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Effect of the degree of amylopectin polymerization on
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fruit seed starch (JFSS), and the same amylose (50%) was
mixed with five different types of amylopectin to prepare JFSS
(M1', M5’, M6', M11', and BD') with different degree of amyl-
opectin polymerization. The effect of the degree of amylopectin
polymerization on physicochemical properties of JESS was investi-
gated. M1 had the lowest degree of amylopectin polymerization
(189 506) , while BD' had the highest (431 481). As the degree
of amylopectin polymerization increased. the syneresis, gelatini-
zation enthalpy, peak viscosity, trough viscosity. breakdown, fi-
nal viscosity, setback, relative crystallinity, and absorbance ratios of
the five JESS samples decreased from 72.87%, 16.59 J/g, 4 755 cP,
3548 cP, 1 207 ¢P., 5 751 cP, 2 203 cP, 33.22%, and 1.56
(M1") to 66.79% . 11.04 J/g, 2 717 cP, 1 971 c¢P, 746 cP,
3158 ¢P, 1 187 cP, 27.94%, and 1.45 (BD'), respectively.
However, the transition temperatures and pasting temperature
increased from 48.19, 60.39, 75.32 ‘C and 77.55 ‘C (M1") to
52.39, 64.54, 78.47, and 81.60 ‘C (BD'), respectively. The re-
sults of the freeze-thaw stability, thermal properties, crystalline
structure, and short-range molecular order indicated that the de-
gree of amylopectin polymerization is an important structural fac-
tor that can affect thephysicochemical properties of starch.

Keywords: jackfruit; seed; starch; amylopectin; degree of poly-

merization; physicochemical properties
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o REER. S TR 60% ~80%M, ATABIA &
P IE 2B b F3ER Gacklruit seed starch, JFSS) HL A5 45 7k
BTy BT 81 A AR 86 M /N R AR | v T A L R K T R
WBE T 5 I B B A MR 454, 35 & LBy AR5 (DP
6~12) A% He il 1 B2 4 (DP 13~24) Fl B3 % (DP=37) L)
B i K0 g B Wl JFSS & —Fh
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TR EA ARG, HANFE &R JESS i 38 A0 R 17 4
BEZER., RIFFREL R R G B A S0 UE B A 7] &
T JESS B 0 W R G 1 1 30k 25 % v S B ST 0 4, R
2 3 5 & Y (Differential scanning calorimetry,
DSC) | 33 £ BE /3 #r 4 (Rapid visco analyser, RVA) | X-
SR AT X (X-ray diffraction, XRD) F 5 i 42 2 T 4 B
nF A8 4k 21 4F 5% % ( Attenuated total reflectance-Fourier
transformed infrared, ATR-FTIR) [t & % % 2 & B %t
JESS AR ME 52 W0 7Y 22 5 1 O 8 A JESS 43 1 45 1 4
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AT R A N JTESS B AL 4 1Y 5% i LR 4R it 2
2 R it — 2D AR S TE B A A AR L S AR AR
1wk ik
1.1 R ENER
LL1 broek5 it

T 0B AT R D PR A b A (BD) AR 51 E S
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S (M6) ISR TG 11 5 (M11) , B $AF 4Rll B} 2% e
BRI 5T BT 5
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1.2.1 WEEMFIEMEER RIE SR8 MBS T .

A BE 2 HUAS b 7 25 5 L S 3 HURL R 048 , 7877 1B M4 B 40
. 3 200 B S KR ZBR AT . 5 000 g/min
#5010 min, PLHES 0.5 mol/L ARARARBRENHL Btk b 1 1 1
WA 36 he FRKE.L (5 000 g/min, 10 min) , & £ UL
WEY LR 0. 2 WOKEEE 1.0 mol/L # e b fl &
pH 7.0, .0 (5 000 g/min, 10 min) , ¥ J& H B & 4 5%
5040 TEK LEHE— B0kt . ULIEW B 7R T oKk 4r & it
i+ 13% .73 3] JFSS,

