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The aim of this work was to study the interaction between gelatin and casein glycomacropeptide (CMP) in the
dynamic of gelation and the textural and microstructural properties of the mixed gels. Size particle, dynamic of
gelation and textural and microstructural properties of CMP, gelatin and CMP-gelatin systems at pH 3.5 and
pH 6.5 were determined. Size particle of gelatin increased by decreasing temperature from 35 °C to 5 °C, while

no differences were observed in the size particle of CMP. At pH 6.5 the critical gelling concentration of gelatin
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was 1.5% and CMP did not gel, but the behavior of mixed systems was similar to gelatin. The more relevant result
was observed at pH 3.5 since at concentrations in which CMP and gelatin did not gel on its own, the mixed
systems gelled suggesting a synergistic effect.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Casein glycomacropeptide (CMP) is the hydrophilic part of k-casein
obtained by the hydrolysis with chymosin during cheese manufacture.
Whey proteins are widely recognized as great functional components
in many processed foods because of their high nutritional value and
unique physicochemical properties (Singh, 2004) that have been mainly
attributed to 3-lactoglobulin and bovine serum albumin. However, next
to p-lactoglobulin, a-lactalbumin and bovine serum albumin, CMP is
the most abundant protein/peptide in whey products. The formulation
of foods containing CMP would be of an additional great interest
because of its beneficial biological and physiological properties (Choi,
Sabikhi, Hassan, & Anand, 2012; Maubois, 2008). CMP is rich in
branched-chain amino acids and low in Met, which makes it a useful in-
gredient in diets for patients suffering from hepatic diseases (El-Salam,
El-Shibiny, & Buchheim, 1996). The fact that CMP has not Phe in its
amino acid composition makes it suitable for nutrition in cases of phe-
nylketonuria. CMP supplementation also increased zinc absorption
(Kelleher, Chatterton, Nielsen, & Lonnerdal, 2003). Several bioactive
functions of CMP have been attributed to the sialic acid content of
CMP. Large amounts of this carbohydrate contribute to the functioning
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of cell membranes and membrane receptors and to normal brain
development (Thoma-Worringer, Serensen, & Lé6pez Fandifio, 2006).
Additionally, CMP inhibits the binding of cholera toxins to their oligo-
saccharide receptors on cell walls and protects cells from infection by
influenza virus (Brody, 2000; Manso & Lépez Fandifio, 2004).

Regarding technological characteristics CMP is a peptide with an im-
portant surface activity (Martinez, Carrera Sanchez, Rodriguez Patino, &
Pilosof, 2009) and is present as monomer in solution at pH above 6.5
and undergoes a pH dependent self-assembly and gelation at room tem-
perature as follows (Farias, Martinez, & Pilosof, 2010): i) by decreasing
the pH below 6.5 dimmers formation would occur by hydrophobic
bonds which are stables to pH changes; ii) below 4.5 the self-assembly
by electrostatic interactions can proceed to form gel structure over time
depending on the concentration. A model to explain this behavior was
proposed in this previous work (Farias et al,, 2010).

Gelatin is a linear polypeptide with a typical molecular weight of
100-200 kDa obtained from denatured collagen and is widely used in
food, cosmetic, and photographic industries (Keenan, 2012). The inter-
est in food is because of its gel strength, viscosity (Wainewright, 1977)
and surface activity (Domenek et al., 2008; Lin, Wu, & Tsao, 2003;
Thomas, Kellaway, & Jones, 1991). The gelling properties of gelatin are
very different from other food proteins being more similar to other
hydrocolloids as carrageenan. In a solution above 35-40 °C gelatin exists
as flexible, disordered coils, which associate into triple helices below
35 °C, by hydrogen bonds, forming a gel. Gelatin gels are susceptible
to melt due to the dissociation of these triple helices as the temperature
is raised above 35 °C (Fitzsimons, Mulvihill, & Morris, 2008) which gives
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it the “melt-in-mouth” property (Djabourov, 1988). Because of its
particular characteristics, gelatin is commonly used to control texture
in dairy products, so the study of interactions between gelatin and
dairy proteins is an interesting research field (Devi, Buckow, Hemar, &
Kasapis, 2014; Ersch et al., 2016; Fiszman & Salvador, 1999b; Pang,
Deeth, Sharma, & Bansal, 2015).

