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Some Rheological Properties of Sodium Caseinate  —Starch Gels
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The influence of sodium caseinate on the thermal and rheological properties of starch gels at different
concentrations and from different botanical sources was evaluated. In sodium caseinate—starch gels,
for all starches with the exception of potato starch, the sodium caseinate promoted an increase in
the storage modulus and in the viscosity of the composite gel when compared with starch gels. The
addition of sodium caseinate resulted in an increase in the onset temperature, the gelatinization
temperature, and the end temperature, and there was a significant interaction between starch and
sodium caseinate for the onset temperature, the peak temperature, and the end temperature.
Microscopy results suggested that sodium caseinate promoted an increase in the homogeneity in
the matrix of cereal starch gels.
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INTRODUCTION rheological properties of food systems and to provide an
alternative for the development of new products. The present
work aimed to provide the basis for future research focused on
the choice of starches in the formulation of dairy products. Some
rheological properties of starch-sodium caseinate gels were

gagt% rr]n'ghfggdbggam??“% n,gn'gr;s;é;gtproteﬂps (ilr?/zacrgt]gg?e evaluated by comparing starches from different botanic sources
Y growing ov y X protel at several concentrations.

polyssacharide system, the interactions between macromolecules

are usually governed by phase separation phenomena an

thermodynamic interactions (6). Consequently, the pH in the %ATERIALS AND METHODS

system, the presence of salts, the sugar content, the processing Sample Preparation. Starch samples from different botanical
temperature, the thermal history of the sample, the molecular sources (cassava, potato, Amylomais corn, waxy corn, and wheat) were
weight and chain length of polymers, and the substitution of Provided by Penford (Englewood, CO). Rice starch and sodium
functional sites (2) play a decisive role in these interactions. Caseinate were supplied by Sigma (St. Louis, MO).

. . A 10% sodium caseinate solution was prepared under constant
Starch is the polysaccharide most commonly used to produce 0 prep

. . . : agitation at 40°C and was hydrated at & overnight.
the protein—polysaccharide gels used in the food industry. In "~ cpemical Analysis. Samples were equilibrated under vacuum

the dairy industry, the use of starch in the formulation of some ¢ongitions using saturatecd€0; solution. The final moisture contents
dairy prOdU_Ctsl has |mpr0ved. their texture and viscosity and of all of the samples were constant. The values were in a range from
promoted significant cost savings. Interactions between starch11.5 to 12%, according with each sample. Moisture contents of samples
and milk proteins are expected to have great influence on the were measured using AOAC method 925.89 These samples were
rheological properties of food systen®),(markedly changing  used for all analyses and to prepare the gels.

the gel network structure and the rheological profdg. (The The protein levels in the starch samples were estimated according
thermomechanical properties and the permeability of films made t© AACC method 46-30 by nitrogen combustion (%N5.70) @). The

from blends of soluble staretsodium caseinatepolyols have amylose/amylopectin ratios were determined using a Megazyme assay

S - - - - . Kit (Am/Amp 7/98) (Megazyme International Ireland Ltd., Wicklow,
1?odrllga(tse)d potential use in food, packaging, or coating applica Ireland). Starch samples were defatted using an accelerated solvent

extractor (ASE200, Dionex Corp., Sunnyvale, CA), with 2-propanol/

Despite the fact that starch and casein are involved in many water 3:1, at 100C for 20 min (9), repeating this cycle three times.
food formulations, few studies about their interactions have been  The phosphorus, calcium, sodium, potassium, and magnesium
done. The understanding of the caseirat@rch interactions  contents of the samples were determined using inductively coupled
is an important tool that could be used to manipulate the plasma-atomic emission spectroscopy (ICP-AE$J) These analyses
were performed on samples before and after defatting.