1.2.2 HHEEER FISCHEEVEM 95 B AR SCRL2 8 Bl
U JESS 25 18 7K B i B0 5 43 %X 320,100 C /K 15 4%
PRI 1 h,5 000 g/min B0 10 min, JLVEY RAEH
VWA /2 R AK B E 12 h R IR E O
(5 000 g/min, 10 min), JLFE N HEEVE R . L PR AT 1Y
T UE 0 0 2 18 7K TG AT 434 324,100 °C K A B A
1 h, B0 (5 000 g/min, 10 min) , BT A3 U0 € A B B
Tl % B R 4 B 8026, R JiE 5 min, B0 (5 000 g/min,
10 min) . YLIE B SCBE JE B . I 15 U€ 4 7 SCBE TE B
VR TR B K Sy A i <1300, B4 B BB TE A K Bk
1.2.3 CHERGEMME M SRz o™ - A
R RORCT HEBH 3% — 2 /i B WO R BUN — R 29T 6
BRI E 3B BE By 19 T 2 7 7 & (weight-average molar
mass, Mw) 1 43 T & (number-average molar mass,
Mn), HEIER G JE (weight-average degree of polymeriza-
tion, DPw) , ${ 4 I & & (number-average degree of poly-
merization, DPn) il 4 # & (dispersity, D) 4% 3 (1), (2)
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DP.,
DP,
o
DP.,—HHREE g/ mol;
DP,— (R4 B, g/ mol;
M., —— &4 T4 g/mol;
M, — 835 ¥, g/mol;
162— J/K i B o F 7 L g/mol;
D— 43 HUE » g/mol,
1.2.4 B4 EERFEMOH & ML EAE AR
[|) 38 & JB 37 % 38 B (M1, M5 . M6, M11 Ml BD) ## & & kb
1:1iRA. 5 FhE 4 JFSS BEd 23 Bl a4 M1' M5,
M6' . M11'#1 BD',
1.2.5  WRalfa e MRS SCERC10 B o n . B A
T A8 K B S B 4 B 626, 100 °C K VA 48 IR i #4
30 min, MR EAMREEHELETHE, —18T
T¥ W 24 h,30°C ¥R 6 h BEAT B R U FR R
5000 g/min B§.0>10 min, JOIEYFRE LR AL0G SR E &2 5
Wo BEREAE IR T 43 B 7K 10 5 2 1 Sk /K e 4 1 AR

D = , (2)

c-::—fx1oo%, 3
A
¢ B K W4, %

BRI 53 B VR A T R g
BOHTBER B E . g,

12,6 24T Al Ak A BT AR SCERCT B scin T .
2 mg FERL S 4 pL ZBIBKE TR L 10 2R 5 iR
B, WP 24 he BL10 °C/min A 10 CTHI#AZE 100 °C,
I A JR MR BE (o) (AR IR BE (T p) R Z IR TR BE (Te) 5@
Job % 0 TR AR 3 SRR S BEIR AL KS (AH ) o

1.2.7 MR AT A ARIE SCERL7 1B T -
3 g FEM A SR, B0 25 mL ZEIB K. i 10 s 3l
960 r/min Z3HURE S o B A 32 50 1 F8) A B [ 9 3 R £ A
160 r/min, ¥ 50 CF4f 1 min 5, Lk 6 °C/min I E
95 C £+ 5 min, F- LA 6 C/min ¥ #H £ 50 C, {#F
2 min, iC35% W& {8 %5 B (peak viscosity, PV) ., & {H 25 B
(trough viscosity, TV) | fif fift 8 . 5 2 %5 & (final viscosity,
FV) . [al 4= {f W fL IR & (pasting temperature, PT) F1 1§ {f
A

1.2.8  X-SEATHHMC A ARHE SCERL7 M Ban T < 43 i
Bl FE & 50 CPA F KM 9% . Gt 0 i,
F40 KV, B 200 mA, Cu-Ka FF I 0.154 nm, 24
AR AT LA A0, R RO I 17, B R WO I 17, 3532
B 0.2 mm, 45 Bl 3 47/ min, A X4 R R (D
tE.
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m
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45 fb W THT R 5

ms B,
1.2.9 34 RAHE Bk AR 20 AR ik o Bt AR SC
BRCTOME BN T 43 HE 4 em ' HAIREL 64 R &N
o, 800~1200 cm™ 'XILH LB, A FE26 cm ',
SR F 2.4, 35 1 047/1 022 em WO R L
1.3 St

