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Abstract Methylcellulose (MC) and kappa carrageenan (KCG) are widely used in
food and pharmaceutical industries as a viscosity modifier, a gelling aid, and a film
former due to their reversible thermal gelation properties. Thermoreversible gela-
tion of MC/salt, MC/KCG/water, and MC/KCG/salt mixtures was investigated
utilizing dynamic and steady shear rheological measurements. It was found that for
the MC/salt mixture, gelation temperatures decreased linearly with increasing salt
concentrations independent of valences of cations and molar concentrations of
anions. For the MC/KCG blend, double gelation was not observed, and KCG is not
influenced or disturbed the gelation properties of MC. Double gelation was observed
for the mixture of MC/KCG/KCI for the low concentration of salts of 0.01 M KCl
and 0.04 M KCI with the maximum moduli values for the mixture of MC/KCG/
0.04 M KCI and then gradually decreased with increasing KCI salt concentration
and eventually became similar to the gelation of MC solution. Therefore, KCI1
concentration played a major role in double gelation properties of MC/KCG/KC1
mixture. It was also found that for the MC/KCG/KCI system, gelation transition
matrices are linearly depending on salt concentration and independent of KCG and
salt type. It was shown that for MC/salt mixture, solution rheology follows the
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principle of time—temperature superposition (TTS) below the gelation temperature.
However, TTS failed above the gelation temperature. TTS also failed for MC/KCG
and MC/KCG with low KCI concentration mixtures.

Introduction

Methylcellulose (MC) and kappa carrageenan (KCG) are used extensively in the
food and pharmaceutical industries as a film former, a binder, or a thickener due to
their ability to form gels at higher temperature and lower temperature, respectively
[1-6]. MC is hydrophobically modified cellulose ether which is obtained by
substituting a certain number of hydroxyl groups of anhydroglucose with methoxyl
group. Kappa carrageenan is a linear sulphated naturally occurring polysaccharide
extracted from red seaweed [7].

Thermogelation of MC has previously been studied using rheology, nuclear
magnetic resonance (NMR), dynamic light scattering, small-angle neutron scatter-
ing, and differential scanning calorimetry (DSC) [8—16]. It has been shown that the
gelation process for MC has two stages [10, 17, 18]. Kobayashi et al. [19] suggested
that MC in aqueous solutions associated at low temperatures and then phase
separated into (methyl group) clusters of varying hydrophobicity. Consistent to
Kobayashi et al., Bodvika et al. showed that gelation occured due to the aggregation
and network formation using Cryo-TEM and other spectroscopic techniques [20].
Sekiguchi et al. [21] suggested that hydrogen bonding may be involved in the
gelation of MC. Overall, it was widely accepted that the gelation was caused by the
hydrophobic association of methocellulose chains at high temperatures. At
temperatures below gelation temperature, water molecules form cage-like structures
around the methoxyl groups of MC. Upon heating, these cage-like structures break
down, and hydrophobic methoxyl groups are exposed. Thus, the hydrophobic
methoxyl groups begin to aggregate and form the gel [13, 22]. It was also shown
that a fibrillar structure can be formed during gelation process of MC aqueous
solution [23].

The effect of salt on thermogelation of an aqueous solution of MC correlated
with the Hofmeister series which explains the precipitation behavior of proteins by
various salts [24, 25]. More specifically, the thermogelation temperature of aqueous
solutions of MC increases with the addition of the same concentration anions
following the order of SCN™ > ClOz > I, and decreases in the order of NO3~ =~
Brm <Cl” <F < H,PO,” < 82032_ < SO42_, and increases with the addition of
cations following the order of Li" > Na™> K > Mg*" > Ca®>" > Ba®". Further-
more, the influence of gelation temperature by anions is more significant than that of
cations [26].

It is widely accepted that the gelation mechanism of KCG is described in a
conformational change of the KCG molecules from the coil to double helices and
then followed by the aggregation of these double helices to form a large gel network
structure [27-30]. Due to negatively charged sulphate groups in the KCG
molecules, the counter ions play a significant role in the gelation [29, 31-35].
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Interestingly, KCG can form double helices in the presence of K* ions much easier
than in other solutions with or without other counterions [35]. Therefore, the gels
formed with KT are the strongest and most stable [36].

