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ABSTRACT: Dairy desserts containing Caesalpinia pulcherrima seed galactomannan were evaluated to determine their static and dynamic
rheological behaviors. Variations in consistency index (k), flow behavior (n), yield stress and thixotropy of the desserts indicated that the
galactomannan caused an increase in the shear stress and apparent viscosity of the system. All samples exhibited shear-thinning behavior with
flow behavior index values (n) between 0.06 and 0.37. Dynamic rheological behavior was evaluated for MD (high solid levels) and MD/2 (half
the amount of solids) groups, and both G’ and G moduli were depended on the frequency. The MD and MD/2 groups showed variations in the
elastic modulus (G’) throughout the temperature range (mainly at 50 °C), showing greater sensitivity at high temperatures. C. pulcherrima
galactomannan was able to promote synergism with starch, milk protein and sucrose and to improve the development of stronger and more
resistant gels.

Key words: pseudoplastic, thickener, synergism, viscosity, temperature.

Efeito da galactomanana da semente de Caesalpinia pulcherrima
sobre as propriedades reologicas de sobremesas lacteas

RESUMO: Sobremesas ldacteas contendo galactomanana de semente de Caesalpinia pulcherrima tiveram suas propriedades reologicas
estdticas e dindmicas avaliadas. As variagdes nos indices de consisténcia (K) e comportamento de fluxo (n), assim como na tensdo inicial de
[fluxo e na tixotropia das sobremesas mostraram o efeito da galactomanana sobre a tensdo de cisalhamento e viscosidade aparente dos sistemas
lacteos. Todas as sobremesas exibiram comportamento pseudoplastico, com indices de comportamento de fluxo (n) variando entre 0,06 e
0,37. A reologia dindmica dos grupos MD (alto teor de solidos) e MD/2 (metade do teor de solidos), mostrou G’> G e modulos dependentes
da frequéncia e da temperatura. Alteragées quimicas nos componentes das sobremesas foram observadas a 50° C em virtude da maior
sensibilidade dos valores de G’ e G” a partir dessa temperatura. A galactomanana de C. pulcherrima contribuiu para o desenvolvimento de
géis mais fortes e resistentes nas sobremesas ldcteas, bem como mostrou sinergismo com amido, proteina do leite e sacarose.
Palavras-chave: pseudoplastico, espessante, sinergismo, viscosidade, temperatura.

INTRODUCTION LBG, karaya, Arabic gum and cellulose derivatives

display a wide range of functional properties, such

Hydrocolloids are a heterogeneous group
of long chain polymers that have the specific ability
to form viscous dispersions and/or gels in water. Food
gums/hydrocolloids such as starch, xanthan, guar gum,

as texture emulsifier and stabilizer (CEVOLI et al.,
2013). Among the processed foods, the dairy desserts,
which are usually composed of milk, hydrocolloids,
sucrose, flavor and colorants, show shear-thinning
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flow behavior and time-dependence in addition
to typical viscoelastic properties of weak gels.
Perceptible differences in rheological behavior have
been reported in commercial samples (TARREGA
et al., 2003; TARREGA et al., 2004, 2006) and
in model systems with different compositions (F.
VELEZ-RUIZ et al., 2005, LETHUAUT et al.,
2003; WISCHMANN et al., 2002). Hydrocolloids
play an important role in the development of dairy
desserts by modifying the characteristic consistency
of these products. These molecules can prevent or
delay the following physical phenomena: dispersed
solid particle sedimentation in the medium, water or
sugar crystallization, dispersed particle aggregation
or disaggregation, and syneresis of gelled systems
(ANTONIO et al., 2003).

Galactomanna are neutral
heteropolysaccharides composed of a B-(1—4)-D-
mannan backbone with single D-galactose branches
with o-(1—6) linkage, with potential applications
in the food industry. They are reported in the
endospermic cell walls of various Leguminosae seeds
and differ from each other in their mannose: galactose
ratio, distribution pattern of galactose residues
along the mannan backbone, molecular weight,
and molecular weight distribution. The galactose
substitution degree in galactomanano determines its
physicochemical properties. The LBG (Ceratonia
siligua L.), guar (Cyamopsis tetragonoloba) and
tara gums (Caesalpinia spinosa) are the three major
galactomannans of commercial importance in the
food industry (KAPOOR & DIVISIONS, 2005;
MIKKONEN et al., 2007; PRAJAPATI et al., 2013).
Starches behave differently from galactomannans
and their properties are complementary. Starches
have rheological properties that are influenced by
other factors in the formulations, such as water
activity, ionic strength and pH, and by processing
variables such as thermal load, shear stress and filling
temperatures (FINCH, 1998).

