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TEE . [ BB A B eI HHE 5 %R B 205 (JPP) K 3 AN ER PR 5% (0.2 mol - L™ NaCl) T HILEET 42 1 (MP) Ay 5BE 457
[ FETLAHEEE 5% (0.6.0.4 A1 0.2 mol-L™" NaCl) MP 1 4%} & #F 5% JPP ¥ n+E (0.05%.0.10% .0.15% .0.20% .
0.25% .0.30% ) SHKERWURLF4EE 1 (0.2 mol - L™ MP ) BEBCRF: 5 0, 0 2 8 b AL 5 BE IR B K A3 0 A PR/K BB ) AR
et OREEA TN ZRE5H . [ 455K ]17E 0.2 mol- L™ NaCl 554 F , BRI ER 25 50 B 25 B S BRI MP 358 A ) DK 8 0 R e
SRE TSI JPP BT LAR R MP SR IR K RE 7 FIBEICRR B . 7RI 0.25%JPP )i IR ERBEIRC TR E M 28.54 ¢ 34 Tn%] 65.59 ¢,
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Effect of jackfruit peel polysaccharide on gel properties of
low-salt pork myofibrillar protein

WANG Rui',ZHOU Lei’,ZHANG Wangang®"

(1.College of Michigan,Nanjing Agricultural University , Nanjing 211800, China;2.College of Food Science and Technology,
Nanjing Agricultural University, Nanjing 211800, China)

Abstract : [ Objectives ] This paper was designed to apply jackfruit peel polysaccharides (JPP) to enhance the gel properties of
myofibrillar proteins( MP) under a low-salt environment(0.2 mol-L™" NaCl). [ Methods] The changes in gel strength, water holding
capacity ,water distribution, rheological properties, microstructure and secondary structure of low-salt MP gel under different JPP
additions (0.05% ,0.10%, 0.15%,0.20% , 0.25% ,0.30% ) were compared with MP gel under 0.6,0.4 and 0.2 mol - L™ NaCl.
[ Results ] The reducing salt ionic strength significantly decreased the water holding capacity( WHC ) and strength of MP gel ,while the
JPP addition could improve the water holding capacity and gel strength of MP gel under 0.2 mol-L™" NaCl. The 0.25% JPP addition
increased the low-salt gel strength from 28.54 g to 65.59 g, water holding capacity from 31.75% to 45.12%, and showed no
significant difference compared with 0.4 mol-L™" MP gel. Microscopic results indicated that JPP could fill the gaps in the gel , making
the pore size of the low-salt gel uniform and dense. Compared with the control group without JPP (0.2 mol-L™" NaCl) , the addition of
0.25% JPP significantly promoted the transformation of a-helix to B-sheet structure. [ Conclusions] The addition of JPP could
improve the gel properties of low-salt MP,with the optimal effect achieved at an addition level of 0.25% JPP.
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T B RO AR, A R DR (AR RS Y AR R A ) R AT
LM, BT, A B LA PUEAL BT RAE ' A, i 8 2 L 28 (jackfiuit peel polysaccharide,
JPP ) A L3 s AR a0 o i T TR 110 7 A SFe w4 3 i T8 B 05, 14k i s it e ) A Tl o, JPP S A A
KRR AN LA, BENS Y TR B S B I R UG AN, ZEDET AN JPP J& , 7K 43 i T M A B i 2 4
THE L TRIEE DA 8 v SR SR B AR R A R M, AT TR R A AL

WUSEF 426 (H (MP) 5 AILAEE Y 50% , 76 PR 28 5 RN e A6 Hh e 25 SRR T, s T2 F= LAk R 26
il it (AN FI A AL ) ZBOCH S, FEAREREREE b LKA 1 A Eh 1k 3 5 ) L e e A e At . L
BREE PSRRI R AR S AR S A FH T A5 1, TR AN VA i 0 11 A 250, S BORE SR MR . BRI, AT
KHVFZ T o3G5 MP AEMRER S5 0F T M BRI Rt | DA css SRR R PR il it i3 s 2R . il an, 3% 2 1
BT IR EE R I AL B3 32 A IS IR S5 AR RE A &Lk MP BRI R, Horh 2R B s
PRI 2 (0 DR ) D00 A5 T 48 325G T