The previous research of MC/KCG/water system has found that the mixture
became gel at low and high temperatures and there is no influence or disturb the
gelation properties of each other [37]. The aim of the present investigation was to
formulate and characterize the MC/salt, MC/KCG/water, and MC/KCG/salt
mixtures that would exhibit gel at lower and higher temperatures due to the effect
of KCG and MC, respectively.

Materials and methods
Materials

The cellulose ether, METHOCEL™ A15 LV Premium, was generously supplied by
The Dow Chemical Company, Midland, Michigan, and is denoted as A15. The A15
sample had a methoxyl content of 30.4 wt% (DS of 1.84), and the viscosity of 17 mPa.s
at 2 wt% MC solution and 20 °C. The weight average molecular weight of Al15 is
51,000 daltons. Sodium chloride (NaCl), potassium chloride (KCl), and calcium
chloride dihydrate (CaCl,.2H,0) were obtained from EMD Chemicals and were used as
Kappa carrageenan which was obtained from CPKelco (Genugel carrageenan CP-130).
Purified water obtained from E-pure filter system at 18 MOhm (Barnstead) was
used to prepare all solutions in this research. The polymer, 7 wt% Al5, and the
blend of 7 wt% A15 and KCG (0, 0.1, 0.3 wt%) were first dispersed at 80 °C in
distilled water that dissolved with the salt (NaCl, KCI, and CaCl,) from 0.00 to
0.5 M. The resulting dispersion was continuously mixed using magnetic stirrer as it
cooled to 22 £ 2 °C and further mixed for more than 3 h at 22 & 2 °C, and
hydrated for more than 12 h at 4 °C before taking rheological measurements.

Methods
Rheology

Oscillatory and steady shear experiments were conducted using AR 2000 rheometer
(TA Instrument, New Castle, DE) with a concentric cylinder fixture where the stator
inner and rotor outer radius are 15 and 14 mm, respectively, and the height of
immersed cylinder is 42 mm. To avoid the dehydration, a small quantity of silicone
oil having low viscosity (Fisher Chemical, S159-500) was placed on the top of the
polymer solution during experiments.

Small amplitude oscillatory shear (SAOS) [27]

7 = 7o sin(wr) (1)
was applied to the sample during oscillatory measurements, the resulting stress

output
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a(t) = 79[G (o) sin(wt) + G"(w) cos(wt)] (2)

was obtained to compute the elastic, G'(w) and viscous modulus, G”(w). Using
these data, the complex viscosity, In*|, was found from the following equation:

‘ *| - (G/2+G//2)1/2
n =T o

3)

Linear viscoelastic region (LVER) was determined using a strain amplitude sweep.
It was found that 2% strain was within the LVER. Thus, 2% strain is used throughout
the dynamic oscillatory experiments. Frequency sweep between 0.01 to 100 Hz was
carried out isothermally at a temperature range between 10 to 80 °C with 5 °C
increment. At each temperature, the sample was equilibrated for 30 min. Using the
principle of time—temperature superposition (TTS), master curves were generated by
shifting frequency-dependent dynamic spectrum at each temperature to that of the
reference temperature (Ti.r), — 5 °C [38, 39]. The temperature ramps were also
performed from 10 to 80 °C at a constant heating/cooling rate of 1 °C/min, the
frequency of 1 Hz, and the strain of 2%. The nomenclature of gelation characteristics
used in this paper is defined in Table 1. The standard deviation was calculated for the
onset of gelation, Thea(G min), the complex viscosity, TheaI7*Imin), gelation
temperature, TG’ = G”), and gel dissolution temperature, Ty (G' = G”), which
are within £ 0.81.

Results and discussion
Effect of salt on rheological behavior of MC solutions

Figure 1 shows typical heating and cooling curves of elastic and viscous moduli
obtained from dynamic rheological measurements of 7% MC solution. At lower
temperatures, G” was greater than G’ showing a highly viscous solution. As
temperature increased, the sudden increase of the G’ was identified as the onset of
gelation temperature 1 [Tjea(G' min)] as defined in Table 1. Further increasing the

Table 1 Key terminology and abbreviations used for gelation and gel dissolutions

Nomenclature Abbreviations  Definitions

Gelation temperature 1 Toer The temperature where TTS failed (viscosity vs. shear
rate)

Gelation temperature 2 ThealG' = G")  The cross-over temperature, G' = G” during heating