In a recent work, the interfacial and foaming properties of CMP-
gelatin mixed systems and an important synergistic effect on foaming
properties at pH 3.5 owing to the interaction between CMP and gelatin
in the aqueous phase (Martinez, Pizones Ruiz-Henestrosa, Carrera
Sanchez, Rodriguez Patino, & Pilosof, 2013) were reported.

Because of the great industrial interest for CMP and gelatin
mentioned above, and as both components, gelatin and CMP, form
gels at temperatures below 35 °C, in the present work, the effect of
the interaction between gelatin and CMP in the dynamics of gelation
and in the textural and microstructural properties of the mixed gels
was studied.

2. Materials and methods
2.1. Single and mixed solutions

Bovine gelatin sample was kindly provided by Rousselot Argentina
S.A. (Hurlingham, Argentina). The isoelectric point (pl) of this acid
gelatin sample is 6.04 (data provided by the supplier) and the pH
value of 1 wt.% solution in Milli-Q water was 5.6. BioPURE-GMP® casein
glycomacropeptide (CMP) was provided by DAVISCO Foods Interna-
tional, Inc. (Le Sueur, MN, USA). Its composition was 79.0% protein
(dry basis) being CMP 86.3% of total proteins, and 6.4% moisture. The
degree of glycosylation is about 50% (data provided by the supplier)
and the pl reported in the literature for glycosylated (gCMP) and non-
glycosylated (aCMP) forms of CMP were 3.15 and 4,1, respectively
(Kreup, Strixner, & Kulozik, 2009). The pH value of CMP after dissolu-
tion in Milli-Q water was 6.7.

CMP solutions were prepared by dissolving CMP in Milli-Q ultrapure
water at room temperature (25 °C) under agitation (~400 rpm), while
the sample of gelatin was dissolved upon heating (at ~35-40 °C,
30 min and ~400 rpm) in order to keep its packed coil structure
(Domenek et al., 2008). Sreejith, Nair, and George (2010) demonstrated
by circular dichroism spectra that the gelatin has no conformational
change at 35 °C. The concentration used was 1 wt.% for both samples
for size particle determination, so the gelation of gelatin was hindered
(Lin et al., 2003; Rousselot International, 2010). For rheological and
textural determinations the concentrations were between 1 and 5 wt.%
in order to evaluate gelling and non-gelling conditions (Domenek et al.,
2008).

CMP:gelatin mixed systems were prepared by mixing (at 35 °C,
30 min and ~400 rpm) the solutions of CMP and gelatin (prepared at
double the desired final concentration of the mixed systems) ina 1:1
ratio. The pH was adjusted to 6.5 or 3.5 by using 1 or 0.1 N HCl or NaOH.

2.2. Particle size determination

Particle size distributions were determined by dynamic light
scattering (DLS) using a Zetasizer Nano-Zs (Malvern Instruments,
Worcestershire, United Kingdom) measurements were made at a scat-
tering angle of 173°. The instrument's measurement range is from 0.6 to
6000 nm. The determination was made at 35 °C in order to keep gelatin
in its coil conformation (Domenek et al., 2008; Sreejith et al., 2010) and
upon cooling from 35 °C to 5 °C inside the DLS. Contin algorithm was
used to obtain the size particle results (Martinez et al., 2013).

For DLS determinations, pure CMP solutions were previously filtered
through 0.45, 0.22 and 0.02 pm and gelatin and mixed solutions through
0.45 and 0.22 um microfilter (Whatman International Ltd., England). All
measurements were performed in duplicate.

2.3. {-Potential measurements

{-Potential measurements were also performed by DLS in a Zetasizer
Nano-Zs (Malvern Instruments, Worcestershire, United Kingdom) eval-
uating from the electrophoretic mobility of the particles (Malvern-
Instrument, 2013). Henry's equation (Eq. (1)) (Norde, 2011) was used
to convert the measured electrophoretic mobility data into {-potential.

