7.85+0.31° 9.26+0.17*°  10.88+0.13% 0.77£0.034¢  0.13£0.077° 0.99
M5’ 7.61£0.24% 8.76+0.24° 10.24+0.25° 0.80+0.021°  0.12+0.046° 0.99
M6’ 7.32+0.29° 8.50+0.18° 9.83+0.27¢ 0.81+0.027°  0.11+0.059° 0.99
MIl’ 6.83+0.33¢ 7.93+0.25¢ 9.61+0.18% 0.82+0.055°  0.10+0.123° 0.97
BD’ 6.39+0.28¢ 7.7120.27¢ 9.1240.26¢ 0.90+0.035  0.08+0.079° 0.99

i AHr HEALKE n A Aviami 4840 k A EL i E R AWK AR, AR, RRFERFEFRILE (p<0.05).
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7 3 5 AR EEREAIE) BBk iR
Table 3 Syneresis during five freeze-thaw cycles

RJIFSS 1 K/% 2 R/% 3 R/% 4 K% 5 KR/%
M1’ 55.72+0.28" 63.58+0.32° 68.29+0.27° 74.56+0.38" 79.82+0.35
M5’ 54.58+0.31° 62.10+0.14° 67.55+0.19° 74.09+0.29° 78.26+0.41°
M6’ 52.83+0.27° 60.84+0.27° 66.96+0.23° 72.82+0.32° 77.53+0.39°
MI1° 51.29+0.31¢ 59.28+0.18° 66.12+0.16° 71.76+0.24° 76.86+0.53¢
BD’ 50.14+0.19 58.13+0.36 64.24+0.25¢ 70.12+0.42¢ 76.17+0.46°

E: BARETATFIEAATE L, F—HES, TRFERATERMREE (p<0.05).

24 mEAREM (RAKYE%)

It A WAL s B 1 7 B IS H A A e
F, FTCAHRVHAS ek R miAe e . 5 F RIFSS F
MBS S RIRRIEIR IR AE5TER 3. 5 B RIFSS
FE it 10 B8 7K W 4 73 4 55.72%~79.82% (M1°) .
54.58%~78.26% (M5’ ). 52.83%~77.53% (M6’ ).
51.29%~76.86% (M11°) A1 50.14%~76.17% (BD’).
PAMUFES B, G 1 IREBNEE 5 IAFEIN,  BuKusds
M 55.72%3EINE] 79.82%. HRYE ERZER KB, K
WA G VRIS R EG N,  7EH A 4 Foee i ot ou
REHFFING, XRREE RREARIE N, JEh
B T LK. Lan ZEPMRGE, (K N iEkh
B2 A T A a3, SEIIRY R K
HI7K .

RIFSS Ff & 5 K Uk @l 75 28 1 3 43 Sl 2
50.14%~55.72% (1 )+ 58.13%~63.58% (2 1K)
64.24%~68.29% (3 )+ 70.12%~74.56% (4 &) Fl
76.17%~79.82% (5 K)o 5 FASFISCEER &% RIFSS
FER BB AR R 2R (p<0.05). PAES 1 kTG
R, MU S BA fem R K W4E (55.72%), BD?
FES A BARAIB KRS (50.14%), fEHAD 4 KA
W R T AR, ik, PSR AR
%, BKSZEZEHEIN. Wu 22560, Jen i
IR KU ARSI T BB S5 . AR Lk
FOE A, EE RS mBOKISGEE 5%, HE R
(L, IXWAESE T AT SEM MR, 5% bl
W, BAESEERAFIN BD RS SN AR AL )
HIE A E LG, A RIS B SR A B MR
I H i A ) HE T U B K

25 #HAEEH

5 P RIFSS FEa ) e L A5 7R 4 FTE 2,
5 Ff RIFSS #EfH) T,« T,« T. Rl AHr 53514
51.35~54.39 “C. 61.72~64.55 C. 70.21~72.01 ‘CHll
9.12~10.88 J/g. 5 FPAFISCHESR A RIFSS £ #k

MR EZER (p<0.05). KIR JFSS 1 T,-
T T FURAESHIH 70.49~84.91 'C 77.26~87.43 C.
88.32~96.58 ‘C #19.14~16.78 J/g!'™. 15 K4K JFSS AL,
5 Ff RIFSS FESHI T, Ty T. 1 AHr %24 . Wang %520
RI, BATEN IRF SR UE R BRI AT 5 R ARVERD
AN FI I B0 454, PRI RIFSS BERL YT T, Ty
T R A Hr B AT i PRy AR AR I s A7 0 () o S
PO B =445, (HAALLRSR JFSS f5E
FLERIFN BTN . CEARIENETER T,n T,
T. Fl AHr 433N 442~50.5 C. 50.5~55.6 C .
51.7~59.8°CH10.7~3.0 J/g*". AWFFhHEHIEE T
INTZUENY, XIS RN SEEREE . ELBEVERD
IS HEUE R IR LT DA R S B SER i Si pe ce 1220,