%I SPSS 19.0 844X Bdl # 47 4o i+ 40 7 G it 2 b
P<C0.05 N i # ,P<C0.01 Jy#k i % ; Origin 8.5 b4 K,
2 8RS0
21 ZEREE

5 Fh L HETERS B9 DPw. DPn I D 45 R WL3% 1, Kt Hl
A3k 189 506 ~431 481,120 370~ 344 444 fl 1.144~
1.574,5 f S 45 5 B ) DPw.DPn M1 D /7 B % 2 7
(P<C0.05), M1 FHEHER I DPw #l DPn A%, i BD 37
HEJEAS 9 DPw Ml DPn f5e 59 . 9% 3 % A% fE 9 AT
B R AE Y VE B B DPw 45 3L L, i T R OK BE 1Y
DPw (442 154~ 928 000) % & » i /N % 32 55 VE ¥y i DPw
(4 101~6 463) AKX, [AIiF, 5 DPn [\ BF 7845 SAH L
U TR K K BE Y (A7 483)T Ik & K BE TE A (5 726 ~
8 000) M fi) DPn 441K, 772k 1A 22 5 1 JRU BN ] R RS [
BRI o SR VR R A BR B R R 4L T, D ROR A TFR
ANZE S T ML SCHEBE B 19 D g s, M5 SCEE JE B R
B D Ak, X EP] M1 45 K/ 28 R aw K M5 48 F K/

Z .

m,

R1 SHIFSSHRBMZEESE'

Degree of amylopectin polymerization of five

JFSS samples (n=3)

Table 1

FE DPw DPn D

M1 189 5064 572¢ 120 370+£240¢  1.57440.02°
M5 322 840+4769 282 09942734 1.14440.02¢
M6 378 3954429 303 7044401¢ 1.246+0.01"
M11 408 024+632> 330 8644+357"  1.2334-0.03%
BD 431 4814381+ 344 44444392 1.253+0.04"

T RFIAS F SRR 22 57 8 3 (P<<0.05)

2.2 HEIETEMH

JI5E A WA A O i B R R K R R T A3 S Y — i B
G 0) DU T IFAR V8 B 19 R ml R g HEH Y. 5 Bl JFSS B
N e = = W | G A o I o |
62.47%~72.87% (M1"), 61.53% ~ 71.51% (M5,
58.71% ~69.69% (M6'), 57.23% ~ 68.61% (M11"),
56.36%~66.79% (BD") . LA M1 Kt & Jg il . ¥ Bl 76 R M
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Table 2 Syneresis during five freeze-thaw cycles (n=3)
FE i 1 2 3 4 5
M1’ 62.4740.34% 65.3640.37* 68.5440.49* 70.46+0.65° 72.8740.52%
M5’ 61.53+0.29° 64.2840.56* 67.7340.32* 68.3840.67" 71.5140.48%
M6’ 58.7140.42° 62.7740.46° 65.2940.29° 66.73+0.42¢ 69.6940.61°
Mi11' 57.2340.33b¢ 60.1640.27¢ 63.3740.28¢ 65.54+0.61¢ 68.614+0.66"
BD' 56.36+0.27¢ 59.8340.31°¢ 61.284+0.264 62.6440.594 66.79+0.50°¢

T FBUAR [ 5 6 R 22 57 8 3 (P<<0.05) ,

551 WRBIEE 5 W KU 4 N62.47 Yol #] 72.87% . R
¥ Katekhong %7 2 8 . & 4 % 1B 04 1B K e 48 B o F
TG 2 0 B, 55 A 5 45 S [ & 2 W B3 7K e 45 B A R
AV A Y0 51 o i 4

5 W VR G 25 TESS B 5 1 B 7K e 45 5 [ 4 B
56.36% ~62.47% (1 ¥ ), 59.83% ~ 65.36% (2 ¥,
61.28% ~68.54% (3 ), 62.64% ~ 70.46% (4 W),
66.79% ~72.87% (5 ). 5 P A X 4E R AR JFSS
R il 1 JI 7K W 4 A 3 25 S (P<0.05) . LA 1 IRTEFR
1], M1 Fi8 K i 5 B 185 (62.47 %) . BD' /Yy B 7K ke 45 B 1%
(56.36 %), HoAth 4 R AG 2R o th & BUAH R B . M4 b
BT L AR L BE A SR IR A B R AR B K W 4 B
o N TSI b AT S8 SR 5 BE X JFSS AR R R Y
Wi, A BF 5% 58 3 DSC, RVA, XRD F1 FTIF i — 4 4 #7
JFSS iy AL 45k .