AT 0.6.0.4 1 0.2 mol- L7 5 3 Fhiss TSRz , L2201 54 b R I €k B4R B0 1.5% L 1.09%
0.5% , BRI [FIER B F 5 BEXT MP BERCRFIE A5 ), I i — 20 B 98 A 3 88 B i 3R B B X IR Eh 45 1
MP BEBARE R SCERCR , A IS AT A F] JPP 350 TARER B R R A2 4, 5 78 W AIER P9 i i 9 TT
Lot B 2%

1 #HEFE

1.1 #E5RH

BT S5 U i et T V1) 25t 8 AT A IR ) 0 8 3 ) i ot i R el /K SRR T 5 44 1l v 2 1 0
Vg SO AR A AT IR ] ToK S 1 o T S A R A RS | S4B (NaCl) (R
(HCI) A (NaOH) 75K AL EE (MgCL, - 6H,0) | T /K B B 4 ( CuSO, « SH,0) U 7K 41 12 B 41k
(KNaC,H,0-4H,0) . KR — 84 (NaH,PO, - 2H,0) I+ ZKBEMR 2 — 4% (Na,HPO, - 12H,0) ¥ty §
RO AR AL 2E R BRA R 36 i A A Ak 223580 24k A4l
1.2 UFE5iEF

Grindomix GM 200 £ AHLIY [ 7 [ Retsch 23 7] ; 500-TP s A3 AL F P& Prima 23 7] ; TW20 KR
#ela A 18 JULABO AR ; TA-XT plus B (I A ZE [ Stab Micro System 23 H] ; Physica MCR 302 i 22 4%
W B HBF] Anton Paar 23 F] s M2e Z D REREHR {4 A 72 [E MD /A A ; Niumag PQOOT 2% M4k 5L A% 70 B X
W 215 W PR A PR A B 5 Avanti J-E 5383 % 2O AHLIA B 32 [ Beckman Coulter 23 F] ; Allegra 64R
DAL H 55 E Beckman 23 F]
1.3 RWAHZE
1.3.1 JPPIREL &% Wang 551" W7k, R B A9 HOK L B0 SR BUR fe 2208, K i 3 28 01 i B e
HET (65 °C 24 h)  BFEE 5 SRAFRY R, A TG/K L EEBR 2 AR R a2 A TP T, 1 g bR
40 mL 27K 4,90 CKIE 2.5 b, JEATHLELUE 5 10 U8 1 — A0 38 ok B2 g L PR R A R 2% 5, Tl g
VRO T E G 2% R e 4 R AR R 173, G FH Sevage 35 (S0 JIE T BE JEAARUL Ry 4:1:5) Br LB A, &
23R, IE S BRI 4 FHABIRIOK LB 4 CHE I, 2 0UZ B8 A i U 5 AR AT HE BT
BES BURT 48 h J5 155 T4 JPP,
1.3.2 BEERSHME RAFRIATE RO G35 (HPLC) 34T IPP B Bls LAY, KRS B AR A
5 mg FZHERESMA 1 mL 2 mol - L™ =F LR (TFA) W, 78 121 °C Fm#A 2 h, il H EEE Ve A 4l
IR K RE S R B R I A i i, X 1 2R3 -3 - -5 —nipms ki ( PMP ) 1744k, B 564 0.2 mL
BORERT VA VR B B K RS A SRR PMP I BEEASRTE 70 C /KA TR UM 1 h, KI5 HEATEh R
2B, B E K EAZE 1 mL, #FH Thermo U 3000 W AH {43 R 45 Fl ZORBAX EclipseXDB-C18 %,
TEAE 75 O NE IR 1R 2% vh I A T sh A (RFREE R 82 :18) Tl AT (343 25, s 0.8 mL-min~" | A3 N
30 C, KK Hy 250 nm, #EEERH 10 WL,
133 AREFEZEHREE EHRRS S TS Wk, JHE M58k, 8BS0 ¢ RN, AL AL
PERRSE A 4 A5RFRZE I 1(F 0.1 mol -L™" NaCl,2 mmol - L™" MgCl, -6H,0.1 mmol-L™" EGTA 20 mmol - L™