The interest in new galactomannan sources
has increased in the last years. Among these sources,
Caesalpinia pulcherrima belongs to the Caesalpiniaceae
subfamily of Leguminosae, and its seeds accumulate
large amounts of galactomannan with potential
applications in the food industry as a hydrocolloid,
edible coatings and fiber source (BURITI et al., 2014;
CERQUEIRA, et al., 2009; WU, et al., 2015). This
specie; although, native from Central America is well
adapted to the Brazilian savanna.

Rheological properties are related to the
textural attributes of products, which determine their
sensory characteristics and consumer acceptability.

Furthermore, rheological data are often required as an
indicator of product quality for the calculation of many
processes involving fluid flow, such as pasteurization,
evaporation, drying and aseptic processing (CEVOLI
etal.,, 2013; MA et al., 2014).

Therefore, this research aimed to evaluate
the effect of galactomannan from Caesalpinia
pulcherrima seeds on the rheological properties of
dairy desserts containing starch, sucrose and milk.

MATERIALS AND METHODS

Materials

Caesalpinia pulcherrima seeds were
collected in the State of Ceara, Brazil. Powdered
milk, corn starch and sucrose were purchased from
Nestlé®, Maizena® and Unido®, respectively, at the
Fortaleza-Ceara local market.

Galactomannan extraction and characterization

The C. pulcherrima galactomannans
were extracted from seed endosperm as described
by (CERQUEIRA & OTHERS, 2009). Briefly, the
seeds were removed from the pods, cleaned and
milled. The endosperms were manually separated
from the cotyledons and the hulls, and they were
then suspended in 96% ethanol in a 2:1 proportion
(ethanol: water) and heated at 70 °C for 15 min to
inactivate the enzymes and eliminate low molecular
weight compounds. Ethanol was decanted followed
by the addition of distilled water in a 1:5 proportion
(endosperm: water), and the solution was incubated
for 24 h at 8 °C. Water was added to the extract at a
1:10 ratio (suspension: water), and the solution was
mixed in a blender for 5 min and filtered through a
nylon net. The obtained solution was precipitated
with 96% ethanol in a 1:3 proportion (v:v). The
precipitated galactomannan was dehydrated with
acetone and submitted to air flow drying.

Analysis of monosaccharides composition
Galactomannan hydrolysis and
monosaccharides derivatization processes were
carried out as described by XU et al. (2012). Galactose
and mannose contents were determined using gas
chromatography with mass spectrometer detector
(GCMS- QP2010, Shimadzu, Tokyo, Japan). Samples
were injected in split mode (1:25), using helium as
a carrier gas at a constant flow of 1.16 mL/min; the
injection volume was 1 plL. The monosaccharides
separation was performed on a RTX-5MS column
(30 m x 0.25 mm i.d. x 0.25 pm film thickness)
(Restec, Bellefonte, USA). The oven temperature
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was programmed to change in the following way:
constant at 160 °C for 3 min, then raised at the rate of
1 °C/min to 190 °C and finally raised by 15 °C/min
to 240 °C and held for 1 min. Each sample was run in
triplicate by GC-MS.

Protein content

Nitrogen content was determined according
to the method described by BAETHGEN & ALLEY
(1989) and related to the total protein content by a
factor of N x 5.87 (AZERO & ANDRADE, 2002).

Molar mass distribution

Evaluation of the weight average molar
mass (Mw) and number average molar mass (Mn)
were performed using gel permeation chromatography
(GPC) with a Shimadzu LC-10AD instrument using
an Ultrahydrogel linear column (7.8 x 300 mm).
An aqueous solution of polysaccharides (0.1%, w/v)
was injected at a flow rate of 0.5 mL/min, and 0.1
M NaNO, was the eluent. A differential refractometer
was used as the detector at 40 °C. Pullulan samples
(Shodex Denko) with Mw values of 5.9 x 103,
1.18 x 104, 4.73 x 104, 2.12 x 10%, and 7.88 x 10°
g mol! were used as molecular standards. The
weight average molar mass and number average
molar mass (Mn) were estimated via comparison to
pullulan standard curves.

Viscometric measurements

Viscometric measurements were
performed at 26 £ 0.1 °C using an Ostwald Fensk

Table 1 - Dairy desserts compositions.