5 JESS A S pg AR E DL 3 A 1,3 To Ty,
Te F AHg BT B 48 51y 48.19~52.39,60.39 ~64.54,
75.32~78.47 °C Fl 13.84~15.59 J/g. 5 Ff A [7] 3¢ 4 2
R JESS #F 5 A R A TE B 3 25 v (P<T0.05),
Zhang ZE0PVRGHE L KK JFSS 1 To Tp . Te Fl AHg 435
S 70.49~84.91,76.01~87.83,88.31~96.58 “C Fl 8.66~
16.78 J/g, 5 FREFRXTIL . AWFFEH 5 Fi JESS £ 4 1
To Tp Fl Tc AL .0 AHg 5KR4R JFSS AH ML, A B2 H
T EBE AR W 0 R W) R R B, B2 R
KEUSFUNEZ I ER Y To Tp . Te Fl AHg 435 H55.6~

K3 TRXHEREE

64.4 °C .63.0~74.0 °C.,70.9~79.6 °C.9.0~13.0 J/g H
55.2~54.1 C.59.7~61.0 C,74.7~82.7 °C,16.3 ~
20.9 J/g,JFSS 1y To . Tp 1 Tc 5K KM /N2 JE F AH AL,
B AHg & T IOKRIER AR T/NE M . Bk 2% 57l fE 2
AN TR) f ol B 358 L o oF VN S o AL T S

5Fh JFSS #E& Y To Tp Al Te WA 5 R G FE1
WG N, AHg B A B A R K R AR . ML E
To . Tp Fl Te feA& M0 AHg 5 . T BD'1 To . Tp Fl Te
B H AHg A&, 1F @ Zhang 251 4158 , AR A8 R
BER JFSS BoR#im AHg  JAE T JFSS B B 2 34k i
it AR R TG T RO 45 R R 58 AR E . I ik, ML
T B RO 52 2 L B MR 3857 L Tt BD' B /R AR R 45
Zhang %1 % W] AHg 3 e i F e BB AL T £ 01
R 2T 2Rk A ARt H R k. ABEE AHg 9%
RFEW], 15 BD'RE S HG L T 210 2 AR B IR ML o
T V)l S S A A o R M VR S IR (RO T LA R A
b3 i RO 50 T A BT R B S T MR
B R 5 (27.13 °C),BD' B S (9 R £ 4% (26.08 C),
U ML 1 XM 25 K i 22 (E S B A AN 24, i
BD'#: il S BUA 45 5.
2.4 MLHEH

mk 4 ME 2 i, 5 Fp JESS B 5 0 H B E
(PV) BE R (TV) LB (B I & R (FV) L [l 2 {8 11
WAL (PTJEE 4r 318 2 717 ~4 755,1 971~3 548,
746~1 207,3 158~5 751,1 187 ~2 203 cP il 77.55 ~
81.60 °C . 5Fh A [l 3 55 2 A BE (19 JESSHE & 19 81 4L 6 1

JESS BRI R IER'

Table 3 Thermal properties of five JESS samples with different degree of amylopectin polymerization (7 =3)
B To/C Tp/C Te/C AHg/(J+g D R/C
M1’ 48.1940.304 60.3940.144 75.3240.164 15.594+0.17% 27.1340.15°
M5’ 49.2340.21°¢ 62.2540.18¢ 75.9440.184 15.1740.14" 26.7140.16°
M6’ 49.864-0.26"¢ 63.1740.22° 76.25+0.22¢ 14.58+0.18 26.3940.18°
Mi11' 50.8440.16° 63.88+0.26° 77.1040.26° 14.294+0.28¢ 26.2640.12b¢
BD' 52.3940.172 64.5440.172 78.47+£0.17¢% 13.84+0.244 26.08+£0.16°¢