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NaH,PO,-2H,0.2 mmol-L™" Na,HPO, - 12H,0,pH7) 10 000 r-min"'2J3¢ 10 s, KHRGYALE 2 000 g F .0
20 min, JREYLIE, FEE LRI 3 Wa BOITIE M 4 5 R FLZE Wik 2/(0.1 mol - L™ NaCl, pH6) 10 000
remin” PKIBEAIHK 10 s, F&eat 1220 815 2 IEMAE 2 000 ¢ B B0 20 min, SRECUIE, EE Lk
AR 3 W AR UTE RN MP . MP (1928 11 5 B2 40 SUAR IR LA A IV 18R R R iR e 75
1.3.4 BEMFEME BRTIES% Zhao %Ik, FIAFERE F3R 8 (0.2,0.4,0.6 mol - L™ NaCl)
(A2 RO SR A LD 2T 4 3 (R B 31 40 mg - mL™', SRS 76 0.2 mol - L™' NaCl B2 ¥ 8 H 4300 i A
0.05% .0.10% .0.15% .0.20% .0.25%#1 0.30%JPP (JPP ¥R +E MP [ i 15 . JPP Jo 2 s i,
IG5 MP IRG . BRI E R 20 CIn#E] 65 C, IF7E 65 CARA%F 20 min, 7F 4 CRET it
WA MP BEIKE
1.3.5 BESRENE A MP SRR N B G T e , M HT, B RE b o U1 A2
EERA 15 em P BIFEAR, B8R0 B MR EE FH AL 55 /0.5 s, AR O R4 Ao, a4 B B8
4.0 mm, & F1R 5 g, AT A 2.0 mm-s™ KN 1.0 mm-s™ R E#EEHR 2.0 mm-s™
1.3.6 RKBEHNME Z% Han 7 B8 P RRE S B LA H L4 °C 10 000 g B0 10 min,
WK ARRR 25 FIEW, 10 R IFTHE B0 E B0 % RIS 9K BE
1.3.7 KOHHUNE  BERMCIAEREK S5 5E S % Shao %5 (Y ik IF1E Mok, H5BEE ( EAE
1.5 em, (5 1.5 em) £ 5 B HUZ ORGS0 8 #F 5 19 e - FLBE SR B] (7,) . SEOE . P =23 s,
P,=44 ps,SW=100 kHz, T, =3 000, NECH=10 000, >R LG HAF A IR st 74t 18], A= 1 T,
B
1.3.8 ZHBERTME FANES % kRS2 052, i A MCR 302 328 {06 S A7 22
FRES MBI S N PP 50 #6131 mm BY[RIE, (50 FH B AR G 55 22 b St T 060 FH Ak i 3, B 17K
YRR BEREINE 25 4 25 C AT ik MP BRSSP S min, SR J5 B A HOMAAE] 85 °C, 2 m iy it
R X1 Ha 08 [T 19 00 R AR FEAT 3 AR A AR, B TR B 1 1T, ml A s A AR 1) i A7
Bif (G") L RFERiE (G") IZZ s M
139 WMEHNE S% Guo 1 Tk Kl 15 AL Zd AU IR T RImE 4 )5, 7R LR 0.5~30 kV
UK 2 000 fEWEEAE S MOW A
1.3.10 BARZREHWNE S% Zhang 57 B E, M HHLS 6T5 0 B A —eahh, Bt ke
A ACE B TR 50 5B R U T B A e i b ISR R S BN DU 532 nm
TR B T-HOCRAE IR TR, % B S ECEIEE I 400~2 000 em ™, F SHBEEIRE 50 000 cnts , KA} [E]
5s, WAMEMER 3R, BAMNSBCFEH TS 20, 755 203K Labspec 5.0 3, ffi H
PeakFit 4.12 8 09 Z B S 808 9454 (o-1205E  TCHE I BT BS540 ) IUARNT & &,
1.4 BESZITE S

RIS 3 W, B0 DL x+SE FoR, (i SPSS 24.0 4% Hh A B K Ty 2243 7 S if 5 4L 1) 1) 25 57 i 3%
P, 8 Origin A2