Dairy dessert group Sample code ~ —mmm-memmmmmo e
Powderedmilk
MD 16.37
MD -G 16.37
MD MD - S 16.37
MD - Sg 16.37
MD -M 9.63
MD/2 9.63
MD/2 +G 9.63
MD/2 MD/2 + S 9.63
MD/2 + Sg 9.63
MD/2 +M 16.37

capillary viscometer (n° 200). Specific concentrations
of the galactomannan solutions were established
such that the relative viscosity values were between
1.2 and 2.0, which were considered adequate for
maintaining these solutions within the Newtonian
plateau. Huggins-Kramer plots of nsp/C and Inn/C
versus C were used to estimate intrinsic viscosity [n]
according to equations 1 and 2:

[n,, =[]tk [m]*C (1)

m%: 7]+ ke [71°C ©)
where N, is the specific viscosity; n_is the relative
viscosity; [n] is the intrinsic viscosity; C is the
polymer concentration; k, is Huggins’ constant; and

kK is Kramer’s constant.

Dairy dessert preparation

Dairy desserts were distributed into two
groups (MD: high solid levels and MD/2: halfthe amount
of solids) containing galactomannan (G), corn starch (S),
sucrose (Sg) and powdered milk (M), in order to evaluate
the influence of each one on the rheological behavior of the
dairy desserts (Table 1). A total of ten formulations were
evaluated in triplicate for the tests proposed. The
MD group was prepared with a base formulation
and MD/2 group consisted of a dairy dessert made with
subtraction of half the concentration of each ingredient.
In these groups C. pulcherrima galactomannan (0.5 and
1.7%, w/v) were added to powdered milk, sucrose and
corn starch, and these solutions were stirred at 80 °C
for 20 min in order to promote a better dissolution of the
materials and pasteurization of dairy desserts.

Ingredients (%)-------------=--------- Galactomannan
Sucrose Corn starch
13.37 3.35 1.7
13.37 3.35 0.5
13.37 0.65 1.7
6.63 3.35 1.7
13.37 3.35 1.7
6.63 0.65 0.5
6.63 0.65 1.7
6.63 3.35 0.5
13.37 0.65 0.5
6.63 0.65 0.5

MD: high solid levels; MD/2: half the amount of solids; G: galactomannan; S: corn starch; Sg: sucrose; M: powdered milk.
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Samples were cooled, distributed in
packaging, and stored under refrigeration (5 °C) for
48 h before analyses.

Physicochemical parameters

The dairy desserts were subjected to
physical-chemical analysis using the following AOAC
methods: moisture (n° 930.15), ash (n° 942.05),
protein (n° 984.13) and lipids (n° 954.02). Soluble
solid content was determined by direct reading in
an Atago Digital Refractometer (PR-101) .The total
carbohydrate content was determined by difference
among total mass and moisture, ash, protein and lipids
content of dairy desserts. The pH was determined in a
digital Micronal B474 potentiometer. All the analyses
were performed in triplicate.

Rheological analyses

An Advanced Rheometer (AR 550) with
a Peltier control system was used to evaluate the
galactomannan solutions and rheological behaviors
of dairy desserts. The analyses were performed using
the cone-plate methodology (cone: angle 0°59°01, 40
mm diameter and 28 um gap).

Steady measurements

The steady rheological properties of
the MD and MD/2 dairy desserts as well as the
galactomannan solutions were measured based on
increasing (forward measurements) and decreasing
(backward measurements) shear rates varying
between 5 and 300 s at 25 °C. This range included
parameters from mouthfeel up to industry processes
involving fluid flow. Shear stress (t) versus shear rate
(y) comparisons were performed to predict the flow
curves, and the consistency index (k), flow behavior
index (n), yield stress (o)) and Casson plastic
viscosity (k ) were obtained according to the power
law, Herschel-Bulkley and Casson models as per
equations 3, 4 and 5, respectively, as follows:

T=k-y" (3)
T=T,+K-y" (4)
105 = k- 05 4 705 (5)

Treatments were performed in triplicate.
Upstream (Aup) and downstream (A, ) data point
curves were used to estimate hysteresis area
(HA). The hysteresis area was determined by the
difference between the ascending and descending
areas obtained from the flew curve. The thixotropic
behavior was obtained by the flew curve with
increasing strain rate and the lap with decreasing
strain rate (hysteresis curve) according to equation 6

using Origin 8.0 software (Origin Lab Corporation,
MA, USA).
HA = Au‘p — Agoun (6)

Oscillatory measurements

A frequency sweep from 0.01 to 10 Hz at
25 °C with an oscillatory stress of 1.0 Pa (within the
linear viscoelastic region) was used to generate the
mechanical spectra. Elastic (G”) and viscous (G”)
moduli were assessed as functions of temperature
by varying the temperature from 5 to 80 °C with a
frequency of 1.0 Hz and a tension of 1.0 Pa for the
dairy desserts and galactomannan solutions.

