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Analysis of Ca’*-induced Co-gelation of Soy Protein Isolate and Gellan Gum
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ABSTRACT

The Ca**-induced co-gelation of Soy Protein Isolate (SP1) and Gellan Gum (Gellan) by
heating-cooling process was investigated. The structural and mechanical properties
of gels were analyzed by rheological instruments and some kind of microscope. In
a large deformation test, the stress rupture strength of the co-gel was higher than
that of the gel formed from SPI alone or Gellan alone. The fracture strain ratio of
the co-gel was lower than that of the Gellan-gel. The structural features of gels at
different length scales by using confocal laser scanning microscopy (CLSM) and
scanning electron microscopy (SEM) were observed. Results obtained with CLSM,
at the macro-scale, indicated the bicontinuous SPI and Gellan phases of the co-gel.
Results obtained with SEM, at the meso-scale, indicated the interaction between
SPI aggregates and Gellan strands at the phase boundaries of bicontinuous SPI1/
Gellan. The structural and viscoelastic properties of the coexistence solution of SPI
and Gellan by heating-cooling in the gelling process were analyzed. After the first
heating, the phase separation to SPI-rich and Gellan-rich occurred already. At low
temperature with cooling, the separated Gellan phase was coarser. The viscosity
of the coexistence solution after Ca**-addition increased over the sum of SPI alone
and Gellan alone. The Ca**-induced co-gelation of SPI and Gellan induces the phase
separation process that leads to the bicontinuous structure formation at both macro
and meso level. Consequently, the co-gel shows novel properties which are dilJerent
from the single component gel. Soy Protein Research, Japan 12, 63-69, 2009.
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Fig. 1. Schematic diagram showing time/temperature
processing protocol during gel formation.
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Fig. 2. Strain-Stress curves of gels. (A) SPI, (B) Gellan,
(C) Mix, (D) SPI+Gellan on the graph.
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Fig. 3. CLSM images of gel. (A) SPI gelx 100, (B) SPI
gelx 400, (C) Gellan gelx 100, (D) Gellan gelx
400, (E) Mix gelx 100, (F) Mix gelx 400. Scale
bar=100p m (x 100), 50p m (x 400)
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Fig. 4. Scanning electron micrographs of Mix gel. (A)
x 1k, (B)x 10 k, (C) Phase boundaryx 50 k, (D)
SPI phase, x 50 k, (E) Gellan phasex 50 k.
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Fig. 5. Viscosity of SPI, Gellan and Mix in time-temperature history.
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Table 1. RVA viscosity properties of SPI, Gellan and

Mix
Peak No. To(O) Tp(@d) Tc(@d) OV(cP)
S-1 45.7 754 90.0 20
SPI S-2 515 525 70.0 76
S-3 58.9 117 0 34
Gellan G-1 434 16.1 O 40
M-1 585 712 90.0 8

M-2 35.1 10.0 40.2 51

M-3 522 53.0 70.0 74

M-4 65.8 142 0 123
To: onset temperature, Tp: peak temperature, Tc:
conclusion temperature, 0 V: (peak viscosity) - (onset
viscosity).

Mix

Fig. 6. CLSM images of SPI, Mix solution during
thermal history. (A) SPI at () on Fig. 6, (B)
Mix at (O), (C) SPI at (O), (D) Mix at (O), (E)
SPI at (O0), (F) Mix at (O). Scale bar=50u m.

67



0**00000000000003100Gelland O
0000000000 000000D0DD0D0O0O000
0000000000 000000DD0O0Doo0O00Q
0000000000000000D00000000
0000000000000 O0Oooo®0o0000
OO0O0SPI-GellanD OO0 0000 OOGelland O OO
000000000000000000000000
000000000000000000000000
0000000000000000004800000
000000000000000000000000
00o00*0000000000000000000
OO0O0OSPIOOGellan0 000000000000
000000000 000000DOoO0oooo0oQ
000000000000 000000D0D0000n
MixODODOOOOOOOOOOOOOOO0O0000

