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Gelling Properties of High-acyl Gellan Gum Based on the Stress

Relaxation Theorem
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Abstract: In this study, the stress-relaxation model was used to examine the effects of monovalent (K* and Na') and divalent (C&* and
M) cations on the gelling properties of high-acy| gellan gels. The results suggested that the stress relaxation behavior of high-acy| gellan gels
fitted well with Peleg’s empirical model. The types and concentrations of cation had significant effects on the stress relaxation behavior of
high-acy | gellan gels. The values of equilibrium modulus (Ea) formed a saddle-shape curve with increasing cation concentration and correlated
positively with gel hardness (R = 0.943 to 0.983), indicating.that Ea could be used to characterize gel strength. The gels formed by divalent
cations showed greater gel strength than those formed by monovalent cations. At constant concentrations of cation, gellan gels formed by Na
were stronger than those formed by K*; Whereas gels formed by Ca?* were stronger than those formed by M g?*. When subjected to 16,000 >g
centrifugal force for 10 min, all high-acy| gellan gels exhibited water-holding capacity of more than 95%. In addition, the water-holding cap acity
of high-acy | gellan gels was less sensitive to changes in K*, Na*, Ca, and Mg? concentrations. The mechanism of stress relaxation appeared to

be associated with the movement of physical cross=links in'the gel matrix.

Key words: high-acy | gellan gum; gels; stress relaxation; cations; water holding capacity

SERTR A — PO BRI A 20, T-19784F 15 IR
i3 ERFA ORI, T HEA R EYE .
AR5 TN PRI TG A5, IR TT 4Rz B
AR IR AL 2 N T il #il2h . LT,
A AT ST R [ T 1986 Ak LAy £l 3R 71
F 78 FEH o

W IV I AT J9, X 1 R FL IS o A
RPN HAEEREE. 124, MR T Z2M777%
WGHUR . DSCL s ERe I ) bt itk 47
Wi EHER: 2014-04-04
EeWmE: BERARBMFEERS G1103131) ; IMIHEARANFEES
(Y4100746)

EBEN: BRE (1970 , &, @+, 2R, HhE: ARREE

38

TERAEES), RS T A AR, ORI,
LER BRI 2 2 AN B 55— i B R 2R
RIFA, RIBEHE IR L RIFAR S A 0 1 H T2 ]
AR R IR T 5 58 — b BRI e S AT J
4l IFRAIY BRI

S5V IR 7 7L B R SR AN R R
FLEE VR IR AN FE A5 IR ARTBEFEEE V& T ) e I
SREEECR, SRR, T DASR AT At ons FL A 5k i
BEATRAL o 107 B2 45 R 1l (et S i HL 8 A
PEMUREE 1, DRIRARMER ) He 2 SR LB A
JS2 A3 R it FEAE AR RE AR LA, AR A B
JIBE I 18] (R EA T IEHT LRI IR, A& HERIPFUIE AL
AT ORI TR IIE (T 3%, e RO R AR REEHI I



M BEmBHL

Modern Food Science and Technology

2014, Vol.30, No.9

AP, FRT, FEAMITTEE IR RS v (KN Tk it
17T TR, RBUBGENAL 5 AR R R L
AT TR, HNL ok it RT ARG 3 s e 25 7%
2 BREJEZ FR) PAY T 2% 5 K R K A o EL SR T IR 2574
JB R ST KA S I FE IR AR WL = o AT DAL R SS v Ji
BTN G, SR B kst 2URAL 188 1 FhA
9 RO e I 4 v MR RV (s, AR e
B 578 A T £ Tk b N T2 S RS K
o

1 MRERE

11 JE#

LA LT100, T3 E Kelco AF;
NaCl. KCI. MgCl. CaCl,» NaOH. HCI & frfi k2%
AR B 4t

12 Ziekik

1.2.1 BBk AR 4504 Bt B i ) &

TE TR B A R AR I B 2538 K,
HETFHK24 h, T CTRETREIBHE, BHELSED
R AR SE SRR RRGE . NS IR, R0 C
FEFRKAMER T 2R MR PR, BRI =&
FfCaClo. MgClo« NaCl. KCHAT , 432 D30 mm>20
mmiEh, 15 CHI¥A/KIEA 110 min, 7£4 COKH
HHRCE 24 hJEREATRA SIAT I R o A I A B S 45
A RSB A HR 45 VA BRI VR FE 3°80:30%  (m/V) o
1.2.2 B HARFELT AME

KT A (RS TAXT, JEE SMS A F)
BEAT IR . 3 A e B R PIAS( BLAE 45 mm (15 #
BR3K), MRy hold teste. FUANIRZHh: Tk
BN 1 mmfs, FIEHEEA 1 mms, BIEHEEN 3
mmis, FREERAR %, filik S5 g, RS
6000 s. HRIFS 2N —mMaI CR LR, TH5 AN
ZH . TSRO I E 3 Ik, TR TSR 3 Ik
HE N
1.2.3 HERREZGNZ