Statistical analysis

Data were presented as mean + standard
deviation (S.D) and compared by one-way analysis
of variance (ANOVA) followed by Tukey test at 5%
significance level (p<0.05) using the SPSS software
(SPSS INC. 14.0 for Windows Evaluation Version). All
measurements were performed in triplicate. The data
were analyzed with Origin 8.0 software (Origin Lab
Corporation, MA, USA).

RESULTS AND DISCUSSION

Galactomannan extraction and characterization

The extracted galactomannan presented a
white color, andits yield was27%=+0.2 inrelation to the
seed mass. The protein content in the galactomannan
was 0.08% =+ 0.01. Protein is a common contaminant
in natural polysaccharide extraction, and an absence
or low level of protein is desirable because it is related
to the purity of the galactomannan and specificity of
the extraction method. The mannose: galactose ratio
of C. pulcherrima seeds galactomannans ranges from
2.80t0 3.65 (ANDRADE et al., 1999; BURITI et al.,
2014; CERQUEIRA et al., 2009). In this research,
the value was of 3.86 was for this specie.

The intrinsic viscosity of C. pulcherrima
galactomannan ([n] = 9.64 dLg") was higher than that
reported by (OGY et al., 1999) for this species (7.4 dLg™);
however, it was close to the values described by (AZERO
& ANDRADE, 2002) ([n] = 11.2 dLg") and lower than
the values measured for commercial galactomannans
(fenugreek, 15.10 dLg'; guar, 15.80 dLg'; tara 14.55
dLg'; and LBG, 14.20 dLg") by (WU et al., 2009).
Intrinsic viscosity characterizes the hydrodynamic
properties of macromolecules, and the Huggins’
constant described the interactions between polymer
chains and the solvent(AZERO & ANDRADE, 2002).
The Huggins’ constant value reported for the C.
pulcherrima galactomannan (k,, = 1.08) suggested the
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existence of macromolecular associations. The Huggins’
constant decreases in good solvents and increases when
intermolecular interactions are increased (YANG
& ZHANG, 2009). The galactomannan solution
viscosities were directly influenced by the galactose
distribution pattern on the mannose backbone. Thus,
the variation observed in the intrinsic viscosity values
might be related to the galactose substitution degree,
which is influenced by seed maturation (BENTO et
al., 2013). DEA et al. (1986) reported that associations
occur in regions with more than six consecutive
unsubstituted mannose residues.

The Mw, Mn and polydispersity values were
1.3x 107 g mol!, 2.4 x 10°g mol and 5.63, respectively.
The higher molar masses (Mw and Mn) and lower
intrinsic viscosity confirmed strong chain interactions
and/or molecular aggregation as indicated by the
Huggins’ coefficient.

Physicochemical parameters

The physicochemical parameters and
chemical composition of the MD and MD/2 desserts
are shown in table 2. The dairy dessert pH in the
MD/2 group ranged from 6.3+0.01 at 6.6+0.03 with
significative difference (P<0.05) and was slightly more
acidic than the MD group, which ranged from 6.7+0.02
at 6.8+0.10 and not presented significative difference
(P<0.05) among dairy desserts. The dry solid contents
for the MD dairy desserts was highest than MD/2 dairy
desserts and ranged from 26.9 + 0.07 (MD-Sg) to 33.7
+ 0.01%. Already the MD/2 group shown range from
17.0 + 0.10 (MD/2) to 23.5 £ 0.10 % (MD/2+M).
There was significative difference (P<0.05) among the

Table 2 - Physicochemical parameters of MD and MD/2 dairy desserts.

dairy desserts in the both groups. Between the MD group
samples, the lowest values of protein (2.6 £ 0.3%), lipids
(2.6 £ 0.08%) and ash (0.6 = 0.03%) were observed in
the MD-M desserts, which contained half the amount
of milk. Regarding group MD / 2, the MD / 2, MD/2
+ S and MD/2 +Sg dairy desserts had the lowest
values for protein (2.5 = 0.3%), lipid content (2.6 +
0.06%) and ash (0.6 = 0.03%), whereas the higher
values for protein, lipid and ash were observed for the
MD /2 + M dessert (4.2 + 0.3, 4.4+ 0.05 and 1.02 +
0.04%, respectively). The lipid content ranged between
2.6 £ 0.05 and 4.4 + 0.05 % in the MD and MD/2
dairy dessert groups. The milk was the ingredient
that more affected the chemical composition of the
dairy desserts in both groups, presenting significative
difference (P<0.05) to MD-M and MD/2+M.