O00O0000OFRig. 6FMGellanD 0O OO0ODOO
Ooo0o0o00oO0oOooOO0O0OO0DBCGellanD0OO0O0O0O0ODO
oooooooooobooooooooooboooo
obobooocooooooooooos,PiIobOonOoon
OO00b0O0CGellanDOO0O0O0O010OumOOOOOCODO
O 00Fig. 3FO 0 O OMixO O O OSPIO O GellanO
goosopmbOOoOoOoOoOoOoOoOoOoOobooOooOon
oboboobobobobobobocboooooooospPion
O0O0OSPIDODO0O0DO0ODOS0umOO0Ca™ 00
gobb0OdO0cellanDOO0O0O0OO0OOO0OOOODOOO
ooOOo0oDoO0O00OQ0Gellan OsSPIDOOODOODOO
oooooooosePibOob0ooboooooocooon
oooooocooooboooooboooooboooo
ooooooooocoooooooon

ooooon

O0C00000000SPIOGellan0 0000000000000 0000000000O0
gobooOMixoOOsPIOODOGelanD OO OOOOOOOOOOOODOOODODOOOOOOODO
cLsMOOOOOoObOOoOoOoooseMOOOOOOOOODOOOOOOOMIXOOOOSPIODOOO
goooooooooOoOoOoODCGellanbCOOOOOODODOOOOODODDODOODODODODODODOO
oooboooooooobooooooobooooboooOoboOoooOoOoOooOboOoOoDOoOsPIDOOObOO
ooooooooooooooooooboOoOooOooOboboOobOODOOObOUOObOObOObOODOObOO
O0O00O0Ooo0O00OSsSPIOGellanD0 0 00O0COO0O0O0OOCOOO0O0OOOOOOO0O0OOOOOC
0000000000000 000000000000000000000000Ca*000SPI-
Gellan OO O OOOOOOOOOOOOOOOOOOOOOOSPIGellanDOOOOOO0OOOO
O00C 0000000000000 000N00000000000N0O0oNooooonooon
0000000000000 000000000000000000Ca*000SPI0Gelland 00
goooooooooOoOooooooOoOooooooOoocboOoOooooDon

gooogo

10 Utsumi S, Matsumura Y and Mori T, Food
Proteins and Their Applications (1997): 257-291.

20 Dickinson E, Food Hydrocolloids, 17 (2003): 25-39.

30 Nishinari K, Zhang H and lkeda S, Current
Opinion in Colloid & Interface Science, 5 (2000): 195-
201.

40 Turgeon SL, Beaulieu M, Schmitt C and Sanchez
C, Current Opinion in Colloid & Interface Science, 8
(2003): 401-414.

50 Tolstoguzov V, Food Hydrocolloids, 17 (2003):
1-23.

600 Asakura S and Oosawa F, Journal of Chemical

68

Physics, 22 (1954): 1255-1256.
70 Tuinier R, Rieger J and de Kruif CG, Advances in
Colloid and Interface Science, 103 (2003): 1-31.
80 Gogelein C and Tuinier R, European Physil Journal
E, 27 (2008): 171-184.
ol00l00dC00bO0O0DOoUODODODODOoDOO
45(1 1998[1] 73-82.
0000000000000 DO0O0O20000171-11.
100000000000000000000000
00 00 540 2007010 143-151.
120 Hermansson AM, Journal of the American Oil
Chemists Society, 63 (1986): 658-666.

0o0o0ooooddvol 12120090



130 Utsumi S, Damodaran S and Kinsella JE, Journal
of Agricultural and Food Chemistry, 32 (1984). 1406-
1412.

140 Kohyama K and Nishinari K, Journal of
Agricultural and Food Chemistry, 41 (1993): 8-14.
150 Kohyama K, Sano Y and Doi E, Journal of
Agricultural and Food Chemistry, 43 (1995). 1808-

1812.

0000000000000 00D0O0OOODO?200100
154-167.

170 Tang JM, Tung MA and Zeng YY, Journal of
Food Science, 60 (1995). 748-752.

180 Yuguchi Y, Urakawa H and Kajiwara K, Food
Hydrocolloids, 16 (2002): 191-195.

1900 Ji S, Corredig M and GoU HD, Food Hydrocolloids,
22 (2008): 56-64.

0o0o0o0oododdvol 12120090

200 Martin AH, Go HD, Smith A and Dalgleish DG,
Food Hydrocolloids, 20 (2006): 817-824.

210 Spagnuolo PA, Dalgleish DG, GoJ HD and Morris
ER, Food Hydrocolloids, 19 (2005). 371-377.

22[0 Milas M and Rinaudo M, Carbohydrate Polymers,
30 (1996): 177-184.

230 Ikeda S, Nitta Y, Temsiripong T, Pongsawatmanit
R and Nishinari K, Food Hydrocolloids, 18 (2004):
727-735.

240 Miyoshi E, Takaya T and Nishinari K,
Carbohydrate Polymers, 30 (1996): 109-119.

250 Tolstoguzov VB, Functional properties of food
macromolecules, Aspen publishers, Inc, (1998): 252-
277.

260 Shen JL, Journal of Agricultural and Food Chemistry,
24 (1976): 784-788.

69



