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Abstract— This study was investigated the effects
of the sodium alginate (SA) system, salt levels (0.1
and 0.3 M) and glucono-d-lactone (GdL) levels on
cold-set gelation of porcine myofibrillar protein
(MP). The SA system at 0.1 M salt showed the
highest gelation kinetics at all combinations, while
the gelation kinetics was reduced at 0.3 M. The gel
strength of the SA system at 0.1 M salt was highest
among treatments. In thermograms, no effects of
salt levels and the SA system were found, while
endothermic peaks were reduced or completely
disappeared by addition of more than 1% of GdL.
These results implicated that the SA system was
favorable in forming a cold-set MP gel at low salt
concentrations and that the SA system could be
applicable at higher salt concentrations by
combining the relatively higher GdL concentration
>1%).
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I. INTRODUCTION

Sodium alginate (SA) is sensitive to polyvalent,
especially calcium ions, and form a thermo
irreversible gel resulting from the auto cooperative
reaction between calcium ions and the G-block regions
of the polysaccharide, composed of only L-guluronic
acid [1]. The gelling nature of calcium ion mediated
SA encounters the applicability of SA in manufacturing
non- thermal cold-set meat products.

On the other hand, GdL itself can affect to form a
meat protein gel [2]. Bryant and McClements [3] also
suggested that altering the pH towards the isoelectric
point of protein could induce a cold-set gel due to the
reduction of electrostatic repulsion among proteins,
promoting protein  aggregation. However, the
acidification negatively affects the water-binding
properties of meat products [4].

Despite the gelling characteristics of SA and GdL,
little information is available for the meat processing

aspects. In addition, the effects of salt concentrations
combined with these gelling agents on MP gelling
properties are not fully understood. Therefore, this
study was aimed to evaluate the effects of salt levels,
GdL concentrations and SA systems on the cold-set
gelation characteristics of MP, and to select the best
combination of these three ingredients.

II. MATERIALS AND METHODS

A. Materials

Porcine M. longissimus dorsi were selected from
three carcasses at 24 h post-mortem. The pork meat
was trimmed of all visible fat and connective tissue,
and cut into approximately 1 cm cubes. The meat cubes
were divided into 200 g portions, vacuum-packed in a
polyethylene pouch, and frozen at -70°C prior to use.

B. Sample preparation

Frozen meat was thawed at 4°C for 12 h in the
refrigerator, and MP was extracted by the method
published by Chin et al. [5]. MP sol was compared by
adjusting the protein concentration of 4%. The SA
system was defined by 0.5% SA in combination with
0.2% calcium carbonate (CC). Half of samples were
mixed with GdL from 0 to 1.5% without SA system,
and the counter parts of samples with SA system. All
ingredients were individually diluted in 50 mM sodium
phosphate buffer (pH 6.25), containing final salt
concentrations of 0.1 or 0.3 M. For analysis, 5 g
aliquots of samples were loaded into glass tubes (@ 12
mm), and incubated at 4°C for up to 24 h.

C. Rheological analysis

The changes in rheological prpeprties during gel-
setting were measured using a concentric cylinder type
rotational rheometer (RC30, Rheotec Messtechnik
GmbH, Berlin, Germany). The samples were sheared
by linearly increasing shear rate from 0 to 300/s for 60
s. Obtained shear rate-stress data were fitted by power
law model.

D. Gel strength and yield

The MP samples incubated at 4°C for 24 h were
compressed to a breaking point using an Instron
universal testing machine (3340, Instron Corporation,
Canton, MA, USA) with a stainless steel probe (9 mm
diameter). Head speed was maintained at 50 mm/min.
The mixed MP sols were heated by increasing
temperature from 0 to 75°C at 3.5°C/min. After



heating, samples were cooled in an ice and stored at
4°C for 4 h. The puncture test of cooked gel was made
under the same conditions with that of cold-set gel.

Before the measurement of gel strength, the fluids
from heated gels were discarded. Cooking yields were
determined by assessing the weight of gels, and
expressed as percentage of initial weight.

E. Differential scanning calorimetry (DSC)

DSC was performed using a differential scanning
calorimeter (DSC S-650, Scinco Co. Ltd., Seoul,
Korea). Indium was used as a standard for the
calibration. Approximately 30 mg of samples were
incubated at 4°C for 24 h, weighed into an aluminum
pan, and heated from 10 to 100°C at a 5°C/min
increment. An empty pan was used as a reference.

F. Statistical analysis

Data were analyzed by two-way ANOVA using the
SAS Statistical Program 9.1 (SAS Institute, Cary, NC,
USA). Differences among the means were compared
using Duncan's multiple range test.

III. RESULTS AND DISCUSSION

A. Rheological analysis

At a 0.1 M salt level of GdL treatments, no
significant changes were observed in the viscosity of
MP sols (Fig. 1a). Cold-set gelation kinetics increased
when the SA system was applied (Fig. 1b). All MP sols
containing SA system showed higher initial viscosity
than that with GdL alone.
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In a SA system with 0% GdL, the viscosity
increased over 4 h of incubation (p<0.05), whilst no
change was shown after 8 h (p>0.05).