Steady measurements

The galactomannan solution and dairy
dessert (MD and MD/2) rheograms are shown in figure
1. The apparent viscosities of both galactomannan
solutions and dairy desserts decreased with increasing
shear rates at 25 °C, which was characterized as a shear-
thinning behavior. The 0.5 and 1.7% galactomannan
solutions presented apparent viscosities of 0.32 and
15.5 Pa.s, respectively, at a shear rate of 10 s”'. The MD
and MD/2 dairy dessert had viscosities of 45.5 and 0.27
Pa, respectively. However, when the galactomannan
concentration was increased in 2.8-fold in MD/2 (Figure
1C), the apparent viscosity increased 54.8-fold (MD/2+G
= 14.8 Pa.s), at a shear rate of 10 s-1, and was higher
than MD/2+S (1.9 Pa.s), MD/2+Sg (0.3 Pa.s) and
MD/2+M (0.6 Pa.s). Therefore, results showed that

Dairy desserts pH Dry solid (%)
Moisture

MD 6.8°+0.10 33.7°+0.01 66.3°+0.05
MD -G 6.7* +0.02 33.2°+0.07 66.8%+0.02
MD - S 6.7* £0.04 31.4°+0.08 68.6°+ 0.04
MD - Sg 6.7* £0.06 26.9°+0.07 73.1*£0.05
MD -M 6.7* +£0.09 27.34+0.10 72.7°+0.02
MD/2 6.3*+0.01 17.0°+0.10 83.0°+0.03
MD/2 + G 6.4%+0.07 18.39+0.07 81.7°+0.03
MD/2 + S 6.5*+0.11 19.3°+0.05 80.7°+ 0.04
MD/2 +Sg 6.5%+0,03 23.1°+0.06 76.4%+0.01
MD/2 +M 6.6"£0.03 23.5*0.10 76.4%+0.05

Chemical composition (%)

Protein Lipids Ash Carbohydrate
43*+03  4.4°+0.05 1.0°+0.01 24.0* +0.03
43*+0.2 4.4*£0.05 1.0°+£0.01 23.5°+0.03
43°+02  4.4°+0.07 1.0°+0.02 21.7°+0.06
43*+0.1 4.4°+0.08 1.0°+0.04 17.2+0.08
26°+0.3 2.6°+0.08 0.6°+0.03 21.59+0.04
2.5°+03 2.6°+0.06 0.60°+ 0.03 11.3°+0.03
26°+£02  2.6°+0.05 0.60° £ 0.02 12.59+0.01
2.5°+0.1 2.6°+0.07 0.60° +0.03 13.6°+0.03
25°+0.1  2.6°+0.06 0.60° + 0.04 17.9°+ 0.04
42°+03  4.4°+0.05 1.02° + 0.04 13.8°+0.01

MD: high solid levels; MD/2: half the amount of solids; G: galactomannan; S: corn starch; Sg: sucrose; M: powdered milk. Means +
standard deviation. Different letters in the same line differed from each other by the Tukey test (P<0.05).
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Figure 1 - Apparent viscosities of the galactomannan solutions (A), MD
dairy desserts group (B) and MD/2 dairy desserts group (C).

the galactomannan presented a better thickening power
when the concentration of the others ingredients were
reduced, as in MD/2 dairy desserts group.

Conversely, galactomannan presented a
synergic effect to the other ingredients (starch, milk
protein and sucrose). Figure 1B shows a 2.8-fold
decrease in the apparent viscosity of MD dairy desserts
group when the concentration of galactomannan from
MD-G dairy dessert is decreased (at 10 s™).