Ue = 2¢ 5 f(Ka)/31) )

where U, is the electrophoretic mobility, ¢ the dielectric constant, ¢ the
¢-potential f(Ka) the Henry's function (Winzor, Jones, & Harding, 2004)
and 1) the sample viscosity. The reported values are the average and
standard deviation of three measurements.

24. Rheological properties

Dynamic oscillation measurements were performed using a Paar
Physica controlled stress Rheometer (MCR 300) (Graz, Austria). Singles
CMP, gelatin or CMP-gelatin mixed systems initially at 35 °C were
poured onto the bottom plate of a parallel plate measuring system
(PP30S), with a gap setting of 1 mm. The temperature of the bottom
plate was controlled with a Peltier system (Viscotherm VT2, Paar
Physica), and liquid paraffin was applied to the exposed surfaces of
the sample to prevent evaporation and to prevent the adhesion of the
sample to the plate. During gelling experiments, the frequency was
held constant at 1 Hz and the strain was kept at 0.01%. The samples
were held at 35 °C for 5 min, then cooled from 35 °C to 5 °C at a rate
of 2 °C/min, and after that held at 5 °C for 15 min, which had sufficient
time to allow storage modulus (G’) equilibration.

During the measurements, the evolution of storage (G’) and loss
modulus (G”) was determined. The temperature at which the storage
and loss modulus crossed over was taken as the gel point, and the tem-
perature (Tge) at this point was evaluated. Additionally, the frequency
dependence of G’ and G” was measured at 5 °C with a constant strain
of 1% at a frequency range of 0.01-10 Hz. The data reported are means
of two replicates with an experimental error lower than 10%.

2.5. Preparation of gels

The solutions of CMP, gelatin and CMP:gelatin mixtures prepared as
described in Section 2.1 were transferred to an incubator at 4 °C after the
pH was adjusted and kept for 2 and 24 h before texture analysis and for
24 h before microscopy measurements.

2.6. Textural properties

The texture of CMP, gelatin and CMP-gelatin mixed gels (obtained
as described in Section 2.5) was evaluated by a penetration test with a
Stable Micro Systems Texturometer model TA-XT2i using a cylindrical
probe (12.7 mm diameter P/0.5) operating at a speed of 1 mm/s
(Pang, Deeth, Sopade, Sharma, & Bansal, 2014). All measurements
were carried out at ~10 °C (usual temperature for yogurt consumption)
in duplicate. The sample height was 30 mm in a cylindrical container of
about 40 mm. The probe penetrated the gel during a total displacement
of 10 mm.

2.7. Microscopy

Confocal laser scanning microscopy (CSLM) was used to study gel
network microstructures. Images of CMP, gelatin and CMP/gelatin gels
(total concentration 5 wt.%, prepared as described in Section 2.5) were
recorded with a confocal laser scanning microscope (Model FV300,
Olympus, London, UK), provided with an He-Ne laser (543 nm) and ob-
jective PLAN APO 60 x (a zoom of 2.5 was also applied). Proteins were
marked by adding a few drops of 0.02 wt.% Rhodamine B solution
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(excitation wavelength 560 nm; emission maximum 625 nm). Digital
image files were acquired in multiple.tif format in 1024 x 1024 pixel
resolution in triplicate.

2.8. Statistical analysis

All the experiments were performed in duplicate. Data were
analyzed statistically by analysis of variance (ANOVA) (P < 0.05) using
statistical program Statgraphics Centurion XV to evaluate the effect of
the interaction between gelatin and CMP on {-potential results at two
pH values (3.5 and 6.5) and also the effect of concentration of gelatin
on the rheology and texture of gels with and without CMP at the same
values of pH (3.5 and 6.5).

3. Results and discussion
3.1. CMP-gelatin interactions determined by size particle

Figs. 1 and 2 show the size particle distributions of CMP, gelatin and
the mixed system 1:1 at pH 6.5 and pH 3.5, respectively, at the begin-
ning (35 °C) and at the end (5 °C) of the cooling. The size intensity
distributions (left plots) were multimodal for all the systems; however,
the main populations present in each system can be observed from the
volume size distributions (right plots). The maximum of the predomi-
nant lower size population of CMP at pH 6.5 (Fig. 1) is ~2.3 nm which
corresponds to the monomeric form of this peptide, while it was present
in a more associated form (diameter higher than 5 nm) at pH 3.5 (Fig. 2)
as it was previously reported (Farias et al., 2010). No differences were
observed in the size particle of CMP during the cooling from 35 to 5 °C.