Onset gelation 1 Theat(G min) The temperature measured at minimum G’ during
heating

Onset gelation 2 Theat(I7¥min) The temperature measured at minimum In*| during
heating

Gel dissolution temperature  To,o(G' = G”) The cross-over temperature, G’ = G” during cooling
1
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Fig. 1 Elastic and viscous moduli as a function of temperature for 7% MC solution. Closed symbols—
heating curves and opened symbols—cooling curves

temperature, G’ became equal to G” where this cross-over point was identified as
gelation temperature 2 [Theo(G' = G”)] as defined in Table 1. When the temper-
ature was greater than the gelation temperature, G’ was greater than G” showing an
elastic solid. During the cooling process, the gel melted at a lower temperature than
that of the gelation temperature showing large hysteresis between the gelation and
gel-melting process. This was due to the rate of gel melting is much slower than that
of gelation process [40]. Figure 2 shows heating and cooling curves of elastic and
viscous moduli for 7% MC solution with various concentrations of KCI. The onset
of gelation shifted to a lower temperature with increasing salt concentrations. The
key gelation temperatures, Tyeo(G'min), Tpea(I7¥Imin), and Ty, G’ = G”), that
were obtained from Fig. 2 were analyzed as a function of salt concentrations, as
shown in Fig. 3. The gelation temperatures, Theq(In*Imin) and Ty, (G’ = G”), as a
function of salt concentrations can be approximated with linear curve fits with a
relatively high coefficient of determination (RZ) values (> 0.90), as shown in Fig. 3.

However, the quality of the linear fit of T, (G'min) was not as good as other
matrices shown in Fig. 3 with R values of 0.83. All the characteristic gelation
temperatures declined linearly with increasing concentrations of salt. Figure 3
shows that gelation temperatures do not depend on the type of the salts. This is
consistent with the findings of Xu et al. where the gelation temperatures of an
aqueous solution of high-molecular-weight MC decreased as the concentration of
NaCl increased from 0 to 0.4 M [25]. In addition, the gel dissolution temperature,
Teool(G' = G"), also decreased as salt concentration increased, as shown in Fig. 3b.

It has been postulated that the decrease of gelation temperature with the addition
of salts is due to the competitive association of salts with water, and, therefore,
shifting hydrophobic aggregation of MC chains to a lower temperature [25, 40]. The
effect of cations on gelation temperature was minimum which is consistent with
what was found by Alexandridis [26]. However, the significant effect of mole
concentration of anions was not observed. This may be due to the convoluted effect
of both cations and anions which will be further studied in the future.
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Fig. 2 Changes of elastic modulus (G’) and viscous modulus (G”) of 7% MC in KCI solution as a
function of temperature. a Heating curves and b cooling curves

Effect of KCG and salt on rheological behavior of MC solutions

Figure 4 shows heating and cooling curves of elastic and viscous moduli for the
blend of MC and KCG solution. Although the elastic modulus has increased one
order of magnitude compared to MC (Fig. 1), G” is still greater than G’ showed
solution state of the mixture before the onset of gelation of MC [Theal(G' min)l-
Therefore, KCG gelation was not observed for the mixture. After the onset of
gelation, the MC/KCG system rheological properties are very similar to the
rheological properties of MC solution. Indeed, in the MC/KCG mixture, double
gelation was not observed, and KCG is not influenced or disturb the gelation
properties of MC. However, double gelation was observed by Tomsic et al. for the
mixture of 2 wt% MC/KCG (1:1) [37]. Moreover, Tomsi¢ et al. used high-
molecular-weight MC and high concentration of KCG (1%) in contrast to our low-
molecular-weight MC and low concentration of KCG (0.3%) [37]. This may be the
reason that we did not observe the double gelation of the MC/KCG mixture.
However, with the addition of 0.01 M KCI to the mixture, the elastic modulus
increased two orders of magnitude compared to MC solution, as shown in Fig. Sa.
Furthermore, G’ is greater than G” for the entire temperature range studied.
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Fig. 3 Rheological matrices of gelation temperature a Tyeo (G' = G”), TheaIn*Imin), Tiea (G min), and
b gel dissolution temperature, T (G = G”) as a function of salt concentrations
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Fig. 4 Changes of elastic modulus (G') and viscous modulus (G”) of 7% MC + 0.3% KCG as a function
of temperature. Closed symbols—heating curves; opened symbols—cooling curves