T TR SRR TR R R 22 57 B 3 (P<C0.05) .
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i
Heat flow endo down/mW

40 50 60 70 80 90
R
Temperature/ °C
B1 TR L4R46E JFSS# &6 DSC # it B8
Figure 1 DSC thermographs of five JFSS samples with

different degree of amylopectin polymerization

IR 2 5 (P<<0.05), K4k JFSS iy PV. TV, i fig
B FV. A A PT 4334 2 539~3 233,2 252~2 365,
174~ 981, 3 001 ~4 230, 749 ~ 1 865 cP I 80.15 ~
91.29 CHM, AHFFT 5 F JFSS FEFL A9 PVUTV . {8
FV. B AE & F KK JFESSH PT K+ K4k JFSS, X b &
A T A RS B UE R I LG S R BT B, BT AR GE D
2P AN AR ek i PV TV U RAE JFV L[] 2R
M PT 48510k 2 380.5 cP.1 567.3 cP,813.3 cP.3 354.5 cP,

B 2098 | 2019 £ 3 A | ARSI

1787.5 ¢cP.70.2 ‘C il 1 535~2 079 cP.583~ 769 cP,
922~1 351 cP.1 168 ~1 443 cP.585~ 787 ¢P.65.5~
71.2 °C, AWFFEE A T /N2 S TR OK BE R JR A AT
RE AN B B RLAR I K 0 LB A S B T A AL AR D % S
FEM M) s, BDBE i B9 W (I 1] (7.81 min)
BEAR T oAb 4 B S

M1'BE 5 PVUTV B R AE  FV ORI A ] d5 s PT
Fe ik, BD ¥ 5 B9 PVUTV i # (S  FV ORI ] 2 {8 55 4% B
PT Bt . B 5 DSC Rl i 4% 75 5 i 44— 51,
PV % 2 WA 3 0 J00KE A0 B8 B 28T, 1A ik BDFE b bl Atk
BES AR B AL, TV S5 R20K ) 3% A i8] BD'
FE B R A AR F AR . 0 R R R R R 32
AN YY1 ) 0 RE T RRAR T FV 1 2 W AR 4 1 50 R 1Y
R M. Ak, BD R S 16 5 i R HL AR B B T R e
bR it TR A R E M (EL BD B AR 0 5 B R
T H bR o TR A {8 5 30 b 2 4k B 3% T B A
BD' 4% ity b At AR 5 ) 25 A0 10 4G . BD'RE S A B0 1k 3 BE
P IARE L (GGR O, R LR RS R LI, 5 Fl JESS
eI S BE R A BE M, PV TV i i (H.FV AR A4 R
/NPT SN, 33 58 W 5 S 4 SR A BE B O S A 14 A
T RVAS5R 5 DSC 3R45 1 45 8- —3.

F4 AEAZHBAE IFSSHERBMLESM

Table 4 Pasting properties of five JFSS samples with different degree of amylopectin polymerization (n=3)

FE il WEHFERE /P REFRE/cP fi7 fif# {8/ cP R/ P [l A/ cP WIALIREE/C W {E I ]/ min
M1’ 4 7554+13.24* 3 548410.25* 1 207+9.25% 5 751411.43* 2 2034+11.34*  77.5540.534 8.0040.09¢
M5’ 3994412.15> 3 034+9.74° 960+10.66> 5 232412.75%> 2 198+£13.56*  78.40-+£0.28¢ 8.1340.16°
M6’ 3 663413.67> 2 783+13.83¢ 880+11.83¢ 4 808+9.26> 2 025+12.77"  79.00+0.43¢ 8.2040.27%
Mi11’ 3 406410.569 2 6234+12.56¢ 783+9.564 3 82148.93¢ 1198+10.10¢  80.05+0.18" 8.0340.35°¢
BD' 2 71749.73¢ 1971410.494 746+10.35¢ 3 158+9.544 1187+£10.67¢ 81.60+0.29* 7.81+£0.13¢

T B TR) FRE R R 2 5 i 3 (P<<0.05)