The size distribution of gelatin at pH 6.5 (Fig. 1) showed a wide peak
(4-80 nm) in agreement with previous reports (Lin et al., 2003; Sreejith
etal,, 2010).Lin et al. (2003) reported a random coil structure for gelatin
solution with a diameter between 35 and 70 nm. At the end of the
cooling (lower plots in Fig. 1) higher size populations were observed
as much in intensity as in volume size distributions due to the
gelatin conformational changes as decreasing temperature arranging
themselves in triple helices (Domenek et al., 2008; Duconseille,
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Astruc, Quintana, Meersman, & Sante-Lhoutellier, 2015). On the other
hand, no changes were observed in gelatin during the cooling at
pH 3.5 (Fig. 2) showing a mean peak at sizes lower than 10 nm.

The size distributions of the CMP-gelatin mixed system at 35 °C and
pH 6.5 (upper plots in Fig. 1) were similar to gelatin distributions;
however, at the end of the cooling (5 °C, lower plots in Fig. 1) the
mixed system showed populations with intermediate values between
pure components. This behavior would suggest that in the presence of
gelatin, CMP could self-assemble as it was previously observed at neu-
tral pH in the presence of salts (Farias, 2012), that could be present in
the gelatin sample. Another possibility to explain this result could be
the formation of CMP-gelatin complex (by hydrophobic interactions)
due to the low electrostatic repulsion at pH 6.5 where the charge of
gelatin is close to 0 ({ = —1.9 mV, Table 1) due to the proximity to its
pl (Martinez et al.,, 2013).

The mixed system at pH 3.5 (Fig. 2) showed higher size populations
than the pure components, even in the volume size distribution.
Although the net electric charge of CMP is positive ({ = +2.21 mV)
because it is a mixture between the non-glycosylated (aCMP) and the
glycosylated (gCMP) form of CMP, at this pH value gCMP has a small
negative charge (Kreup et al., 2009) because of glycosylation, mainly
by sialic acid (pK 2.2) which would allow it to interact with gelatin
(¢ = 4+9.27 mV, Table 1) by electrostatic interactions in addition to
hydrophobic bonds. A mechanism of CMP-gelatin complexation was
proposed in a previous work in order to explain the great improvement
in the stability of CMP-gelatin foams at pH 3.5 (Martinez et al., 2013).

3.2. Rheological properties

The results obtained from the study of the dynamics of gelation are
summarized in Table 2. It is important to highlight that CMP can gel at
pH 3.5 but this gelation is time-dependent. In fact, it was previously
reported that at pH 3.5 and at a concentration of 5 wt.% (maximum con-
centration evaluated in the present work) CMP gelled after 5-6 days at
room temperature (Farias et al., 2010). Moreover, decreasing tempera-
ture at the time for CMP gelation is higher (Martinez, Farias, & Pilosof,
2010) because of the decrease of the potential for hydrophobic bonds

. pH 6.5 35 °C 244 . pH 6.5 35°C
[m Al
" 214 /|
129 || 1
“ { 184 | |
S | 1
SRR ] 154
2 ||| .01 A
g | 1290 | xT34
£ o6{n | NN BT
R T > o] 111
. 64 ]
37\ \ l | \‘\Jl
\ 34 1
Io4 & : o
0 . . 0 ; T e
1 10 100 1000 10000 1 10 100 1000 10000
Particle diameter (nm) Particle diameter (nm)
15 . :
pH655°C 24+ pH 6.5 5°C"]
5 21
18-7&:
g o tespe i k
g g 1| % |
' ERS I B #
k| Fox 15 o] | 1 1]
\ \ \ |1
X X . A ¥ |
AN G ;i } | %]
%&of “ P | T
RS . |
1000 10000 1 10 100 1000 10000

Particle diameter (nm)

Particle diameter (nm)

Fig. 1. Intensity (left plots) and volume (right plots) size distribution of (m) casein glycomacropeptide (CMP), (% ) gelatin and (A ) the mixed system solutions at 1 wt.% and pH 6.5 at 35 °C

(upper plots) and 5 °C (lower plots).