2 HBREHS

21 HEEREZWEIPP)BRMEEB S

IR ER 8 B 2RI P SRR RN 5.2% ~5.8% , T T R Z2WH O BAOE 2H N 2 45
FU AR He AR, R 39.104% , 3% W 280 W 2t A oty 8 9 O By 22 W ) = B e LU b UM I
Hi LR 26.605% , 31X — L1 5 ¢ W 3 4 R e Z2 W b P LRI IR 1) = R B 4, X AT g 5 L I 2 B 4
16 PURAEYIEVER VI C, Ah 2 FU0E BT hi A H &Y o e AR &, 4390 19.535% .7.172%
F14.648% , TR FTAT ARSI HH P8 BRORRE v | B0 R o8 28 WIS T 1) 7 1 8K, 40 3110 0.896% il 2.041%
2.2 JPP 3T R7KBE S (WHC) FigE B 38 B R =20

L 1 ] UL, R 25 B 0 AR 2 Bl & AR MP e i) DR K PR RN BRI S B | T JPP (S I RE RS 7E —
FEEE L4 0.2 mol - L' NaCl VRFE T MP BEHS () PR AK MR FIBERC TR B, (RER Z5F MP 5 B4 1 B 1R AT g
ST MP SRR MR B2 251 T UE LIPS B R A 68 S I 28 250, AT BRI E IS S B 5 MG [ I, 9650 2 1) i
JE S K6 238145 7K - LA SR B o0, AT BOHROK PR TR
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Fig.1 Effect of jackfruit peel polysaccharide( JPP)on the strength and water holding capacity( WHC) of low-salt gels
G1—G3 41419 0.6.,0.4.,0.2 mol - L.™" NaCl HIVERYEERL ;71—T6 43114 0.2 mol - 1.™" NaCl HIVE A% -H RN 0.05% .0.10% ,0.15%.0.20% .
0.25% .0.30%11 JPP, F[E, G1-G3 are gels made of 0.6,0.4,0.2 mol - L™' NaCl, respectively; J1-J6 are gels made of 0.2 mol-L™" NaCl with
0.05%,0.10% ,0.15% ,0.20% ,0.25% ,0.30% JPP ,respectively. The same as follows.
RNRVNE FREFOR & I 25 5 5.3 (P<0.05) , F[Al, Different lowercase letters indicate significant differences among groups ( P<0.05). The

same as follows.
2.3 JPP XHEERE K S FR B RS NE

H P 2 ] L AR Y 3 A4S WA 3 31 6 7 T B A
[FARZEAY K 10~ 10 ms (T,,) BIEEG 7K 10~ 1 000 ms
(T,) IR RSB 7K L K2 1 000~ 10 000 ms( T, ) BT
Bk, AR L AT UL, BB R R 0 B O ARG, IR B
JBEHR K B A H B 2 2 e, U HRAE AN T A% K Al 60 ¢
WrEs/K 7, 5 0.6 mol- L™ NaCl(G1) ZAH,0.2
mol L™ NaCl(G3) ZH A T 7% gl 7K i 2o /b | i /K
FHIM(P<0.05) . XAEF R DK PE, W F

i /a.u. Amplitude
[
[=}

SIS T K 0 D 3, WA T3 T KM, B b

5 0.4 mol- L' NaCl(G2) AL, %A 0.25% JPP 1) o : 10T7/m5100 1000 10000
BRIBLRAERN T 55K, 5 GLALRIL, B 0.30% B2 PP EAURLTEE (MP) SR
JPP HYBE R W 3N TR K, EARE RN, Y T, R E 7

IPP R 0.25% ’ 5 G3 4l ’ ECIER/STE 2 ’ Fig.2 T, relaxation time distribution of myofibrillar
UiFES K &I, G BEUS I JPP T K e AL T 45 protein( MP) gels after addition of JPP

BIKFIAF R BK , XUl JPP HA K,
R1 REBLBERY LF- 12 IRIE TR L5
Table 1 Proportion of LF-NMR peak areas of low-salt gels

FE & Sample Py, Py, Py, FE & Sample Py, P, Py,
Gl 1.36+0.07" 90.66+1.68" 7.97+1.68° J3 1.51+0.06™ 84.02+0.72°° 14.46+0.68
G2 1.43+0.07" 86.75+3.16" 11.81£3.10™ J4 1.57+0.06™ 85.12+0.73%* 13.31+0.70°
G3 1.3420.07" 78.36+2.41° 20.29+2.46" J5 1.69+0.01° 85.26+1.90%° 13.05+1.90"
il 1.27+0.02¢ 82.67+1.68" 16.06+1.68" J6 1.41£0.05" 82.95+0.91% 15.64+0.94%
2 1.24+0.05¢ 83.55+0.99" 15.21£0.98%

Py A5 A KA TR AL G 5] Peak area proportion of bound water; Py, : /N AT % 51 7K [ 14 T A% L 5] Peak area proportion of immobile water;
Py, UiF B K AT AL LB Peak area proportion of free water.