Therefore, we observed double gelation at low and higher temperature due to KCG

and MC, respectively. With increasing KCl concentration to 0.04 M KCI, G’
increased more than two-order magnitude compared to MC solution, as shown in
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Fig. 5b. In addition, G’ is greater than G” for the entire temperature range studied
which confirmed the double gelation properties of the mixture. With the addition of
0.1 M KCl, G’ is very close to G” which indicate the weakening of the KCG gel
network, as shown in Fig. 5c. Finally, at a higher salt concentration of KCl
(0.43 M), gelation is very similar to the gelation of MC solution, as shown in
Fig. 5d. This may be because KCG confirmation is different in the presence of low
and high KCI solution. This was also confirmed by Thrimawithana et al. where they
observed that the density of the cross links increased and the subsequence
arrangement/ordering of KCG structure are similar to honeycomb structure, which
increased the mechanical properties of the mixture at 0.12% KCI (w/v) [41].
However, they also observed disruption of the KCG cross-linked structure when
KCl concentration was increased to 0.4% (w/v). Also,

Table 2 showed that the comparison of G’ before and after the onset of gelation
of MC. As we discussed in Figs. 2 and 3, the onset of gelation decreased with
increasing salt concentration, as shown in Table 2 (column 1). The influence of KCI
on MC before the onset of gelation is very minimal base on the G’ data, as shown in
Table 2. However, with the addition of KCI, the maximum G’ of 205 Pa was
observed for the solution of KCG with 0.04 M KCl and then decreased with
increasing KCl concentrations. A gradual decrease of elastic modulus with
increasing KCI concentration showed a weakening of the KCG gel network. In
other words, when the intermolecular interaction begins to breakdown the network
structure which, in turn, the molecules become more and more dispersed and
diminishes their organized network structure. The weakening of KCG gel structure
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Fig. 5 Changes of elastic modulus (G’) and viscous modulus (G”) of a 7% MC + 0.3% in 0.01 M KCl
solution, b 7% MC + 0.3% KCG in 0.04 M KCI, ¢ 7% MC + 0.3% KCG in 0.1 M KCl, and d 7%
MC + 0.3% KCG in 0.43 M KClI solution as a function of temperature. Closed symbols—heating curves;
opened symbols—cooling curves
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Table 2 Comparison of G’ before and after the onset of gelation of MC

Thcal(G,min) Gl(Thcal(G/min) - 10 OC) G,(Thcal(Glmin) + 10 OC)

°C Pa Pa

MC 30 0.3 2

MC in 0.01 M KCI 30 0.3 2

MC in 0.04 M KCI 31 0.3 7

MC in 0.10 M KCI 29 0.5 9

MC in 0.18 M KCI 26 0.6 4

MC in 0.26 M KCI 25 0.5 7

MC in 0.43 M KCI 24 0.3 5

MC + 0.3%KCG 34 6 43

MC + 0.3%KCG in 0.01 M 38 65 267
KCl1

MC + 0.3%KCG in 0.04 M 34 205 472
KC1

MC + 0.3%KCG in 0.10 M 31 38 190
KCl1

MC + 0.3%KCG in 0.18 M 26 8 33
KC1

MC + 0.3%KCG in 0.26 M 25 3 20
KCl1

MC + 0.3%KCG in 0.43 M 21 2 8
KC1

at higher KClI concentration has a very minimal effect on the sol-gel transition of
MC, as shown in Table 2. For example, during MC sol-gel transition [Table 2
(column 3)], the addition of KCG/0.04 M KCI has the highest elastic modulus of
472 Pa then gradually decreased the elastic modulus with increasing KCI concen-
tration. This further confirmed that in MC/KCG/KCI mixture, above 0.1 M KCl salt
concentration did not disturb the gelation properties of these polymers each other.
Nevertheless, KCG in the presence of KCl has great influenced in the gel elastic
modulus during the MC gelation, as shown in Table 2 (column 3).

