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nan I1,RG-I0) # M BB T2 M (KER SR I e
T W5 FEE Hsf TC 2005 T AR, A1 A AR Sy EORRE 77 i 1)
RS2 G o R SR 2 e v TR A A SR Je o i
il A8 (A 7= AR SR PRI e R ARAR T SR T 4™
REAEE G T R EED | B
Ji S FNZE AL BEAE S UL B R ARARTR SR R U5, 45
MR O Z 2z e, WRoT R, R R R e Tl
LA BT V2 A TR DATTTT 5 A 30 A9 235 4, i LT vy

Wk H 3 . 2024 —04 —24
HEWmE ., mERTRAERMFAHH E (CYB21112) ,

DATERL G RY pH (B [l PN B2 it 8 37 R B0 M o)
T MR R SR RF R NBTES
MY, T L4 5 L R T
AT U TR ARATK G SR R A (] S48k oA 249 EL A 5 K g
FHWE 1 o ANTR) R ) SR R ey 45 R 110 25 S 255
M S AR AW & Bt R A 5T AR (R
SR RN REARRE () ARG SR B 0T T4 JRe SR I %) 1o FH 2
AEEEX,

JE -4 H 58 B (konjac glucomannan , KGM ) J&
— e PR 8 S 20 DL FC I 35 O I R R T P 4

Foundation: Chongqing Graduate Research and Innovation Project (CYB21112).
S—VEE . B B L R A BT IR oK AL SRR S
# AR X B, S B M, ERAE IR I TR (B E SRS R



F43% 1

A R - B P E 4 H 5 RO B B A 107

TR KGM A A UL 1) Je B8 55 7 1 R e vz
. Liu 287 R SRR o FLAL A AL B AR R 38
A KGM s 2 SRR ) 2 Pk B | 00 78 0 4 45 1
EENE, FEIRA KM JE A A 358 fiss 24 S #4536 g
JE , FE A B 3 A rh AT B S BE RIS | B 65 B
IR, AHELZ T, W 2 Tk B8 2 4 H 58 B 4 ( deacety-
lated konjac glucomannan, DKGM ) J& — Ff 4 R 1] 356
B , A2 7 T3k A v n] Sk i 28 asd ARk B 1 7=
PALE Ll fEME, DKGM 24584 KCM 2 FH iy &
PR EEIE B X — i FEFEAR T KGM MK PEFI R
PE1R T BERE A A RN g AR M X A DKCM Bh 15
S8R PBE TR I £ A PRARLE B ) Huang 25" @i in A
SEAALESH % T DKGM A g SR I (1 2 4 T it 2.
Vi i A0 S 114 e S P R e o R 5 2 i, LR R
IR I 40% B R 0 25 A M B R i, S 1,
A 3 B 2 R 1 45 1 KCMY/ SR i/ Ca - Mg B A 7K
BN T 1m0 050K s T 1 B TR R LA R I T
HUOT HAT, TR S DKCM (5T 35 2 A
A TR S5 25 W, T B A% 645 DKGM JF4%
VI Z A AH B B F e /0, AR TRI 4544 1)
AERTRR SR 5 XoF 52 45 S5 J2 114 B2 0 1, v A DL 41

AW R I F DKGM VE R BF 5 xF 4, i at
B £ DKM, #— 22 W1 Hfi DKGM 1 Il £ 1t 2 I
PRVTHIAR 5 K G SE NS5 AL 3 M 4 FOR TRk
VR AR TR S e ot SR 5 DKGM A2 45 W5 i 14 W7 28
PE AFEMERIOR 25 A SE s . AR BE T
it AN RIS e KT A2 5 R e AR 11 5 i, Sy AR 4 2R
52 P4 45 A R ) B AP S X M 7= it 2R A T R 4 4
WK , I A RS SR A1 DKGM ZEBE i 7= i P 4 1o
FHZEE LAl

1 HR57E

1.1 #elt5iRH

REZHAT, SN e B U A BR AN Al s B 4E R A
PR VL AR O el X5 A A SR e (CP) (BRALE Ky
11. 18% , V- FLHRERR o1 i 73 50K 85.30% ) (5 4L #
L (SP) (ERILEE N 17. 76% , ¥ FURHEE R i 70 5L
H 87.87% ) , M 5 42 1 I SR e A7 BR 2 ) 5 J0E = 4 T
TR (BUE >95% ) , WAL T HEALAl 7 BE2E ] A
FRA A AN =R R AR R  JE K LSS, i
BB B Ak 2 i A BR 2 | S8 g i T 3R 3 Dy 43
Mrati,