* Address correspondence to this author at EMBRAPA Food Technology Rheological Measurements.The starch samples, at several con-
Av. das Américas 29501, Guaratiba 23020-470, Rio de Janeiro, RJ, Brazil SENtrations (3, 5, and 7% wiw for cassava, potato, and waxy corn
(telephonet+55 21 2410 9574; fax-55 21 2410 1090; e-mail bertolin@ starches and 5, 7, and 9% w/w for corn, wheat, and rice starches), were
ctaa.embrapa.br). suspended in 10 mL of distilled and deionized water or sodium caseinate

In the food industry, polysaccharides are largely used as
gelling agents, emulsifiers, and stabilizers, to modify food
texture, films, and coating4d (2). Because of their wide appli-
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Table 1. Composition of Starch Samples Used in the Experiments Table 2. Mineral Composition of Starch Samples
% dry basis mg/kg of starch, dry basis
total dietary starch P Ca K Mg Na

starch pH  amylose ash fat N fiber starch potato 366 98 925 40 38
potato 6.42 17.2 032 027 0.08 0.25 96.69 defatted potato 808 93 861 39 0
cassava 5.67 15.6 016 018 0.14 0.24 96.66 cassava 111 422 372 86 54
waxy comn  5.93 12 005 018 0.22 0.13 97.93 defatted cassava 93 410 181 55 0
com 583 220 007 073 043 0.27 95.66 waxy com 33 30 59 39 113
wheat 5.74 23.7 021 077 042 0.49 92.59 defatted waxy comn 29 29 63 37 94
rice 6.36 15.2 023 100 0.76 0.47 95.88 corn 209 27 62 33 87
defatted corn 53 32 57 31 71
wheat 686 77 174 42 379
. . . defatted wheat 119 75 66 29 94
solution. T_he caseinate/starch ratio usgd was _1:1 (w/w) for all starch e 483 52 136 70 746
concentrations. Samples were placed in an oil bath at®®or 90 defatted rice 144 28 9% 70 463
min, under gentle agitation. caseinate 7086 179 ND# 28 12733

The rheological measurements were performed using a Parr Physica

UDS 200 Universal Dynamic spectrometer (Physica, Stuttgart, Ger-  apngt detectable.
many), at 70°C. The flow behavior and viscoelastic modulus curves
were obtained using the conplate geometry (cone, 75 mm; angle, = starches (Table 2). This is in agreement with evidence that the
f2 )- The V|scoela?tlc mg’gg'tjsl"éas m_f_’sSl:Ired t?thl/o' amplitude over S‘phosphorus in cereal starches is associated with the lipis (
requency sweep trom 5.9- 1o z. The Tow behaviorwas measured piat starch has the highest potassium contents, and the corn
at shear rates of 2610° and 16—-10° s™*. ’ )

4 and waxy corn starches had the lowest ones. The potassium

Pasting Profile. The starch pasting viscosity and the pasting an .
final temperatures were measured with a Rapid Visco Analyzer (RvA) contents of the wheat and rice starches were also lower for the

(Newport Scientific, Warriewood, Australia). Starch samples (2.0 or defatted samples, suggesting that, in these starches, potassium,

2.5 g, dry basis) were dispersed in 28 g of distilled and deionized water like phosphorus, might be associated with the lipids. Cassava

or sodium caseinate solution. The samples were homogenized at 960starch had the highest calcium content.

rom. The temperature profile started with holding for 1 min at60 Viscosity and Viscoelastic PropertiesThe results of viscos-

heating to 95°C over 4 min, holding at 95C for 3 min, and cooling ity and viscoelastic behavior are interpreted, with an exploratory

to 50°C over 4 min._ All m_easure_ments were performed in triplicate. approach, as a general trend of starch samples used in these
Thermal Properties. Differential scanning calorimetry (DSC)  oyheriments. The results suggest that, with the exception of

measurements of the starch samples were performed with a Pyris-1 -

Thermal Analytical System (Perkin-Elmer, Norwalk, CT). Samples were pﬁtato St?rCh(Ttgu.re 1), the Srt]orage dmodulu@() OI S‘?‘mp'es ti
weighed in steel pans, and distilled water or sodium caseinate solution S 1OWS & rénd 1o increase when sodium caseinate I1s present in
was added (10 mg of starch, dry basis, toi200f water or sodium the gel composition. This effect seems to be clear, mainly for