R. Morales et al. / Food Research International 84 (2016) 102-107

105
18 . ; e 33 . .
pH3.535°C /\ 30 pH 3.5 35°C
* | ] 7
15 ; v“ 27] x ]
[ 24 " i
124 N it u‘l\h
s x| & 214 I ]
IS [T S I A
X [w 5 18 .4 ]
2 9 . g I
g T = 15 Ih ]
2 BN 2l Al ]
= 6 * | ‘, = ir% |
| 9 j;’ \ ]
34 F A 6 /’.)\’ 1\ \ 1
/ . 3] * “K o
O-Mﬁm— - - 0 £l "'T xf\ﬁ :
1 10 100 1000 10000 1 10 100 1000
Particle diameter (nm) Particle diameter (nm)
18 . : ; B ;
pH3.55°C X/X\ 3in 5 il 1
154 1 27] N1 .
| I
A 24+ " 1
~ 12+ S| | Y
® [ % ;\2\21— | % A 4
= - | 7 18] LA 1
94 \ | g | | &
= I wl = 15 R A g
2 - (N G ARV
=] \ |
el Fak g IR IR\ ]
I /& \ of [IT] 1 1
|\ /f%\ [ x %)
! " ] A ]
S TRV I <R
/% | X& i \ ] A ]
0 I il 0 oL M% 20evd
1 10 100 1000 10000 1 10 100 1000

Particle diameter (nm)

Particle diameter (nm)

Fig. 2. Intensity (right plots) and volume (left plots) size distribution of (m) casein glycomacropeptide (CMP), (x ) gelatin and (A ) the mixed system solutions at 1 wt.% and pH 3.5 at 35 °C

(upper plots) and 5 °C (lower plots).

which are responsible for the first step of the self-assembly of CMP. So,
the gelation of CMP at the conditions of the present work (low concen-
trations at low temperatures) would be hindered or at least delayed.
The critical concentration for gelation (Ccg) of gelatin at pH 6.5 was
1.5 wt.%. The G’cnq Value obtained at this concentration was very low,
and in the same way that of T, it significantly increased by increasing
concentration. In fact, Tge increased from 5 °C to 16-17 °C with increas-
ing concentration from 1.5 to 5 wt.%, and Tg of gelatin and the mixed
systems at pH 6.5 was slightly higher than at pH 3.5 at every concentra-
tion evaluated. CMP did not gel at pH 6.5, as it was previously reported
(Martinez et al., 2010) and the mixed systems showed similar values
than gelatin solutions at the same concentration. Meanwhile, at pH 3.5
and at concentration neither gelatin nor CMP gelled on its own during
the test time, the gelation of mixed systems (gelatin/CMP concentra-
tions (wt.%/wt.): 1.5/1.5, 2.5/2.5 and 3/3) was observed (Table 2). At
this pH value, gelatin gelled at 5 wt.%, but in the presence of the same
concentration of CMP the values of Tge| and G’eng Were significantly
higher. In agreement with our results, other authors (Pang, Deeth,
Sopade, Sharma and Bansal, 2014) also reported that 1 and 2.5 wt.% gel-
atin solution at pH 3 did not gel during cooling, and they attributed this
behavior to protonation of amino acids of gelatin at low pH, which pre-
vents formation of hydrogen bonds. In the same work, Pang, Deeth,
Sopade, Sharma and Bansal (2014) evaluated the effect of the addition
of milk proteins on the gelling behavior of gelatin at pH between 3.0
and 8.0 and reported that gelatin was able to interact with caseins but

Table 1

¢-Potential of casein glycomacropeptide (CMP), gelatin and the mixed system at pH 6.5
and pH 3.5.