1.2 UE5EH

LGJ 10 BRIV ¥R T AL, A8 R A2 D4R AT BR A
F) s HCJ —4E RURE S8 FEoK AR, P B S o s
ﬁﬁﬁ&ﬁj;TA—XT plus ﬁgﬁﬂ:@ﬁ(,ﬁ Stable Micro
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iz, 3.0 mLKEH, MiAL 98 B 250 pL iR A XF
AW T 5 mL EP 45, I ) 1R & % W m A
250 wL 0. 6 mol/L NaOH,500 L 0. 4 mol/L PMP-H!
M 70 °C 2% 1 hy ¥ 10 min J5, 1A 500 pL
0.3 mol/L HCl " A1, FEANA 1 mL & f5iE#s 1 min,
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A B 250 pL FE S E] S mL EP 8 HR b
WS A RANE . 5 B RVE, ST SO A

R R AH B TS S8 C g (35 HE ( Xtimate Cq,
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6.7) FEFR 050 h 17. 0% 1) 25 TR W, T 3 Ny
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AR 250 nm
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K HBERS 5 15 (035 75X R 04 40 o 44 7
B, BB E OIS RS H LC20AT = &0 A (i
% RID-20 75 22366 I 2 4H A, o8 A R e e
TERE, WA A& A 0.1 mol/L Al R B 1 A8 4l 7K
HFHE R 0. 6 mL/min,, FCil B E R 1. 0 mg/mL
(SR, 2033 0. 45 wm JEIEEIE , HERES> T i
gt
1.3.2 DKGM #54]&

S8 L S BRI RN B S, HERR BR
24 ¢ KGM ,#% 1:30 {57 & H I AR 5300 30%
(1) L BERE WL, 7E 50 °C R 750 %Ak 30 min, Bl 5 A
—ERFAY NaOH ¥ W AE 50 °C F [ 30 min, fF
FVE5E R, Al & BE R W (RS 0 50% |
75% 95% ) HEATIK T JeK 2 BE i B 1K, T4
B VYA R T #4593 DKGM, DKGM 14 JIiE 2 15k FE
55.86% ., ¥ DKGM B il A Bt 5380 1% M,
oo I G R FHZREE T 2 DKGM 9 25, IF R H
BEIRE B (A 1S DKGM 194> T 153
i) DKGM 5 "h49 070 mPa-s, 7r T-Ji & M 6.32 x
10° Da,
1.3.3 A4ukeH &

B (0.3 g) 55 DKGM (0.7 ¢) IR GBS )G,
FA 20 mL K 58 0 f i, JF T 50 C /K th i ik

30 min,80 °C FAN#A 1 h, ¥ 2 IR B A R R R
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PERE BRI SR ) Y RWBE L AE 25 °C R OFA
2 min, 7E1 ~ 100 s =" AL B U] 51 Bl il o B
FESIYIHARZRIROCER . PR ARl
1 ~100 rad/s B I EERERL L (G7) FIARFERL & (G”)
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1.3.9 BAHAE T Hagm T

SR FH 22 3 i BRASCHEA T R e RS 1
o B3 mg FECAI IR, LLAs PR S X R
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BRFAE, BRASTR] R rh BB R 2 B AT I e AR Ak
TERT 5 He B4 AR AR ], FP b OB RS B2 BT o HE431)
i (88.86% ), 5 HiAn 3 ol S Jie 0 AN ) R e
=R FP (1) HG 2565 TRk Rk, H RG-1 |
)00 4 B, 3k T2 R p SRR A AP AS R 5 R
(9% GalA/(Rha + Ara + Gal + Xyl) f8 5L e 19 42
PERRRE, tH 2% 1 T FP B A s O R M e
THA 3 BRI, IR LA HG 45895 . Rha/GalA 1)
Pl e et RG— 1 XS5 MR 2270 | 3% Lo (i
VEF 1, R RG- T X454 5 bk | Hrb Sp
) RG- [ X &5 £, FP /0, (Ara + Gal)/Rha
FEn R B 4y SRR o PP Y o SRR B
L FP A%, “F Y SCaE nT DA S5 4 TR 4 28
55 A B VR H, AT B BB AR A 1Y BE R N 4%
g