caseinate solution) before sealing. The sealed pans were equilibratedice (Figure 2) and wheat starches, at the lower starch
overnight at 2C and then heated from 25 to 18C at a heating rate concentrations. This would suggest that, for these samples, the
of 3 °C/min. Indium was used for calibration, and an empty pan was viscoelastic properties of the sodium caseinate are more
used as a reference. Enthalpy changeld)( the gelatinization onset important in the systems with low starch concentratidigure
temperature (dhse), the gelatinization rangeT{ — Ty), and the peak 3 shows the ratio of' of sodium caseinatestarch toG' of
temperature (Ja) were calculated automatically. _ starch, at a frequency of 1 Hz (values close to 1 suggest no or
i s VA gt o7 e ot cranges on scolasc moduls) These et sugges
' ' ) that the effect of sodium caseinate on viscoelastic behavior is

analyzed for peak viscosity, final viscosity, and peak temperature. The . .
DSC data were analyzed for enthalpy, temperature of gelatinization, not the same in all starches. It seems that rice and wheat starches

peak temperature, peak start temperature, and peak end temperaturéNOW similar behaviorsHigure 3), suggesting an increase of
Al statistical analyses were performed using the Statistical Analysis the storage modulus in the presence of sodium caseinate at lower

System (v. 8.1, SAS Institute, Cary, NC). concentrations. This trend was not very clear at starch concen-
Microscopy. Starch gels at 10% (w/w) were prepared by suspending trations of 7 and 9%.

starch samples in 10 mL of distilled and deionized water or 10% sodium  Conversely, for cassava starch, the effect of sodium caseinate

caseinate solution. Samples were placed in an oil bath &€90r 90 on the viscoelastic properties of gels seems to be stronger at

min, under gentle agitation. _ high concentrationsFigure 3). This could have been due to
After cooling at room temperature, slices of geisl(mm) were  hq |ower natural viscosity and viscoelastic modulus of cassava

placed in glass slides and observed using an Olympus light MICIOSCOPE. 4o rches, which were at the threshold of detection at the lower

model BX60 (Olympus Optical Co. Ltd., Nagano, Japan). Final images T L . .

concentration. However, it is not clear if there are differences

were obtained with a 49 objective and were recorded with a camera | . . .
Spot, RT Slider, model 2.3.0 (Diagnostic Institute, Sterling Heights, 1N the storage modulus after the addition of sodium caseinate

MN) connected to the computer. on normal corn and waxy corn starches. For potato starch,
opposite to the behavior of the other starches, the results suggest
RESULTS a decreasing storage modulus in the presence of sodium
Sample Composition As expected, the protein contents were caseinate, mainly at low starch concentrations.
higher in the cereal starcheBable 1) and were not significant Flow Behavior. As for the viscoelastic properties, the results
in the potato, cassava, and waxy corn starches. Corn and wheaFigure 4) suggest some differences in flow behavior between
starches presented the highest amylose content valabie(1). starch gels and sodium caseinastarch gels. Gels with sodium

The mineral content analysis showed that potato starch, caseinate seem to show an increasing viscosity on wheat and
followed by wheat starch, had the highest phosphorus content.rice starches. The results suggest that the effect of sodium
The phosphorus content in the defatted potato starch was closeaseinate on the gel viscosity for wheat and rice starch gels
to that in the unfatted sample, whereas the phosphorus contentvas greatest at lower concentrations (5%), particularly at low
decreased in the defatted samples for the corn, wheat, and riceshear rates (1073). At high shear rates (1009, it seems the
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Figure 1. Storage modulus during frequency sweep in samples at 70 °C of potato starch and sodium caseinate—potato starch at different
concentrations: A, potato starch gel at 7%; a, sodium caseinate—potato starch gel at 7%; O, potato starch gel at 5%; M, sodium caseinate—potato
starch gel at 5%; O, potato starch gel at 3%; @, sodium caseinate—potato starch gel at 3%.
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Figure 2. Storage modulus during frequency sweep in samples at 70 °C of rice starch and sodium caseinate—rice starch at different concentrations:
A, rice starch gel at 9%; A, sodium caseinate—rice starch gel at 9%; O, rice starch gel at 7%; M, sodium caseinate—rice starch gel at 7%; O, rice starch
gel at 5%; @, sodium caseinate—rice starch gel at 5%.