Increasing the GdL concentration in the SA system
caused an increment of viscosity (p<0.05), particularly
the addition of 1.5% GdL.

To form an acceptable cold-set gel, calcium ions
were the most important factor.

Poorly soluble CC released the calcium ions when
the environmental pH was reduced by GdL [6]. At 0.3
M salt level, the addition of GdL alone at a
concentration higher than 1.0% showed an effective
MP gelation (Fig. 1c). However, the SA system
required at least 1.5% GdL and incubation time more
than 12 hours at 0.3 M salt to form a gel (Fig. 1d). The
salt -dependent MP gelation of GdL was possibly
associated with protein solubility [4], while, sodium
ions competed with calcium ions in binding sites of SA
[7], resulting in no-gelation of SA treatment at 0.3 M
salt.
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Fig. 1. Influences of salt and glucono-8-lactone (GdL) concentrations on apparent viscosity of myofibrillar protein combined with (a) 0.1 M NaCl and
GdL system, (b) 0.1 M NaCl and alginate (SA) system, (c) 0.3 M NaCl and GdL system, and (d) 0.3 M NaCl and SA system. Vertical bars present

standard deviations.



B. Gel strength

The gel strengths of MP gels are given in Fig. 2. The
addition of GdL at 0.1 M salt concentration did not
form a cold-set gel, regardless of the level of GdL,
while, the gel strength after heat treatment increased
with increasing GdL concentration up to 1% (p<0.05).
SA without GdL also had no effect on cold-gelation of
MP sols even after heat treatment, while increasing
GdL in the SA system increased the gel strength
(p<0.05). However, the gel strengths of SA mediated
MP gels decreased after heat treatment, because of

from acidification [2]. SA system containing 1% GdL
at 0.1 M salt showed a significantly lower yield than
that 0% GdL, all SA added treatments at 0.1 M showed
the higher yield than GdL alone treatment at 0.3 M salt
level, indicating high water binding properties of SA.
At a 03 M salt concentration, increasing GdL
concentration up to 0.5% decreased the cooking yield
(p<0.05). The application of SA system improved
cooking yield (p<0.05), but higher the GdL
concentration, the lower the cooking yield of MP gel.
In addition, no difference in cooking yield between 0.1

and 0.3 M were observed, resulting in high water-
binding properties of SA.

time-dependent gelation characteristics of SA system,
despite of thermal irreversible nature of SA gel [8]. On
contrast, increasing GdL more than 1% at 0.3 M salt
formed a cold-set gel, and the gel strength increased
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The effects of SA system, salt and GdL
concentrations on cooking yields are shown in Fig. 3.
For 0.1 M salt concentration, the MP gel had about
56% yield, and increasing the GdL concentration
higher than 1% caused a lower yield than that without
GdL (p<0.05). This was mainly due to low pH induced

Fig. 3. Influences of salt and glucono-&-lactone (GdL) concentrations
on cooking yield of (b) heat treated cold-set myofibrillar protein.
Vertical bars present standard deviations.

D. Differential scanning calorimetry (DSC)

Changes in DSC profiles of samples are given in
Fig. 4. Regardless of salt levels, the DSC profiles of
(a) MP (0% GdL only treatment) showed three main
endothermic peaks at approximately 58, 66 and 75°C
corresponding to myosin heavy chain (MHC), myosin
light chain (MLC) and actin, respectively. The addition
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Generally, no changes in peak temperatures were
shown in all treatments with the addition of 0.5% GdL.
However, peak temperatures of MHC and MLC
decreased when GdL was added at concentrations of
1.5 1% or greater, and the area of actin peak also reduced.

In addition, all 3 peaks almost disappeared when GdL
(b) was added at 1.5%.
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Fig. 2. Influences of salt and glucono-&-lactone (GdL) concentrations
on gel strength of (a) cold-set and (b) heat treated myofibrillar
protein Vertical bars present standard deviations.



form a viscoelastic MP gel with high yield at high salt [4] Hong, G.P., Ko, S. H., Choi, M. ., & Min, S. G. (2008). Effect

level (0.3 M). Therefore, these results indicated that of glucono-3-lactone and k-carrageenan combined with high
. ’ ’ . . pressure treatment on the physico-chemical properties of
regulating the GdL concentrations corresponding to the restructured pork. Meat Science, 79, 236-243.

amount of NaCl in the SA system could improve the
characteristics of the SA system-mediated cold-set MP

gel under various salt concentrations. [5] Chin, K. B., Go, M. Y., & Xiong, Y. L. (2009). Konjac flour

improved textural and water retention properties of
transglutaminase-mediated, heat-induced porcine myofibrillar
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Fig. 4. Thermograms of myofibrillar proteins under (a) 0.1 M NaCl and glucono--lactone (GdL) addition, (b) 0.1 M NaCl and SA system, (c) 0.3 M
NaCl and GdL addition, and (d) 0.3 M NaCl and SA system. The percentages mean GdL concentrations. Lower triangles indicate the three endothermic
peaks of myofibrillar protein.
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