Rl AR AR

Tab.1 Monosaccharide composition of different pectins

w/ % CP FP PP SP
H#AE Man 0.58 0.32 1.95 0.79
9% Rib 0.18 0.16 1.13 0.45
FZ=H# Rha 5.98 1.09 4.04 7.77
AR GleA 2.25 2.95 5.45 3.50
P FUEEIR GalA 45.82 88.86 58.43 27.73
T Gle 20.11 1.64 5.68 25.43
KFLBE Gal 12.14 0.73 10.78 18.60
AHE Xyl 0.49 1.04 1.00 0.26
FIRIACTBE Ara 2.72 1.03 11.08 14.34
A HE Fuc 0.74 1.15 0.27 1.24
w(Rha) /w( GalA) 0.13 0.01 0.07 0.28
w( Ara + Gal) /w(Rha) 2.49 1.61 5.42 4.24
w(GalA) /w(Rha + Ara + Gal + Xyl)  2.15 22.82 2.17 0.68
HG =w(GalA) —w(Rha) 39.84 87.77 54.39 19.97
RG- 1 =2w(Rha) +w(Gal) +

w( Ara) 26.81 3.94 29.92 48.47
RG-T =100 - HG -RG -1 33.35 8.29 15.69 31.56

w(Rha) /w( GalA) HEEH RG-T 15, w(Ara) +w(Gal)/
w( Rha) J SR RLEEAT I 5 SZFERE 0 ( GalA) /w( Rha + Ara + Gal + Xyl )
R LA

2.2 REHSFRESHWT

AN]SR B 00 A X 43 o f B o3 A WL 3R 2
Bl 1, k2 A1 Al g0, AT SR 2 6 O o it
SN BB i, 4 FOREEZHERY 7+
P i EIBAEAE 3 A0, Hirh CP I E 1Y 43 F i it
4354 9.10 x 10° 3. 46 x 10> 31 Da, FP [ E 51
TR 5. 14 x107 1. 42 x 10° 55 Da, PP iy
Oy TR0 8. 80 x 10* 2. 31 x 10° 56 Da,SP )
T T RN 3.48 x107 1. 31 x 10* 3. 36 x
10* Da, 4 PRI M0 =B ohid 1, Horp FP 1Y
U 1 P E I TR OR, Bl J5 & SPLCP, PP /N,
Mo BT et 2 (0] 19 22 5 P RE 2 R RO IR R 47k
i [R] RN SRR AN TR 5 R Y

2 NFRIR A AN o B i K oA
Tab.2 Relative molecular weights and distributions

of different pectins

PDI =

M, /Da M. /Da
(M /M)

w

FE %% 4/min

I 1 13.16  1.03x10° 9.10 x 10° 88.27

CP I 2 17.45 1.86 x10* 3.46 x 10? 1. 86

3 18.16 19. 00 31.00 1. 69
I 1 12.25  1.94x10% 5.14x107  26.49
FP g2 16.61  9.58 x10% 1.42 x10° 1.48
3 18.25 27.00 55.00 2.05
U 1 14.74  5.53 x10* 8.80 x10* 1.59

PP I 2 16.65 1.03x10° 2.31x103 2.25

I 3 18.24 29. 00 56. 00 1.94

I 1 12.48  8.09 x10° 3.48 x107  42.97

Sp I 2 15.63  7.47x10° 1.31 x10* 1.76

0% 3 17. 46 90. 00 3.36 x 10? 3.72

M, AR YT B, M BT L PDT A 200 R R,

x10*
3.01
—CP
25 —FP
—7PP
—Sp
5 2.0
@15
pis
= 1.0f
0.5
0 ‘ ; 3 ;
5 10 15 20 25

[ 8} /min
Bl 1 SRR 3 B o A

Fig.1 Molecular weight distribution of different pectins
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[vi) 750 >f P WA PR 2% B0 1 7 IR 0 R 45 25 ¥, FP ORI

PP H TRRL R R i, R oA i S, 75
DKGM KI5 , B 0 45 14 356 AN [ A 8 ) o33, i
WIS 5 DKGM 2 [8) H B AS i i B IR VE . €D,
SD FIFLIAZCR />, FD PD i H )2 450 T S 5% it
i 55 300 0 B ) I 4 A5 4, X AT g2 R DKGM
HATRE BT M | BRI 70 A S e BRI
T TR R %) I 5 4 g 22

ii||||||||Ii||||||||Ii||||||||‘i||||||||

r

TCRAEECN 300 £,
B2 SR RO A BRI O S5 44

Fig.2  Microstructure of pectin and composite gels
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1740 em ™' 22 A7 14 0 {H 2 B PR b R 3
(COOCH,) I (C =0) MP4rtRsh 5 &, PP Y
oAt 3 PR EAS R 2 R A 4 5 4 b A A 2 5, B
FAEP LT HRLAIEE R . 1640 em ™' 247 (IE
EJ2 th R R 2& (COOH) Y 3k Fis 1L & e B & 1
(COO—) Mf4atiR a5 121, FP ZEiZ AL 1522 5 5]
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olem™