The time-dependence of the hysteresis loop
areas for MD and MD/2 groups and galactomannans

solutions are shown in figure 2. Galactomannans
solutions (Figure 2A) showed concentration-
dependent hysteresis of 65 Pa.s'(0.5%) and 820 Pa.s°
'(1.7%). The higher hysteresis loop area, i.e., higher
thixotropy, was observed for MD (28.700 Pa.s™"). This
result was attributed to progressive structural break
down of the polymers mainly of the starch, since
the lower thixotropy was observed for MD-S (4.300
Pa.s™). The MD-S hysteresis area was not significant,
which suggested that dairy desserts containing less
starch present elevated shear resistance and structure

Ciéncia Rural, v.50, n.6, 2020.
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Figure 2 - Hysteresis of the galactomannan solutions (A), MD dairy
desserts group (B) and MD/2 dairy desserts group (C).

recovery. It is an indicative that high shear rates slightly
modify the structure of this system (SCHRAMM, 2006).
There were not hysteresis loop area for MD/2 and
MD/2+G, however MD/2+M , MD/2+Sg and MD/2+S
presented 343.5 Pa.s”, 97.0 Pa.s"' and 20 Pa.s.
ABU-JDAYIL & MOHAMEED (2004)
analyzed the rheological behavior of a corn starch—
milk—sugar paste at different starch concentrations (2,

4 and 6% wt) and a sucrose concentration of 8% (wt),
and they verified that the pastes heated at 85 and 95
°C for 30 min presented the highest viscosities and
hysteresis related to the concentration of starch and
its gelatinization.

The rheological parameters are shown in
table 3. The flow curves were fitted by the power
law model and presented a good fit (R> > 0.93). Both

Ciéncia Rural, v.50, n.6, 2020.



8 Medeiros et al.

Table 3 - Rheological parameters of the galactomannan solutions and dairy desserts groups by Power Law.

Galactomannsolutions

Flow curves

and dairy desserts

Forward Backward------------==-=mmmmmm-
k (Pa.s) n R? k (Pa.s) N R?
0.5% 0.90° + 0.042 0.55% + 0.007 0.99 1.14°+£0.184 0.51°+0.010 0.99
1.7% 76.41%+2.291 0.20° £ 0.009 0.95 77.82* + 4.301 0.19°+ 0.001 0.95
MD 520.02°+10.18  0.06°+0.001 0.93 205.40° + 11.50 0.22¢+0.007 0.99
MD-G 16520°+5.72  0.22*+0.007 0.94 56.16%+ 10.28 0.37%+0.033 0.98
MD-S 279.75¢+10.11 0.109+0.014 0.94 217.00° + 5.00 0.15°+0.001 0.96
MD-Sg 288.509+4.73 0.119+0.010 0.98 130.65° + 2.89 0.24°+ 0.007 0.99
MD-M 192.70°+3.95  0.18°+0.007 0.95 130.65° +2.89 0.24°+ 0.007 0.99
MD/2 0.89°+ 0.06 0.57* + 0.007 0.99 0.98°+0.007 0.56* = 0.000 0.99
MD/2+G 34.47+0.81 0.28°+0.001 0.99 36.41%+ 1.651 0.27°+ 0.002 0.99
MD/2+S 9.03%+1.50 0.40% = 0.003 0.99 7.59°+0.153 0.44% £ 0.001 0.99
MD/2+Sg 1.27°+0.032 0.54°+0.010 0.99 1.28°+ 0.020 0.54°+ 0.007 0.99
MD/2+M 2.30°+0.165 0.51°+ 0.007 0.99 1.91¢+ 0.040 0.55°+0.001 0.99

MD: high solid levels; MD/2: half the amount of solids; G: galactomannan; S: corn starch; Sg: sucrose; M: powdered milk; &:
consistency index; n: flow behavior index; R?: linear regression coefficient. Means + standard deviation. Different letters in the same

line differed from each other by the Tukey test (P<0.05).

galactomannan solutions and dairy desserts displayed
pseudoplastic behavior with; however, the higher
concentration presented a higher flow behavior index (n
=0.20+0.009) and consistency index (k =76.4+2.291
Pa.s), with significative difference (P<0.05).

Substantial differences (P<0.05) were
observed when the flow behavior index and
consistency index of MD (n = 0.06 +0.001; &k =
520.02 +10.18 Pa.s) were compared to those of
MD-G (n =0.22 £ 0.007; £k = 165.20 £ 5.72 Pa.s)
and MD-M (n = 0.18 = 0.007; £ = 192.70 £3.95
Pa.s). The low values recorded for MD-S (n = 0.10
+ 0.014; k£ = 279.75 £ 10.11 Pa.s) and MD-Sg (n
= 0.11 £0.010; £ = 288.50 £ 4.73 Pa.s) suggested
that galactomannan and milk proteins interact and
contributed more effectively than starch and sugar
in dairy desserts. Moreover, the dairy desserts MD
presented consistency indexes highest than MD/2
group due to high dry solid content.