effect of sodium caseinate on the viscosity was lower (data not corn, and waxy corn starches at different concentrations seems
shown). This suggests that sodium caseinate contributed toto have the same effect at shear rates of 10 and 180 s
improve the gel strength but that this structure was easily broken Potato starch results suggest a different trend of viscoelastic
(the gel was more brittle) with an increase with shdaggre behavior from the other starches. The results suggest that the
5). Conversely, in gels at high starch concentrations (9%), the viscosity decreased when sodium caseinate was added to the
contribution of sodium caseinate to the gel viscosity was greater system, and this effect seems to be strongest at lower concentra-
at high shear rate (1005. These results suggest an interaction tions (Figure 4).
between concentration and shear rate that plays an importantrole  RVA Results. The RVA results showed significant differ-
in the rheological properties of sodium caseirattarch gels.  ences between samples with and without sodium caseinate and,
Cassava, normal corn, and waxy corn starch curves suggests expected, between the starchieab{e 3). The peak viscosity
that the viscosity increased in the sodium caseinstarch can be interpreted as the maximum apparent viscosity of a starch
systems, especially at higher concentratioRigre 4). The solution during the gelatinization process. Starches with low
effect of caseinate on the viscosity of cassava starch gels seem8pid contents, such as starches from roots and tubers, are
to be accentuated at low shear rate. In contrast to the rice andexpected to have faster solubilization and higher swelling
wheat starches, the addition of sodium caseinate to the cassavayotential.
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G ratio Table 3. Average of Rapid Visco Analyzer Parameters for Starches
(caseinatestarch . o with and without Sodium Caseinate and Their Significance Levels for
) g . ; .
8 : the Starch, Caseinate, and Their Interactions
71 8 peak viscosity final viscosity peak temp
6 | A (RVU)? (RVU)? °C)
5 A starch/treatment APVP AFVb APTb
4 waxy corn 244 115 80
3 waxy corn caseinate 393 149 208 93 83 3
potato 760 261 72
2 potato caseinate 389 =371 362 101 95 23
1 cassava 281 168 88
0 cassava caseinate 403 122 287 119 91 3
wheat 122 131 95
-1- wheat caseinate 148 26 269 138 95 0
2 3 4 5 6 7 8 9 10 corn 141 140 95
. corn caseinate 206 65 328 188 95 0
Concentration (wiw) rice 9 159 95
Figure 3. Effect of sodium caseinate on the storage modulus of gels rice caseinate 123 27 251 92 95 0
with different starches at several concentrations, measured at a frequency P levelse
of 1 Hz: @, rice starch; A, wheat starch; O, cassava starch; A, waxy starch <0.001 <0.001 <0.001
corn starch; @, corn starch; O, potato starch. caseinate 0.0308 <0.001 <0.001
starch x caseinate <0.001 <0.001 <0.001
Viscosity ratio
st‘:f::,‘;:';h) 3,0 .. aRapid Visco Analyzer units. ® APV, AFV, and APT indicate differences
e between sodium caseinate—starch and starch systems for peak viscosity, final
25 A U viscosity, and peak temperature, respectively. ¢ Significance levels (P > F values)
T in RVA means for different starches, samples with and without sodium caseinate
2,0 o and their interactions.
[ S 4
15 - A S A that sodium caseinate plays a major role in the speed of starch
A granules swelling and that this effect is observed mainly in
10 * . - . e
/ starches with high amylopectin and low lipid contents.
o5 .0 Sodium caseinate also increased the final paste viscosity,
’ o suggesting a reduction in syneresis during retrogradation and
00 - o cooling. These changes in final viscosity were greatest in corn

2 3 4 5 6 7 s s 10 starch, followed by wheat starch and cassava starch.

concentration (w/w)

Figure 4. Effect of sodium caseinate on the viscosity of gels with different
starches at several concentrations at a shear rate of 10 s™1: @, rice
starch; A, wheat starch; O, cassava starch; A, waxy corn starch; @,
corn starch; O, potato starch.