(a) I

1620 em ™', X AT RESE AR N 22 T S8, T
3000 ~3 700 em ™ Y RIS 43 ] R 43 P SR 5 |
A O—H A4 IR 3, 4 Fl 15 26 23 B P9 A
LR T HARRAR, BmE 3(h) %,
JIA DKGM J& , PP 1£ 1 640 em ™' &b ({904 & 2 T 1
B, FP JEA (i e th () IS 0 5507 10) R A= AW B8 . T CP
PP JAC O—H HE A 47 B 1] w3 B B0 1 B 8, FP
F1SP R B M3, Hord PD Ry O—H 1A
Bl THAY 3 Fh X B PD 52 4 5 I v S5
B, AR, ERE R e SR 2
M A9 S i 6 ot v 4 AR —OH FI—COOH 35 [ ) I

SD

A

500 1000 1500 2000 2500 3000 3500 4000
ofcm™

(b) REBER

K3 R A B LN TE S R

Fig.3 Results of infrared spectra of pectin and composite gels
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S5 RN X A RESE B TSR IR R 1 AR SR
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FlRLLE R 22 5%, X 5 Bhat 46120 g B 57 45 2%
L, HE 4(b) AT, T 2 G BERCAE 14°F0 21° 48
B2 AN TERTHIE . AR K S DKGM 2 A5,
A4 5 BUAT S 0 T B AR AR, 2 ISR R ke TR X
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30r
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i 20
)
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=
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Fig.4 Results of X-ray diffraction of pectin and composite gels
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P, TR A EERC YT LU 3555 8 b B 1) o3 B 245
SRAHXT R o SR 2 ] ) £ 2 S A2 PR R SR A
A, HESR G B i ik — 2P i ta, SRIRME &
BERRE b as R UK 6, HE 6 vl %, & At
JEHf FD R B f K, X R BT FP AR B BATRK
BECRERE . Giinter 257 B, HLAT 120 Bk e A 1 1) SR
JE 55 B I T B ) b [ A ELAT B R A e hi 3, G

& 5

s Te— ST |
SR 2 AR SN

A 3 MR 1 A R e P P R B/ MR YRR PD
CD.SD, X 53 HG & &1 AH R, X 1] g
JERA R HG & i A3 2R 5 DKGM Z [a] i) DL ik
TR RIS R O 7 A A P , DT 2R 3
WA G BERCREEE Y PP £ 5 DKGM B &5 20
i EE CP SP B K R EE AT B, 22 B PP Fil DKGM 2
[ A ELAE I AT RETE 5, FR Z0 406 2 B 45 SR AT
XA AH B AR FE PP ORI DKGM Z [BIE 1Y, T 48 &
S, BN, AR LB, RG - T RIKESFFIE S
ERER R R X T g SP 5 DKGM &
B I WM A

Fig.5 Appearance of pectin and composite gels
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Fig.6 Hardness of pectin and composite gels
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Fig.7  Apparent viscosity of pectin and composite gels
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Fig.8 Results of frequency scanning of pectin and composite gels
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Study on Properties of Low Methoxyl Pectin-Deacetylated
Konjac Glucomannan Composite Gels

LUO Jing, LI Yijia, GUAN Hongmei, LIU Xiong"
(College of Food Science, Southwest University, Chongqing 400715, China)

Abstract: Low methoxyl pectin has received wide spread attention as a potential raw material for low-
sugar foods, but its complex structural composition limits its application in the food field. To investigate
the effect of structural differences of pectin on the properties of pectin-deacetylated konjac glucomannan
(DKGM) composite gels, four low methoxyl pectins, namely citrus pectin, Ficus pumila Linn. seed
pectin, Premna microphylla Turcz pectin and sunflower disk pectin were selected as raw materials to be
composited with DKGM obtained directly from the preparation, and rheological, differential scanning
calorimetry, and infrared spectroscopy were used to investigate the effects of pectin structure on the
rheological properties and thermal stability of pectin-DKGM composite gels. The results showed that the
addition of DKGM could improve the performance of pectin gel compared with single pectin gel, and the
three natural low methoxyl pectins were more advantageous than the industrially prepared citrus pectins in
the gel products. The composite gel hardness of Ficus pumila Linn. seed pectin with DKGM was the
greatest, and the gel hardness was positively correlated with the homogalacturonan content of the pectin.
Premna microphylla Turcz pectin formed the most hydrogen bonds with DKGM, which resulted in the best
thermal stability and a denser gel structure. In addition, the molecular weight of the pectin had a greater
effect on the gel properties of the composite gel than the degree of esterification and structural domain
composition. The results could provide a better understanding of the effects of low methoxyl pectins with
different structure on the properties of composite gels, and provide a theoretical basis for the development
and application of pectin and DKGM in gel foods, as well as for the modulation of the quality of gel

products through the structural properties of pectin.

Keywords: pectin; deacetylated konjac glucomannan; gel properties; composite gel; molecular

properties
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