The same behavior has previously been
reported for many hydrocolloid solutions and
dairy desserts due to their high molecular weight
(STEFFE et al.,, 1995). Similar results have
been obtained by SUDHAKAR et al., (1995)
when synergism among corn starch, Amaranthus
paniculatus starch and galactomannans, such as guar
gum and LBG, was evaluated.

The dairy desserts with half the amount
of each ingredient (MD/2) displayed flow curves
upward and downward that were well fitted by the
power law model (R*> = 0.99), and they showed
variations in the flow behavior index and consistency,
which were lower than those of the MD group. Thus,
the galactomannan concentration affected hysteresis,
n and k in these desserts, which may be attributed
to less stable bonds in the MD group, leading to
a greater structure breakdown triggered by the
applied shear rates. Galactomannan caused a 38.7-
fold increase in the consistency index of MD/2+G
(34.47 £ 0.81 Pa.s) compared to that of MD/2 (0.89
+ 0.06 Pa.s), and starch caused a 10.14-fold increase
in the consistency index of MD+S compared to
that of MD/2. Thixotropy was not observed in the
galactomannan solutions (0.5 and 1.7%).

The rheological parameters according to
the Casson model are shown in table 4. Significant
intensification (P<0.05) in yield stress was observed
for the 0.5 and 1.7% galactomannan solutions (2.32
+0.110 and 118.2 £4.101 Pa, respectively) as a result
of increased hydrocolloid concentration.

The Casson model provided positive values
of yield stress (t,) and an R*>0.84 to galactomannan
solution 1.7%. In contrast, the Hershel-Bulkley model
(R®> 0.97) provided negative values for yield stress;
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Table 4 - Rheological parameters of the galactomannan solutions and dairy desserts groups by Casson model.

Galactomannan solutions

B e m— Forward: Backward
7o (Pa) ky (mPa.s) R? 7o (Pa) ky (mPa.s) R?

0.5 % 2.32°+0.110 0.03° +0.003 0.97 2.69+ 0.410 0.03°+0.001 0.96
1.7 % 118.2*+4.101 0.08"+0.020 0.84 119.5% 7.350 0.08"+ 0.005 0.85
MD 600.50%+ 13.40 0.03°+0.001 0.90 324.4°+15.130 0.35%+0.02 0.85
MD-G 248.60%+ 2.540 0.15"+0.010 0.95 114.2°+ 14.200 0.47*+0.06 0.88
MD-S 355.25°+5.580 0.05"+ 0.010 0.87 297.4%+ 6.290 0.11°+0.01 0.84
MD-Sg 376.40°+ 2.050 0.08%+ 0.140 0.95 194.9° 4.240 0.37°+0.01 0.94
MD-M 258.60% 0.220 0.21*+0.020 0.93 218.3°¢ 7.140 0.274+0.03 0.91
MD/2 2.31°+0.140 0.04°+0.001 0.94 2.41°+0.010 0.04°+0.010 0.97
MD/2+G 62.41% £ 1.603 0.38*+0.020 0.99 62.53+2.960 0.10°+0.010 0.99
MD/2+S 19.99° +2.560 0.09°+0.010 0.99 16.88%+0.010 0.10°+0.001 0.99
MD/2+Sg 3.26°+0.070 0.04°+0.001 0.93 3.07°+ 0.040 0.04°+0.002 0.93
MD/2+M 5.84°+0.401 0.06°+ 0.007 0.98 4.70°+ 0.100 0.07*+0.001 0.97

MD: high solid levels; MD/2: half the amount of solids; G: galactomannan; S: corn starch; Sg: sucrose; M: powdered milk; to: initial
stress; Kv: Casson plastic viscosity; R: linear regression coefficient. Means + standard deviation. Different letters in the same line

differed from each other by the Tukey test (P<0.05).

thus, it was disregarded. The presence of yield stress
in certain materials indicated a cross-linked or other
interactive structure that must be broken down before
flow can occur at an appreciable shear rate (TARREGA
& COSTELL, 2006). The MD dairy desserts showed
the yield stress (600.5 + 13.40 Pa) significatively highest
(P<0.05) than MD-G (248.6+ 2.540 Pa), indicating that
the decrease in galactomannan concentration reduced
the flow resistance. Starch possesses similar properties,
and the MD-S dairy dessert presented lower yield stress
(355.2545.580 Pa) when compared to the MD sample.

Dynamic rheology

The frequency effects in the storage
modulus (G’) and loss modulus (G”) of the
galactomannan solutions as well as the MD and MD/2
dairy dessert groups are shown in figure 3. Results
were frequency-dependent, which is widely observed
in viscoelastic solutions.