Thermal Properties. In DSC analysis, the samples containing
sodium caseinate showed a decrease in the enthalpy of
gelatinization. Statistical analysis from DSC data showed that
there is no significant interaction between starch and sodium
caseinate addition, suggesting that sodium caseinate addition

had the same effect in decreasing the enthalpy for all starches
Caseinate addition promoted a significant increase in the peak(Table 4).
viscosity for all starches, with the exception of potato starch,  Significant interactions between starch and sodium caseinate
which had a decrease in peak viscosifyalfle 3). That the were observed for the gelatinization onset temperature, the peak
viscosity increased in the samples with sodium caseinate temperature, and the end temperatdigb{e 4). In samples with
addition supports the idea that suggests that limitation of water sodium caseinate addition, a shift in the gelatinization peak was
as a result of soluble nonstarch polysaccharide hydration canobserved, with increases in the onset temperature, the peak
restrict starch gelatinization (12). gelatinization temperature, and the end temperature, in agree-
The increases in peak viscosity for the samples with sodium ment with the results obtained by Erdogdu et &B)(for caseir-
caseinate addition were markedly greater for the waxy corn andwheat starch samples.
cassava starches, followed by corn starch, whereas the viscosity Changes in the gelatinization onset and peak temperatures
increases were smaller for the rice and wheat starches. Thesappeared to be higher in cereal starches, even if the changes
results might suggest that the presence of sodium caseinate irdid not always follow this trend. In contrast to the wheat and
the solution not only interferes in the starch swelling but also rice starch samples, the endothermic peak at XDQrelative
causes a reduction in leached amylose. It has been observedo the complex amyloselipid in the cereal starch samples) was
that, in waxy corn starch, more-glucan is leached in the not observed in the sodium caseinastarch samples. However,
presence of nonstarch polysaccharides than in water systemst is not clear whether these results were not, at least in part,
(12). This could explain the greater effect of sodium caseinate caused by a dilution effectL8). It has been reported that the
addition on the peak viscosity of the cassava and waxy corn changes in the thermal behavior of starch caused by the addition
starches, compared with the corn, wheat, and rice starches. of nonstarch polysaccharide solution to the starch is markedly
Sodium caseinate did not change the temperature of the pealhigh at starch/solvent ratios of 1:10 (or above) and that the end
pasting viscosity for the cereal starches. Conversely, for the temperature increases as the nonstarch polysaccharide concen-
cassava and waxy corn starches, an increas€©fiB the peak tration increases in the system (12).
temperature was observed in systems with sodium caseinate. Microscopy. Microscopy of the starch and sodium caseinate
For potato starch, the presence of sodium caseinate increasedtarch gels showed different results for cereal starches and waxy
the peak pasting temperature by“@3(Table 3). This suggests  corn, cassava, and potato starches.
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Figure 5. Shear of rice starch gels during a shear rate sweep at 70 °C (from 10° to 103 s—* and from 10° to 10° s~) T, rice starch gel at 7%; M, sodium
caseinate-rice starch gel at 7%.

Table 4. Average of DSC Parameters for Starches with and without Sodium Caseinate and Their Significance Levels for the Starch, Caseinate, and
Their Interactions

starch/treatment AH2 (Jlg) Tonset® (°C) Trea® (°C) T123(°C) T2 (°C) .- Ti2(°C)
waxy corn 16.65 62.7 67.0 50.5 85.5 35.0
waxy corn caseinate 12.85 66.6 714 57.0 85.1 28.2
potato 18.37 58.1 61.7 50.0 76.5 26.5
potato caseinate 13.54 60.4 64.3 53.4 74.6 211
cassava 15.60 61.4 66.4 52.1 85.8 33.7
cassava caseinate 11.62 65.1 70.5 58.8 89.1 30.3
wheat 10.94 54.8 59.5 457 74.6 28.9
wheat caseinate 5.85 59.2 63.3 51.6 80.5 28.9
corn 14.67 64.1 67.4 55.7 83.1 275
corn caseinate 9.58 675 71.9 62.9 84.2 21.3
rice 10.98 57.0 64.0 495 82.1 32.7
rice caseinate 8.12 62.6 68.3 53.9 86.5 327
P levels?
starch <0.001 <0.001 <0.001 <0.001
caseinate <0.001 <0.001 <0.001 <0.001
starch x caseinate ns¢ 0.0042 0.0013 <0.001