2.4 JPPIEEIRTHIEMNR I

WE 3-A Fi B B TR, AR JPP ¥R 1) MP BERS I GEF R (6) BRI E s, &8
I ARG T i LT 2 B A AR ) e R T s A AR ok AT, 28 T ARl T IR A A AR L Xt
F G1 M G2 4, BRI 25 CTHE 52 C, 6" BT, E 52 CAATBFNE(E, XA IE(ETR 0T BEJ2 H



906 BMoa oKk L K % % HK %49 %

TFUEREE (3L A ARV RTS8 5 76 5 (140 30T B 0 B 3 o 5 6T B S SR AR ™) AR L, FE IR 25 1
(0.2 mol-L™" NaCl FIMIA JPP 4) , ' e ) N 1 47 CHEARHAL, X AR P ALERE A T8
. 4T CHZE 60 C,C' BT, 7E 60 CIRBNE(E . H)5, A NIERE H AR, 6N R, 7E 60~
65 C IR I I, X AR BB VIR S S5 A IR . BE A TR T+ = 22 85 °C T A 4l 6/ 2 RIBs i, 3= W
MP 5¢ AR PETF R — 7 Sk I BEI M 4% . 5 G3 AL, JPP B VRN . 2 34 i T (K EE MP BEC 1Y
G'. M PP ININE N 0.15%0 6’ BEMIL T C3 AR LK (HEA R E] G2 417K T, %W 0.15% 1)
JPP WSS T MP Ry,

WE 3-B iR, M 25 CH 85 C, B MFEARBURSR (67) RS ¢ SR, Emm )5
BrB:,0.15% JPP WME R ¢ KR T G3 4, RNURLT 4 &E (SR ZiERn, 5 63 diM L,
0.15% JPP BINHEL[) G’ F1 G S E WG INF B JPP v] IAEARER R G h #2712 Fipbisd

10000 A 10000 B

1000
1000 ¢

< <

S S o0 N ,««““
e . °
.. .... <<

100 —— & -
10
10 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 90
% /°C Temperature i3/ °C Temperature

nGl; ©G2; AG3; vlJl; ¢J2; «J3; »J4; e]5; *J6
B3 JPP X MP SETFEE G'(A) FIRFERE G'(B) UMM
Fig. 3 Effect of JPP on the storage modulus G’ ( A)and loss modulus G"( B) of MP gel
2.5 JPP Xt BRIV G H) R0
MIE 4 0T LU 0755 U 21 24 B 8 I 19 SO 45 4 S22 B HE S R 1) 22 AL, = 4 I 2% BE I 454, B
LR T IR AR (0.6~0.2 mol - L"), G5B WAL 1S TE T ARERBEC A5 A A , FLAR 0 A AN, R
FET A5 BE BER A RERE JPP HYBE AN (0.05% ~0.25% ) AL FHEUE . JPP IR 0.25% I BEL LS 1 e h
B S OSSR I R, SR, BRI 0.3% 4 JPP 2R JRUAT RO BRI A5 .
2.6 JPP XiEER — REEHIHIRS I
13 2 AT DL, SNk 2 2R B 208 (PP ) X ER BRI 1Y " SREEHAT W5, BEAE R B TR B Y [
fi£(0.6~0.2 mol- L") , o~ MRHELE M B2 PRI I, B4 B ATC AL ih (0 Vs X W] B2 PR 88 111
BATR, D80/ T A VR AR S R BE SR T 1 SR T ) RS 0 A, AT e 1 A 1 B8 TR A A LA A
AN IPP MR ERBERL , o~ BRBELSFI B LU 22 03 1 i35 9784k, ARSI PP 1Y) 46.91% FEAIR = B3I 0.25%
JPP J5 11y 23.48% 124 JPP HYUR I — 244 2 0.30% I, o~ R5E % 1 L [T 2 30.95% , Wb, p-1&
AR TG R A T 10 5 O S22 R A S P 4
F2 JPPIHMREBR KA M
Table 2 Effect of JPP on the secondary structure of low-salt gels