5 F RIFSS B T, T, F1 T b SCRE SR & FE RS 0,
AHr WIBE% . BAT 8K T, T, 1 T, (51.35 °C, 61.72 C
17021 C) 1 MUFESBoR H Bemil) aHr, FAEN
10.88 J/g. #H, HA&m T,. T,M T. (5439 C,
64.55 ‘CH172.01 “C) () BDFEM Bom B AR 4Hr,
HAE N 9.12 J/g. Zhang ZPIEH], HATRARFEASE S
(17 JFSS B e e, 1XIAF T JFSS JERCE 2 (1)
SCEEER R, (ERIUTED, BRIIA K 8RB E
PRI, MIFE S L4 5 TE U S AN 5636, e itk
RY5],  BD RE S BRI 45 . Zhang 254
T, SRR R T 2 ik, LR EE 2 16
BRI e, AW a0 ZEREY, 5 BD
FERAHLE, 546 MUAE S G AR IR T B K B S B e
ML T B 2 R R .

5 Ff RIFSS #4411 RD 435129 65.90%~69.79% . 5
Fh RIFSS ¥l 1) RD fEAERZE 27 (p<0.05). MIFE
il RD feisr, BDAESLT RD AR, iX3RH MUFEf
Ko, BDFEMARGZMN. CEMiE REME
KIER I RD 4y BN 24.52%~44.22%F1 46.19%~
56.56%>"1, RIFSS [ME R T REMEKGEH, 257
AT REAR BTN FIIFAE IR SR, JE A SRR E K 2H S Fe
SR T MUBES SRR & S IR, BDRE
M RSCRE R A B A, AT MIKSCRE SR A B T DUBIER v
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g, RSCBERG A DRI E . AR TS,

R 5 _ERBEAE ALK AT S 45 18— 2.

R4 TREIXERAER 5 # RIFSS #ERATHAMER
Table 4 Thermal properties of five RIFSS samples with different degree of amylopectin polymerization

RIFSS T,)C e T.J°C AHr/(J/g) RD/%
M1’ 51.35+0.23° 61.72+0.15 70.21+0.12° 10.88+0.13" 69.79+0.12°
M5’ 53.26£0.15° 62.34+0.26° 70.82+0.25° 10.24+0.25° 67.50+£0.19°
M6’ 53.78+0.28° 63.28+0.19° 71.37+0.27° 9.83+0.27° 67.42+0.26
Mi1’ 54.14+0.33" 63.67+0.30° 71.62+0.19° 9.61+0.18% 67.25+0.24°
BD’ 54.39+0.24° 64.55+0.28" 72.01+0.32° 9.12+0.26° 65.90+0.27°

E: Ty RAERE; T, YURE; T. bR AHr 400 RD: ALK, BEETAFHEARRE, Fl—HIESRL,

FRFHEAFERMEE (p<0.05),

M
=M B
— M6

Pttt / mwW

40 50 60 70 80 90
e/ C
& 2 NEZHEREER 5 # RUFSS #mmAY DSC #AiEE
Fig.2 DSC thermographs of five RIFSS samples amylopectin
with different degree of polymerization

26 S

5 NEISHEEMIRAER 5 #RIFSS FRAVERTE R B FIR
SELL (1047 om'/1022 cm™)
Table 5 Relative crystallinity and absorbance ratios (1047
emY/1022 cm™) of five RIFSS samples with different degree of

amylopectin polymerization

RIFSS Azt dh/E/% B KEH(A1047 cm'/A1022 cm™)

M1’ 9.56+0.17* 0.56+£0.02°
M5’ 8.72+0.13° 0.55+0.04°
M6’ 8.36:£0.19" 0.53+0.02°
M1l 8.110.20™ 0.52+0.01°
BD’ 7.53+0.15° 0.50+0.03¢

E: BAREATARYMEATEE; Fl—HIEAK, REF
BHETEFHERE (p<0.05).

5 Fh RIFSS £ S A Eh My 5 7E 3R 5 A 3. 2
OB 17° F0 220 B 1 S S 5 P P DA R T2 Ak Sk 11
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Fig.3 XRD patterns of the five RIFSS samples with different
degree of amylopectin polymerization
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