The onset of gelation, Tyea(G'min), the complex viscosity, Thea(I7%Imin), gelation
temperature, Tpea(G' = G”), and gel dissolution temperature, Toooi(G' = G”), are
summarized in Fig. 6. Data analysis was performed using Minitab 17 package. In
Fig. 6a, b, coefficient of determination (R2) is 0.95, so that more accurate prediction
of ThealG' = G") and Then(In*lmin) can be made from the data. Therefore,
Thea(G' = G") and Thea(In*lyin) transition matrices linearly depend on salt
concentrations and independent of KCG and salt type. Statistically analyzing the
standardize residual plots, two points (7% MC + 0.3%KCG in 0.17 M NaCl and
7% MC + 0.3%KCG in 0.01 M NaCl) for Tpea(G' min) and three points (7%
MC + 0.3%KCG in 0.01 M KCl, 7% MC + 0.1%KCG in 0.01 M KCI, and 7%
MC + 0.1%KCG in 0.1 M KCl) for T, (G' = G") show the outlier for the linear
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Fig. 6 Rheological matrices of gelation temperature a Tyeo(G' = G”), b TheaIn%Imin) € Theal(G min), and
d gel dissolution temperature, T, (G' = G”) as a function of salt concentrations for 7% MC in salt
solutions, 7% MC + 0.1% KCG in salt solutions, and 7% MC + 0.3% KCG in salt solutions

regression. Removing outliers from those plots, R? increased from 0.83 to 0.85 and
0.81 to 0.89, respectively, as shown in Fig. 6c¢, d.

The structure and properties of the polymer solution can be studied by accessing
a wide-frequency range of a polymer material. Figure 7 illustrates the G’ and G” of
MC/KCI salt solution for various temperatures. As shown in Fig. 7al, G” is greater
than G’ and depends on angular frequency, i.e., G" ~ 0*’, G' ~ »"? showed a
pseudo fluid-like behavior of MC solution, which deviates from typical fluid-like
behavior, i.e., G’ ~ o' and G’ ~ > This indicated that there were microstruc-
tures of polymer, such as associations, at temperatures below gelation temperature.
This is consistent with Desbrieres work, where pseudo fluid-like behavior was
found, G’ ~ ©%° and G ~ '’ [42]. As the temperature increased, MC solution
became gel, the cross-over frequency shifted to higher frequencies and eventually
disappeared out of the detectable range above 55 °C, as shown in Fig. 7a2.
Furthermore, G’ and G” became less dependent on the angular frequency. With the
addition of 0.04 M KCl, both moduli show similar pseudo fluid-like behavior at a
lower temperature and slightly increase of moduli at a higher temperature, as shown
in Fig. 7bl, b2, respectively. However, with the incorporation of 0.43 M KCl, the
cross-over frequency, G’, and G” shifted to a higher value, as shown in Fig. 7c1, c2.
As we discussed in the previous section, increasing salt concentration, gelation
temperature of MC decrease also confirmed with the dynamic frequency sweep data.

Figure 8al, a2 shows the examples of the frequency dependence of G’ and G” of
MC/KCG mixture before and after gelation of the MC. At low temperature, G’ is
greater than G” and the cross-over frequency decreasing with increasing temper-
ature shows some elastic behavior of MC/KCG mixture, as depicted in Fig. 8al.
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Fig. 7 Elastic modulus (G'—closed symbols) and viscous modulus (G”—opened symbols) of (al-a2)
7% MC, (b1-b2) 7% MC in 0.04 M KCI solution, and (c1-¢2) 7% MC in 0.43 M KCI solution as a
function of angular frequency

However, as shown in our temperature sweep data, for the same mixture, G’ is
smaller than G” at low temperature which confirms the viscous behavior of the
mixture. During MC gelation, the cross-over frequency, G’, and G” shifted to higher
value which shows some influence of KCG, as illustrated in Fig. 8a2. However,
with the addition of 0.04 M KCI to the blend of KCG and MC, the cross-over
frequency, G’, and G” further shift to higher values which confirm the highly elastic
behavior of the blend, as shown in Fig. 8bl, b2. Therefore, at this concentration,
double gelation was observed at lower and elevated temperature due to KCG and
MC, respectively, which also confirmed from our dynamic temperature sweep data.
Figure 8cl, c2 shows examples of the frequency dependence of G’ and G” of MC/
KCG/0.43 M KCIl mixture before and after gelation of the MC. These data
confirmed that the gelation properties are very similar to the gelation properties of
MC solution with slightly increase moduli value due to KCG.