6 000 100
5000
24000 30 §
~ -

i 2 2
_L%L% § 3000 g e
=z e
= 2000 60 T

H
1000
0 40
0 200 400 600 800 1000 1200 1400
Fif (]
Time/s

B2 FEF 4R AE JFSS # & ey & B
Figure 2 Pasting profiles of five JESS samples with different
degree of amylopectin polymerization (n=3)
2.5 HRE
5% JFSS M i B 45 dh 45 f WL & 5 & 3. Chen

3

SRR R L2 0 MR 157 23° kb R SR AT I 4 L OF
TE 177 18 BT W 7 WU I, AU R B R Y A B S5 SR 450 .
B, 5 Fh JESS B 5 35 g A B0 55 5 45 4, A8 X 45 5 B oy
27.94%~33.220 , 5 MR R 345 5 A BE 1) JFSS 1 AH %3
4h G BE AT AE D 225 B (P<C0.05) . K AR JFSS 14 4 X 25 &y
JE N 24.48% ~36.89% LBl A BIEE R g5 A TS 5
il JESS FE b 18 RH X0 25 i BE AR TR 4K JESS, (H 45 iy 25 14 A
6], Zhang %0 2 8, OOk € By AR XS 5 8 By 31,6304,
LA BIEE AR X S ARBEGE 5 Fh JESS B G i AR X 25
A RE A R0, 55 TR S R A R . i SR T i S R K
S0 VE KD 45 M A5 AL AR A BF 58 R B BE G S BEVE M R B
REEATR o HE KT 85 s BE S . VLD R SR 45 1% J . BD B
st R T 2 B R I 3X R R SORE IR A B AL T B AR
X5 R . XRD 455 5 DSC 1 RVA #4518 — 2.
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Table 5  Relative crystallinity and absorbance ratiosof
five JFSS samples with different degree of
amylopectin polymerization (n=3)

B i AR 2 B E /0%

W SGRE LG (1 047/1 022 em™ 1)

M1’ 33.22+0.22¢ 1.5640.02%
M5’ 31.7840.17" 1.53+0.03"
M6’ 30.3740.26% 1.5140.02¢
Mi11' 29.11+0.23¢ 1.4940.034
BD' 27.94740.184 1.4540.02¢
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Figure 4 FTIR spectra of five JFSS samples with
different degree of amylopectin polymeriza-

tion
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it 6 BE EU A 8 T ROKTE R . AR Wilson 457 436
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Figure 3 XRD patterns of the five JFSS samples with  YGFEF WWH B F A 2 (P<<0.05), iR 0], LR
different degree of amylopectin polymerization & 5 JFSS H 1k Kk k12 76 5B 3 40 6 1 .
F6 TENHERAER S FJFSS # RAMEBU 452 B K Pearson X RH
Table 6 Pearson correlation coefficients between the five JESS samples with different degree of polymerization
and their physicochemical properties
24 DPw [Bikilesi  To Tp Te AHg 19% JiA % FV [m] A= PT 45 Wb
DPw 1.00
fiAdes  —o.88*  1.00
To 0.90* —0.98** 1.00
Tp 0.99"* —0.94" 0.95* 1.00
Tc 0.84  —0.97** 0.99** 0.90* 1.00
AHg —0.94" 0.99* * —0.98* * —0.98" * —0.95* 1.00
PV —0.95" 0.96* —0.98** —0.98" * —0.96** 0.99** 1.00
A firt —0.99** 090" —0.91* —0.99** —0.87 0.98**  0.96* 1.00
FV —0.88" 0.99** —0.99* * —0.94* —0.98** 0.96* 0.96 0.91* 1.00
] 4= —0.76 0.93* —0.90* —0.83 —0.90* 0.84 0.83 0.81 0.95*% 1.00
PT 0.87  —0.98** 0.99** 0.93* 0.99** —0.96* * —0.97* * —0.90* —0.99** —0.91"* 1.00
25 —0.95~ 0.99%* —0.98* * —0.98* * —0.96*  0.99** 0.98 0.96** 0.98 0.91* —0.98** 1.00

WG e —0.92 0.98* * —0.99* * —0.96* * —0.99* *  0.98* *

0.99** 0.93* 0.98** 0.88* —0.99** 0.99*~ 1.00
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