FE i Sample a—12JE a-helix B-H7& B-sheet B-%%f8 B-turn TeHLE: Hh Random coil
Gl 21.33+0.93¢ 34.37+1.38° 11.43+1.27¢ 32.86+2.16*
G2 35.63+1.04¢ 20.74+3.374 18.22+0.78°¢ 25.40+2.71"
G3 46.91+0.22° 11.54+0.43" 21.98+0.62° 19.57+0.31°
11 44.46+0.72" 15.33+0.07¢ 20.49+0.17% 19.73+0.53¢
12 39.29+0.85¢ 18.01+0.31% 19.88+0.62°* 22.82+0.40™
13 32.83+0.87° 22.55+0.38" 20.83+0.58% 23.79+0.20™
J4 28.01+0.61" 26.54+0.98" 20.81+0.61* 24.64+0.19"
J5 23.48+0.55¢ 31.22+0.57° 19.31£0.33" 25.99+0.27"

J6 30.95+0.68¢ 24.60+1.48" 19.49+0.92" 24.95+1.87"
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Fig. 4 Effect of JPP addition on MP gel scanning electron microscopy

3 iHieSER

AWFFERI], F (0.6 mol- L™ NaCl) 2514 5 B 738 i i it 5 ic JH v 0 2 1 B3 v ) H iy, AR
G5B R SR 03 S TR T R A A R I I 4% TR AR SR R (0.2 mol - L7
NaCl) , L] 57 RSO SSS , £ 0703 1T 19 v fEL 4y 384 00, 5 B30 Pl e D 30 o, 3R e g ml i 2 1 T
Oy Tt BEET I BRI B9 o MR BEAEHE , S BUA AR M T, R AR B LR ) K Sk AT B SR A AT, I
TR T 73 [ K AR AR, fe it 8 A R A IR A 1 . PP i B Fl ] 5 T AL A 2 P o X
SREE S R IR AEAT A S RO BEI A ) [ I 22 R s R 2R 2 B0 1) B R e o/ R
SPiEsRIIP WS & WNITE/E 23 iDL R IS S e

T R K 2l O A DA R S R A R o LRI, A BN (HR GRS ML
PraL FENRSFIIRERFIE A AR AR JPP SO RS Zhe 510 ORI 2257,
ZLUAN TR 5 A KR EEIARTR] , JPP g 22, L i 45 45 7K 3 14 T WL 2F 4k 2 1 BRI HE
KA, I BRI IO I 248 4544 , B v BRI SR L | Tk 40 2R 15 K BEET 4 | 4508 I A5 22 Wil ot 3 P B 1K R
MEETE—B ) AR AT MR 2 0 o SR OS], R B 11 5K A T I 285 6 74, 30 MP BRI 45
B WERIKIE £ R M TR L AN JPP R AT RO AR SRR I 1K Ay AR A Herp 0.25%
JPP AL BRALZE 5 /K 5N RS Bk & 5 Ty, e B K B i WA R A, B K MERE BRI, JPP RTGE
M- B AE AR SY SRR E M, 5 Bi 52 Cao %12 6T 2 MG A 2 M1 BRI
FAGRIHLEIARAT , [, JPP 5 MP 2 [8] A9 U8 55 i K A T ) — 254 THIRER BE I i 25 A ARE 1,
JPP A AT BERCA A 2857 il Hp— oA £ TR NG, Tt O A K 7, JPP Xt MIP SR 45 4 1) B0 A7 1]
RPN, JPP BRIHEEIAE] 0.25% 0, BEIRA5 A e B0, X AT BEZ i1 T JPP 7E 0.25% W T AEAS 78 41
FEF 9 B A R 4 s B, TS K G B9 sRaR  {Hd e 9 TPP T (0.30% ) I fiE SR AILISLET 2
HH ML, i BEEI N FRA Sy i sk AL 45 G oK, rTREJE i T 2 WA A el 1 3 1 5 ) ) e A A
AR, A SR TP IR G R AOK L HE A4 MP BEIMERE MR seahie — 307 AR R LR,
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