¢-Potential (mV)!

pH6.5 pH3.5
Gelatin —19+02¢ 93+ 0.8f
CMP-gelatin —71+07° 0.6 &+ 0.1%¢
CMP —241+16° 22+ 0.6°

not with whey proteins. They suggested that the interaction between
gelatins with caseins could occur even at pH above pl of both proteins
by means of a positive patch on k-casein which exists between residues
97 and 112 of Kk-casein and precisely CMP is included in this portion of
K-casein.

The important synergistic effect observed at pH 3.5 could be
explained by the complex formation demonstrated by particle size
determination (Fig. 2). Moreover, CMP could increase the affinity of gel-
atin for water since CMP is highly soluble (Chobert, Touati, Bertrandharb,
Dalgalorrondo, & Nicolas, 1989) and furthermore because of the
hydrophobic groups of gelatin that are blocked by the interaction with
CMP.

It was reported that during triple helix formation in gelation process
of gelatin besides hydrogen bonds, electrostatic and hydrophobic inter-
actions are involved (Haug, Draget, & Smidsrad, 2004; Miyawaki et al.,
2003), thus if CMP interact with gelatin in solution the gelation process
could be affected resulting in gels with different properties.

Table 2
Gelation temperature (Tg) and G’ at the end of the cooling (G’enq) Of casein
glycomacropeptide (CMP), gelatin and the mixed system at pH 6.5 and pH 3.5.

Concentration  Tge (°C) G'eng (Pa)
(%)
Gelatin  CMP pH®6.5 pH3.5 pH 6.5 pH3.5
1 0 No gel No gel No gel No gel
1 No gel No gel No gel No gel
15 0 57 £ 04° No gel 412 4 2.3° No gel
: 1.5 5.0 + 0.0° 5.0 &+ 0.0* 351443 18.8 + 8.6%
25 0 11.7 £ 039  No gel 303.0 + 35.0°  No gel
’ 25 101+£07° 71+11° 2795+ 128> 2488 +41.9°
3 0 14.0 £ 0.2°  No gel 650.8 & 30.3¢ No gel
3 1344+ 02° 114+02¢ 6103 £ 21.3° 658.0 £ 53.1¢
5 0 1724+ 02%8 135+04° 1797.6 +4879 1716.8 + 199.1¢
5 170 £ 028 159+ 037 16932 +87.8¢ 19815 + 103.7°

T Mean values with different letters were significantly different (P < 0.05).

Mean values with different letters in each parameter were significantly different (P < 0.05).
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3.3. Textural properties of gels

Texture properties of the gels stored at 4 °C during 2 and 24 h after
pH adjustment are shown in Table 3. The gel strength of gelatin was
much higher at 5.0% concentration than at 2.5% for all gels, which is in
line with the findings of Fiszman and Salvador (1999a), Pang, Deeth,
Sopade, Sharma and Bansal (2014), and Salvador and Fiszman (1998).
At pH 3.5 the gel force was significantly lower than that at pH 6.5 for
all concentrations of gelatin (Table 3). The effect of pH on the strength
of gelatin gels is probably due to changes in the electrostatic interactions
in the system (Fiszman & Salvador, 1999a). These results agree with
those found by Choi and Regenstein (2000) who study different kinds
of gelatin and with Pang, Deeth, Sopade, Sharma and Bansal (2014)
who study the same type of gelatin than us; they also observed a
marked decrease in gel strength of gelatin gels below pH 4.0.

At the highest concentrations evaluated (5 wt.%) the gels of gelatin
at pH 6.5 presented the highest values of force than the mixed gels at
2 h as well as at 24 h. At lower concentrations of gelatin, the presence
of CMP did not modify the maximum force of the gels. It is important
to highlight the gelation of the mixed solution 2.5/2.5 (wt.%) after 2 h
of pH adjustment to 3.5 while 2.5 wt.% gelatin solution did not gel.
Moreover, as it was previously mentioned the gelation of CMP at these
conditions would be hindered. This behavior suggest that the presence
of CMP would accelerate the gelation of the mixed system as it was pre-
viously showed in rheological results where the mixed systems gelled at
concentrations lower than the C, of gelatin, indicating a synergistic
behavior. In previous works, it was reported an improvement on the
rheological and textural properties of mixed gels between CMP and
other proteins as sodium caseinate (Morales, Martinez, & Pilosof,
2015) and P-lactoglobulin (Martinez, Farias, & Pilosof, 2010) which
was attributed to the interaction between CMP with these proteins. In
the same way, the result obtained in the present work at pH 3.5 can
be explained by the CMP-gelatin complexation as it was previously
mentioned.