@ AH = enthalpy change, Tonset = gelatinization onset temperature, Tpeax = peak temperature, T; = peak start temperature, T, = peak end temperature, T, = Ty =
gelatinization range. ® Significance levels (P > F values) in DSC value means for different starches; samples with and without sodium caseinate and their interactions.¢ Not
significant.

Homogeneous matrices were observed in the gels from potato,starch and its lower gelatinization temperature would result in
cassava, and waxy corn starches, with no apparent differencea homogeneous matrix (14).
from the gels with sodium caseinate additiéfigure 6A—F). In gels of cereal starches, the presence of sodium caseinate
~ The matrix was not as homogeneous in the gels from com, gppeared to contribute to the formation of a homogeneous
rice, and wheat starches (Figure 6G,1,K) as in the gels from mayix even if the gelatinization temperature increased when

cassava, waxy corn, and potato starcltégure 6A,C,E). For sodium caseinate was present in the system.
those samples, the addition of sodium caseinate promoted the
formation of a homogeneous matrix (Figure 6H,J,L). DISCUSSION

The nonhomogeneous matrix could have been due to an

incomplete gelatinization in the cereal starches, as a consequence In this work, the rheological behavior of sodium caseinate—
of the limitation of swelling and the high gelatinization starch systems was related to the contribution from the starch.
temperature because of the presence of lipids. Microscopic This has been previously shown for systems formed from
observations during starch gelatinization/melting at low moisture modified starch, caseinate, and calciutB)and in systems with
contents (400 g/kg) have shown that corn starch results in acasein and starch4). In fact, in complex systems, such as
non homogeneous matrix with faster dehydration when com- béchamel sauces, the rheological properties exhibited are
pared with cassava starch4(). The faster swelling of cassava markedly similar to those of staretwater systems and the
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Figure 6. Light microscope images of starch and sodium caseinate—
starch gels: A, potato starch gel; B, sodium caseinate—potato starch gel;
C, cassava starch gel; D, sodium caseinate—cassava starch gel; E, waxy
corn starch gel; F, sodium caseinate-waxy corn starch gel; G, corn starch
gel; H, sodium caseinate—corn starch gel; |, rice starch gel; J, sodium
caseinate—tice starch gel; K, wheat starch gel; L, sodium caseinate—
wheat starch gel.
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(15) have been reported. Waterheat starch sodium caseinate
systems presented viscoelastic behavior similar to that of the
water—wheat starch system, but had lower elasticit§)(
Conversely, it has been reported that the viscosities of waxy
corn starch and corn starch increase with sodium caseinate
addition (3).

Despite these conflicting results, it seems clear that changes
in the viscoelastic properties of the systems can be attributed to the
limitation of starch swelling and gelatinization by sodium casein-
ate addition (1617), as for most nonstarch polysaccharides (12).
The effect of sodium caseinate on starch swelling seems to be
as marked as the water is restricted in the syst&?) &nd is
more evident in starches with high amylose contdi®)(

A three-phase system (starch, nonstarch polysaccharide, and
water) has been proposed by Tester and Sommentift {n
which a potential dynamic interchange in the water molecules
between different polymers would occur rather than a relative
exclusion of different polymers from each other. In these
systems, at a starch/water ratio of 1:1, the gelatinization is
incomplete and the residual order depends on the botanical origin
of the starch. The addition of nonstarch polysaccharides to
starch—water systems limits the hydration of the starch and, as
water has a plasticizing effect in amorphous regions of the
starch, the mobility of the plasticizer is also restricted. Thus,
the nonstarch polysaccharides might have an “anti-plasticizing”
effect (12).