P8 IR e B MR FH S A A (BL5 TAXT, 3¢
SMS Aa]D. HEH IR P45, AN TPA

(Texture Profile Analysis). EARNNASECN: Fitk#
B3 mmis, R EEE N 1 mmis, [B 23 N 3mmis,
AT RN 6 mm, PR RAE 2 18] (16 B )4 10 s, fil
KI5 go BUTPA MR 45 SR (R A it s it 5
RAE. MG EE e 3 K, CHATHEEREA 3
W SIS

1.2.4 #RK¥E (WHC) 0=
PR MR P il 2001 (845 D-37520,

815 Heraeus A &) K48 1.2.1 J5idkdil s gk A it
IR, AR RS2 20 mm>R0 mm>15 mm
MFEfh . BRE: 50 mL 25 B0 EA Wo, TEEI O
AV, FRESE Wa, T 16000 g N ES
010 min, FZRRUK, FREEE W, RIEAK (D it
AR K -

wHC =22 ="%

=27 70 4100% D

W, — W,

BRI R IE 3 U, SCH T IR Y 3 TR
R HME.

13 HEAHE

Peleg A1 Normand fiff 58 & B B1, N A3 54T AT DA
I — BRI T A A, HEH T
Z I AR R P (ML S . 155 ). Peleg £
EENE v /(I
Fot =k, +k,t 2
F - F(t)
KPR AR 4Tt &P AHE4ER 7, t HATeRie et
B FO)H t BT RI6G1E R A1, Ko A AHERRTE AR 5 A B E e Bt
], ko ARTAZ o
Fvsth 2 JE A 2 )~ S ASE B (BEA) N
E, :Kﬁ;[l—klz] 3)
HF, ANXEOBRER, ¢ Aty T,
Mickley & T —/MEAY, 1] LR J7#A5H 3L
P T4 o B4 ¢ R0,
Ft
F?-F(t)

=k, +k,t (4

HoF, FoRE AFedy b AHEER A1, FE)H t B-%l 69
R 7, Ke A BT A5 5 ) PP E Bt BT, kg AR ALK,

KA TRARZE (RMSE) o) 7 b dth A28 13
BRI R ZE R B TR, RMSE 12K /haT LA
S BRASE R AL, B (R RS AR S «

RMSE = (5

b, X AT, xR KB

2 BRSHR
21 B AR

39



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.9

14

1

Force (W
WoDD 00 00

MKy A0MM) SO M)

Time /' s
1 BB SE AL BRI N SRt 4k
Fig.1 Typical stress relaxation curve of high-acyl gellan gel
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Table 1 Model parameters for high-acyl gellan gels

B FE BF R EuPa Peleg 4 I &Y Mickley #% 7
/(mmol/L) Ki/s kz RMSE kals Ka RMSE
10 818.40436.01 270.31+1189 1.482007 0.04 1724045706 1714057 0.33
30 931.35426.08 454.50+12.73 1524004 0.03 303.0146727 1702038 0.22
K* 50 753.01429.85 400.02+1320 1384005 - 0.03 250.0345850 1.54#036 0.23
100 683.65438.28 555.60+31.11 1394008 _0.06 322.6147839 1554038 0.24
300  852.09#42.60 476.2042381 1.50#008  0.05 263.2148107 1.71#053 031
500 291.30417.98  256.40+12.31 1164006 0.05 181.83+4909 1314035 0.27
30 758.95425.05 344.80+1133 1374005 0.03 285.7144943 143025  0.17
N 50 879.8326.39 = 357.10+1071 1.46004 = 0.03 243.8945219 1.61+034 021
100 741.12+418.60 ~ 333.2935.67 1444002  0.02 238.11#4357 1554028  0.18
200  1089.88+3706 500.01#17.00° 157005  0.03 2941046794 1702039 0.23
500  860.01224.94 370.40+1074 1432004  0.03 250.0446300 1.662042 0.25
2 1139.4243021 370.394852 157004  0.02 256.41+872 1734033  0.19
4 862.00218.10  384.6048.08 1.462003  0.02 243.9147293 1.80#054  0.30
Cat 6 980.89433.35  555.60+18.89 1584005 0.03 303.0046908 1.81#041 0.23
8 852.00422.15 45453+1182 1432004 0.03 333.3348366 1.684042 0.25
15 1307.86+4131 270.3047.30 1502004  0.03 200.04#+4040 1.67#034 0.20
40 592.50420.15  270.3049.19 1.254004  0.03 1923346019 1.424044 0.31
2 996.74425.92  370.4049.63 1562004  0.03 243.9343683 1.70#026 0.15
4 978.91435.37 357.11+1071 1504005 0.03 2222144711 1704036 021
Mg 8 812.46324.37 416.67+1250 1.424004 0.03 243.9245927 1.652040 0.24
20 10502543256  400.00+1240 1.48+005  0.03 227.3045878 1.73#045 0.26
40 802.55427.68 4545041454 1432005 0.03 2703146271 1.69+039 0.23
80 792.64+19.82 322.6348.07 1.414004  0.03 204.10#4511 1584035 0.22
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