Figure 9 shows steady shear viscosity of 7% Al5 solution for various
temperatures. At temperatures less than 30 °C, the shear viscosity was independent
of shear rates at shear rates less than 10 1/s showing a Newtonian fluid. A shear
thinning behavior was observed at higher shear rates which are typical for polymeric
solutions. At 35 °C, shear thinning was observed throughout the measured shear rate
range which indicated the gelation phase of MC solution. Many authors have used
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Fig. 8 Elastic modulus (G'—closed symbols) and viscous modulus (G”"—opened symbols) of (al-a2)
7% MC + 0.3% KCG, (b1-b2) 7% MC + 0.3% KCG in 0.04 M KCI solution, and (c1-¢2) 7%
MC + 0.3% KCG in 0.43 M KClI as a function of angular frequency

sharp increase of viscosity to identify the gelation temperature [12, 37]. Time—
temperature superposition (TTS) was used to shift the viscosity data of 7% MC and
7% MC with 0.1 M KClI, as shown in Fig. 10. A gelation temperature, T, occurred
where TTS failed, which can be derived from the data in Fig. 10. TTS failed for the
solution of the blend of MC and KCG especially at low shear rate at all temperatures
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Fig. 9 Shear rate dependence of shear viscosity of 7% MC for various temperature
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Fig. 10 Master curves of shear viscosity at a reference temperature of — 5 °C as a function of reduced
shear rate for a 7% MC solution and b 7% MC in 0.1 M KClI solution

measured, as shown in Fig. 11. In addition, the Newtonian region at low shear rates
disappeared, and shear thinning was observed. This indicated that a gel-like
structure had formed at low temperatures before the evident sharp increase of
viscosity which was dominated by the gelation of MC. This gel-like structure at low
temperatures was likely caused by the addition of KCG. The gelation transition of
the solutions of MC/KCG was identified as a sharp increase of viscosity, as shown

in Fig. 11.
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Fig. 11 Master curves of shear viscosity at a reference temperature of — 5 °C as a function of reduced

shear rate for 7% MC + 0.3% KCG solution
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Fig. 12 Master curves of shear viscosity at a reference temperature of 0 °C as a function of reduced
shear rate for a 7% MC + 0.3% KCG in 0.10 M KClI solution, b 7% MC + 0.3% KCG in 0.26 M KCl
solution, and ¢ 7% MC + 0.3% KCG in 0.43 M KCI solution

With the addition of low concentration of KCI (0.1 M), the shear thinning slop is
significantly higher than that of MC/KCG without salt, as shown in Fig. 12a. The
gelation transition dominated by MC was less evident in this mixture which was
hypothesized due to the strong gelation nucleated by the optimal mixture of KCG/
KClI at low temperatures. At higher KCIl concentrations, TTS works for viscosity
spectrum at low temperatures and the gelation temperature, Tgel, decreased with
increasing KCl concentrations, as shown in Fig. 12b, c. These results confirmed that
the gelation temperature of MC/salt solution as a function of salt concentration
followed the same linear relationship with the addition of KCG. However, the gel
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structure of MC/KCG/KCI solutions was dependent on the concentration of KCI
which was indicated by the rheological signature of these solutions.

Conclusion

In this study, we present the dynamic and steady shear rheological results on
thermoreversible gelation of MC/salt, MC/KCG, and MC/KCG/salt mixtures. It was
found that for the MC/salt mixture, gelation temperatures decreased linearly with
increasing salt concentrations independent of valences of cations and molar
concentrations of anions. For the MC/KCG blend, double gelation was not
observed, and KCG is not influenced or disturbed the gelation properties of MC.
Double gelation was observed for the mixture of MC/KCG/KCI for the low
concentration of salts of 0.01 M KCl and 0.04 M KCI with the maximum moduli
values for the mixture of MC/KCG/0.04 M KCI and then gradually decreased with
increasing KCI salt concentration and eventually became similar to the gelation of
MC solution. Therefore, KCI concentration played a major role in double gelation
properties of MC/KCG/KCI mixture. It was also found that for the MC/KCG/KCl
system, gelation transition matrices are linearly depending on salt concentration and
independent of KCG and salt type. It was shown that for MC/salt mixture, solution
rheology follows the principle of time—temperature superposition below the gelation
temperature. However, TTS failed above the gelation temperature. TTS also failed
for MC/KCG and MC/KCG with low KCI concentrations mixtures.
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