As the swelling behavior of the starches was the main factor
that was altered in these systems, it is expected that factors
related at the botanical origin of starch responsible for starch
swelling, such as amylose/amylopectin ratio, molecular weight
of amylose and amylopectin, their distribution on the granule
starch, lipid content, minor components (such as minerals and
salts), granule size, and affinity of starch for water should play
an appreciable role in changes promoted by the sodium
caseinate. However, the contribution of sodium caseinate to the
rheological properties of starch gels is strongly related to the
concentration and the botanical origin of the starch.

Potato starch swells more readily and distinctly than corn,
waxy corn, cassava, mung bean, rice, sweet potato, and wheat
starches, resulting in high leaching of the amorphous material
from the starch granule to the solutiob9). This is attributed
to the granule size and its amylopectin/amylose ratio, but the
phosphorus content is also expected to play an important role
in the swelling power of potato starch@&2(-24). Potato starches
are also unique in having a significant concentration of
phosphate ester groups that are covalently bound at the C3 and
C6 positions to their amylopectin moleculeX0}. Long-chain
units are more substituted than shorter chain units, and it has
been suggested that substitution of position C6 is more
pronounced in the amorphous region (21). It has also been
suggested that extreme starch phosphate contents could result
in low peak viscosities because of particle dissociation as a result
of significant electrostatic repulsion between monoesterified
phosphate groups (21).

It is important to consider the amounts of sodium and
phosphorus added into the systems with the addition of sodium
caseinateTable 1). Kelly et al. 25) suggested that the decrease
in the viscosity of sodium caseinatpotato starch systems might
be attributed to the presence of associated ions. These authors

viscoelastic moduli change according to the starch used in thereported that the addition of sodium chloride to the systems

formulation (16).

resulted in a reduction in the viscosity of potato starch, but had

A decrease in the storage modulus of water—starch—caseinno significant effect on cassava, wheat, maize, sago, and rice
systems (16.17) and a decrease in both the storage and the starches, in agreement with our results. Changes in the viscosity
loss moduli in water-modified starefsodium caseinate systems properties of potato starch have also been correlated to divalent
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and monovalent ion contents and to the calcium/magnesium/ (10) Anderson, K. A. Micro-digestion and ICP-AES analysis for

phosphorus ratio22, 24, 25). Divalent cations, such as €a determination of macro and micro elements in plant tissées.

or Mg?*, suppress the swelling of potato starch granules by Spectrosc1996,17, 30-33. _ .

forming complexes between phosphate groups and these cations(1) g"‘?rgggg' E;N-lR-lé-'p'ds in cereal starches: a revidwCereal

(22). Nevertheless, it seems that the effect on the viscosity is (12) Tgéter R’ 'F '_So'mmerville M. D. The effects of non-starch

dependent on the concentration, as well as on the ratio of oY o L -

divglent/monovalent cations. Addition of €aas well as Mg* polysalcchanr?eds Cl’” the fEXtent of gedlatlnrl]zatlon, s\/\;]eu.ngc;j and
) . i o-amylase nyadro ysis of maize and wheat starchéso

and N&, to caseinate—starch systems promotes changes in the Hydrocolloids2003,17, 41-54.

viscoelastic properties, resulting in a phase inversion according (13) Erdogdu, N.; Czuchajowska, Z.; Pomeranz, Y. Wheat flour and

to the C&" concentration (15). Despite the idea that this defatted milk fractions characterized by differential scanning
interaction would be specific to the anionic properties of potato calorimetry. Il. DSC of interaction product§ereal Chem1995
starch (25,26), the nature of the bonds involved in this 72, 76-79.

interaction is not clear. The presence of non-covalent hydrogen (14) Bertolini, A. C.; Mestres, C.; Lourdin, D.; Della Valle, G.;
interactions (4) or chemical bond€€) between starch and Colonna, P. Relationship between thermomechanical properties

and baking expansion of sour cassava staRidi:flho azedo).
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