3.4. Confocal micrographs of gels

Photomicrographs of CMP, gelatin and CMP/gelatin mixed gels were
observed using CSLM (Fig. 3). As Rhodamine B stains proteins, the dark
areas indicate the absence of protein. CMP gel (Fig. 3A) showed a porous
and coarser microstructure built up of large protein aggregates and
large void spaces. In a recent work (Burgardt et al., 2015) a similar
porous network of 6% CMP gels observed by SEM, which was a more
homogeneous and solid structure at higher CMP concentrations, was re-
ported. On the other hand, gelatin gels exhibited a smooth and homoge-
neous network structure, and fluorescence was evenly distributed
indicating that the protein particles/aggregates were homogeneously
distributed in the gel (Fig. 3B). CMP/gelatin mixed system photomicro-
graphs (Fig. 3C) showed a honeycomb-like structured gel with relatively
small aggregates with small dark spaces compared to CMP gel. In recent
works a lower affinity of gelatin has been reported for Rhodamine B
comparing with whey proteins (Ersch et al., 2016; Martin et al., 2016),

Table 3
Force values obtained by a penetration test of casein glycomacropeptide (CMP), gelatin
and the mixed system gels at pH 6.5 and 3.5 at 2 h and 24 h after pH adjustment.

Concentration

(%) Force (N)—2 h Force (N)—24 h

Gelatin CMP pH6,5 pH3,5 pH 6,5 pH3,5

25 0 0.65 £ 0.09°®  No gel 1.93 £ 0.209  1.63 & 0.00"

’ 25 1.0140.12%¢ 039+ 0.06° 1.89 +0.02°¢ 1.75 + 0.65%

3 0 1.61 £ 0.03°¢ 046 £ 0.01° 347 £021° 229 4+ 0.10¢
3 1.69 &+ 0.54¢ 056 £ 0.01°  3.38£0.00° 2.15 & 0.08¢

5 0 690 4+ 1.01%8 544 4+ 0317 1045+ 1.02"  7.14 + 0.238
5 573 £ 004" 424 +£012° 9504090 720 + 0.36°

Mean values with different letters were significantly different (P < 0.05).

Fig. 3. Micrographs of gels of (A) casein glycomacropeptide (CMP) 5 wt.%, (B) gelatin
5 wt.% and (C) the mixed gel CMP/gelatin 5/5 wt.% at pH 3.5 by confocal laser scanning
microscopy (CSLM). Scale bar is 10 um.

so the excited signal can be attributed to CMP aggregate zones while
the dark spaces would indicate regions more concentrated in gelatin.
So, Fig. 3C revealed that gelatin is distributed among the pores of the
CMP network.

4. Conclusions

This study suggests that the presence of CMP in mixed systems with
gelatin at concentrations lower than 5 wt.% and pH 6.5 did not affect the
gelling properties, while at pH 3.5 the gelation was accelerated. It can be
attributed to CMP-gelatin complex formation (observed by DLS) which
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could interact by means of hydrophobic bonds and these interactions
would be reinforced at pH 3.5 by electrostatic interactions between
negatively charged amino acids or sialic acid in CMP and positively
charged gelatin as it was proposed in a previous work (Martinez et al.,
2013).

This synergistic interaction could find a wide number of food or non-
food applications involving gelatin where there is desirable delivery of
CMP because some bioactive properties are antimicrobial, promoter of
the growth of bifidobacteria, gastric secretion suppressor, blood circula-
tion regulator, inhibitor of the binding of cholera toxins to oligosaccharide
receptors on cell walls and protector of cell infection by influenza virus,
and composition dental plaque modulator. Food applications may include
desserts, confectionary and dairy products.
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