The mechanical spectrum of the 1.7%
galactomannan solution (figure 3a) was characteristic
of macromolecular solutions, presenting G’<G”
at low frequencies and a cross-over at higher
frequencies. In true gels, this type of dependence is
reduced. The 0.5% galactomannan solution showed
frequency-dependence with no cross-over.

The mechanical spectrum of the MD dairy
dessert group (figure 3b) displayed a storage modulus
(G’) that was greater than the loss modulus (G”),

exhibiting characteristic gel behavior in all examined
frequency ranges. Nonetheless, the difference between
the gel moduli in the dairy desserts characterized
these systems as weak gels. The MD-Sg storage
modulus (G’) was 9.0 times greater than that of the
MD sample, which may be related to the diminishing
sucrose that modified the gel structure by inducing
a cross-linked formation. In contrast, the decrease of
galactomannan (MD-QG) promoted gel characteristics,
with an elastic modulus that was less dependent on
frequency. Similar behavior was observed with the
less frequency-dependent gel system obtained by
galactomannan addition in MD/2 (figure 3c). The
MD/2+M and MD/2+Sg dairy desserts presented the
highest frequency-dependent moduli.

The mechanical spectra as a function
of temperature were also investigated for the
galactomannan solutions as well as the MD and MD/2
dairy dessert groups. The storage moduli (G’) were
smaller than the loss moduli (G””) for both galactomannan
solutions (0.5 and 1.7%) at 10 °C, and the absolute
values of the moduli were decreased by heating (figures
4a and 4b). Galactomannans behave as typical neutral
polysaccharides because they are rich in hydroxyl
groups, which are involved in inter-chain H-bonds,
contributing to high G’ values. However, some of
these H-bonds are disrupted at higher temperatures,
which promotes a decrease in the absolute values of
G’. ALBUQUERQUE et al., (2014) observed similar
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MD/2 dairy desserts group (C).

Figure 3 - G’ and G” moduli frequency dependence for the 0.5% and 1.7%
galactomannan solutions (A), MD dairy desserts group (B) and

results when evaluating the rheological behavior of
Cassia grandis seed galactomannan solutions at different
concentrations. In contrast, all the MD and MD/2 dairy
dessert samples presented solid-like behaviors (G’>G”)
over all analyzed temperature ranges (5 at 80 °C) with
lower G’ values in the 5 to 50 °C temperature range,
which was similar to the behavior of the galactomannan
solution, and higher G’ values at 50 to 80 °C (Figures

4c and 4d). Temperatures above 50 °C induced changes
in the chemical structure of polymers in the desserts
(proteins, starch and galactomannan), which can promote
chain aggregations that contribute to increased G’ and
G” values. Similarly, C. pulcherrima galactomannans
induced a synergic effect when the MD-G sample
showed G’ and G” values that were significantly lower
than those of the MD sample (Figure 4c). In fact,
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Figure 4 - The mechanical spectra of the 0.5% (A) and 1.7% (B) galactomannan solutions, MD dairy desserts group (C)
and MD/2 dairy desserts group (D) as a function of temperature.

modifications in the intermolecular network can be
induced when formulations, and especially food
products, are submitted to temperature cycles, thus
improving industrial applications. A synergistic
effect in the Mimosa scabrella galactomannan and
milk protein system was also observed by PERISSUTTI
etal., (2002).MD.

The MD/2 dairy dessert group showed
decreasing moduli values (G’ and G”) until 50°C (figure
4D); however, MD/2 presented continuous reduction until
80 °C. At 50 °C, the MD/2+S, MD/2+Sg and MD/2+G
moduli increased, and the addition of galactomannan to
MD7/2 promoted the highest G” and G” values, thereby
suggesting that galactomannans contribute to polymeric
intermolecular interactions in the 50-80 °C temperature
range. The MD/2+M dessert had incongruent points, which
were most likely due to molecular structure disruption
and gel character loss (VRIESMANN et al., 2009).

CONCLUSION

Caesalpinia pulcherrima seeds is source of
galactomannan with physicochemical characteristics of

commercial importance, presenting property thickener,
pseudoplastic behavior and hysteresis that ranged with
the concentration in aqueous solution and synergism
when in presence of starch, milk protein and
sucrose in dairy desserts. The viscoelasctic behavior
of galactomannans concentrated aqueous solution
were more affected by frequency and temperature.
Effect similar was observed with dairy desserts in
presence of milk. Therefore, the galactomannan from
Caesalpinia pulcherrima constituted a versatile
and alternative thickener agent for to be used in
foods of dairy bases.
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