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Fig. 1 '"H-NMR spectra of sodium alginate sample

The relevant peaks were assigned according to the Ref. [ 22 ]
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Fig. 2 Images of alginate/xanthan mixed solutions after centrifugation showing phase separation (a)

and representative polarised light microscopy images showing formation of liquid crystalline structure ;

(b) 0.5% xanthan; (c¢) 2% xanthan

The alginate concentration was fixed at 0. 5% and the xanthan concentration was varied.
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Fig. 3 Phase diagram of alginate/xanthan mixed solutions:
(A) compatible region, ( O ) phase separation and ( &)
liquid crystalline region

The solid and dotted lines represent the phase boundaries. The
dashed line marks the threshold concentration of xanthan

required to form liquid crystals in the absence of alginate
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Fig. 4 Angular frequency w dependence of storage modulus G'(solid symbol) and loss modulus G"( open symbol) for 0. 5% alginate (a)

and 0. 5% alginate/0. 02% xanthan (b) with different f values

The data have been vertically shifted by a factor of 10“ to avoid overlapping. The corresponding plots of tan§ against f at different angular

frequencies w are presented in (¢) and (d), respectively.
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Table 1  Critical gel parameters for alginate/xanthan mixtures
Alginate (wt% ) Xanthan (wt% ) Phase behaviour fg‘.I n" n'
0.5 0.00 Compatible 0. 101 0. 661 0. 645
0.5 0.02 Compatible 0. 094 0. 624 0. 601
0.5 0.20 Phase separation 0.030 0.471 0.370
0.5 0.50 Phase separation 0. 029 0.430 0.290
0.5 1.00 Liquid crystal 0.043 0. 448 0. 347
2% MLGH ~ 0.00 N/A 0. 098 0.720 0. 630

% According to the Refs. [24, 27]
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Fig. 5 Plot of critical gel point f,,; as a function of xanthan
concentration ¢ _for the gelation of alginate/xanthan mixtures

at a fixed alginate concentration of 0. 5%
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Fig. 6

Time dependence of relaxation modulus G (t) for
different alginate/xanthan mixtures in the proximity of
critical gel points

The alginate concentration was fixed at 0.5% and the

xanthan concentration was varied.
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Fig. 7 Change of relaxation critical exponent n"and n" as
a function of xanthan concentration ¢ for alginate/xanthan
mixtures at critical gel points

The alginate concentration was fixed at 0. 5% and xanthan

concentration was varied.
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dimension d; of the critical gels of alginate/xanthan
mixtures: (a) according to equation (4 ) where excluded
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CRITICAL BEHAVIOR OF GELATION OF ALGINATE/XANTHAN
MIXTURES INDUCED BY Ca’* IONS

Fan Zhang, Peng Mao, Hui-ling Kong, Meng Zhao, Ya-peng Fang,
Katsuyoshi Nishinari, Glyn O. Phillips
(Glyn O. Phillips Hydrocolloid Research Center, School of Food and Pharmaceutical Engineering ,
Faculty of Light Industry, Hubei University of Technology, Wuhan 430068 )

Abstract The phase behaviors of alginate/xanthan mixtures and their influence on the critical gelation of
alginate induced by Ca’" ions were investigated. At a fixed concentration of alginate (0.5 wt% ) and with
increasing xanthan concentration, the mixtures exhibited compatible, phase separating and liquid crystalline
behaviors. The formation of liquid crystals was found to occur at much lower xanthan concentrations in mixtures
than that in pure xanthan solution, suggesting that the presence of alginate promoted the formation of xanthan
liquid crystals. This was attributed to the increase in the effective concentration of xanthan as a result of
segregative phase separation of alginate/xanthan. Via glucono-8-lactone ( GDL) -induced in situ release of Ca’*
from Ca-EDTA | the viscoelastic properties of alginate/xanthan mixtures at different levels of Ca’" (f =
[Ca’* ]/[ COO ™ ])were measured. Analysis by the Winter-Chambon criteria showed that the critical gel point
(fur) decreased with increasing xanthan concentration. Accompanying phase separation, f,, decreased
dramatically while it turned to increase in the liquid crystalline region. Comparison of the relaxation critical
exponents obtained from the Winter-Chambon method and relaxation modulus suggested that the addition of
xanthan led to the loss of structural self-similarity for alginate gels at the critical points. Phase separation
resulted in a more compact critical gel structure whereas liquid crystalline formation made it relatively looser.

Keywords Alginate, Xanthan, Mixtures, Gelation, Critical behavior, Fractal dimension



