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Abstract

The effects of replacing cocoa butter with different percentages and proportions of a mango kernel fat/palm
olein (MKF/POL) blend, are reported. Samples were prepared by melting together mango kernel fat, palm olein,
cocoa butter and cocoa mass and powdered sugar combinated. The samples were milled, conched, tempered,
and molded to obtain three sets of seven samples as follows: one control omitting mango kernel fat and palm
olein, and six samples with cocoa butter replacement of 15 and 22.5% and MKF/POL ratios of 2.3, 4.0, and 9.0.
Casson viscosity, Casson yield stress, fat bloom and sensory acceptability were all measured. In fact, all samples
had achieved a low Casson viscosity (n.,) and Casson yield stress (), which indicates molding and enrobing as
appropriate uses. In addition, some significant differences (p < 0.05) were found among samples. Fat bloom was
accelerated in the samples relative to control, but high MKF proportions tended to retard appearance of fat bloom.
No differences were observed in organoleptic properties between samples and control.

Key words: Accelerated bloom, Casson viscosity, Casson yield stress, chocolate coatings, CBE, general acceptability,
rheology.

Resumen

Se reporta los efectos de la sustitucion de manteca de cacao con diferentes porcentajes y proporciones de mezclas
de grasa de almendra de mango/oleina de palma (GAM/ODP). Las muestras fueron preparadas fundiendo la
grasa de almendra de mango, la oleina de palma, la manteca de cacao y pasta de cacao; se mezclaron con el
azuicar en polvo. Las muestras se molieron, concharon, atemperaron y moldearon para obtener tres grupos de
siete muestras: un testigo sin sustitucion de manteca de cacao y seis muestras con reemplazos de manteca de
cacao de 15y 22.5% y con proporciones GAM/ODP de 2.3, 4.0 y 9.0. Se midieron la viscosidad de Casson, valor
minimo de fluencia, eflorescencia de grasa y aceptabilidad general. Todas las muestras tuvieron bajos valores de
viscosidad de Casson (n.,) y valor minimo de fluencia (), lo que indica su uso apropiado para moldeo o cobertura;
se hallaron algunas diferencias significativas (p < 0.05) entre las muestras. La aparicion de eflorescencia de grasa
fue acelerada en las muestras, con relacion al control, pero las proporciones altas de GAM tendieron a retardar la
aparicién de la eflorescencia. No se observaron diferencias entre las propiedades organolépticas de las muestras
y del control.

Palabras clave: Aceptabilidad general, cobertura chocolate, eflorescencia acelerada, MCE, reologia, valor minimo
de Casson, viscosidad de Casson.
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Introduction

Cocoa butter is an important binder of key
ingredients (cocoa powder, sugar, etc.) in chocolate
coatings, which presents a major impact on
their emergent sensory and physical properties
(Kaphueakngam et al.,, 2009). Cocoa butter is
comprised of 35.9 mol% oleic acid (O), 30.7
mol% stearic acid (S) and 27.7 mol% palmitic
acid (P), which combine to predominantly form
monounsaturated triglycerides as follows: POP, POS
and SOS, respectively (Kaphueakngam et al., 2009).

Cocoa butter is the most expensive ingredient
in a chocolate formulation (Stauffer, 2005). Nume-
rous factors such as uncertainties in supply and
demand, variable quality and high cost compared
to other fats have driven a search for alternatives to
cocoa butter as well as regulations as to what may
be added to chocolate coatings. For this reason, Co-
coa Butter Equivalents (CBE), or blends of different
vegetable fats producing the appropriate ratio of
POP, POS and SOS, which had achieved for many
years to mimic the physical and sensory properties
of cocoa butter (Beckett, 2008). Conventionally,
CBE are produced by blending Palm Mid Fraction
(PMF) with one or more types of approved fats which
are high in SOS content such as sal (Shorearobus-
ta), shea (Butyrospermumparkii), and Borneo tallow
(Shoreaspp). In addition, blending mango kernel fat
(MKF) and PMF or palm olein (POL), all permitted
by the European Directive, could be used as CBE,
but this has not been researched thoroughly.

Using CBE to prepare chocolate flavored coa-
tings requires optimizing triglyceride ratios so the
product has desirable physical and organoleptic
characteristics. Rheological properties such as
Casson viscosity (IOCCC, 2000) can be modified
by changing triglyceride ratios in chocolate pro-
ducts. In addition, preparation of products that
are resistant to fat bloom is desirable. Fat bloom is
a phenomenon which forms a whitish haze, white
spots, and/or a dusty appearance on chocolate
surface (Beckett, 2008) and is caused by the light
scattering of fat crystals (more than 5 um), which
slowly form on the chocolate surface (Hartel, 1999).
Bloom is the result from bad tempering, improper
preparation temperature, storage conditions, inco-
rrect cooling methods, and/or fats crystallization,
which are incompatible with cocoa butter. (Hartel,
1999; Kinta & Hartel, 2010; Lonchampt & Hartel,
2006). In this sense, changing the triglyceride ratios
in chocolate products may also influence organo-
leptic properties such as mouth feel and taste.

In the present work, we study the effect of
substituting cocoa butter with different amounts
and ratios of MKF and POL on the rheological
properties, fat bloom, and general sensory accep-
tability of chocolate—flavored coatings.

Rheological, fat bloom, and sensory acceptability effects of mango kernel fat
and palm olein blends on chocolate-flavored coatings.

Materials and methods

Materials

Mango kernel fat, palm olein, cocoa mass and
cocoa butter, soy lecithin, and sugar were
obtained from Dr. Adorable, India; Palmas,
Espino, Peru; ROMEX, Peru; MONTANA S. A,
Peru; and Universal S. A., Peru, respectively.

Production of chocolate-flavored coating

A set of six treatments (TR1-6) and one CBE-free
control (TRO) were formulated according to Table
1. The cocoa butter was replaced at two levels:
4.8 and 7.2% of finished product mass, and the
MKF/POL ratio was 2.3, 4.0 or 9.0.

Table 1. Test sample formulation

Ingredients (%) %0””0' TRT TR2 TR3 TR4 TR TR6
Sugar 47.60

Cocoamass 40.00

Soy lecithin 0.40

Cocoabutter 12.00 7.20 4.80

Mango kernelfat

(MKF) 0.00 336 384 432 504 576 648
Palm olein(POL)  0.00 144 096 048 216 144 072
Total fatcontent ~ 32.0 32.0 32.0

MKF/POL ratio N/A 2.3 4.0 9.0 23 4.0 9.0

MKF/POLblend,
weight of total N/A
fat

15.0/100 22.5/100

For each formulation, the mango kernel fat, palm
olein, cocoa mass and part of the cocoa butter
were melted together and mixed with sugar at
40°C for one hour (using stand mixer model
TH-350P, Thomas). This mixture was refined to
less than 30 um particle size using five passes
in a motor-operated grinder. The blend was then
conched at 50 °C for 4 h using a mixer, the rest
of the cocoa butter and the soy lecithin were
added during the conching at the third hour
to give the chocolate-flavored mix the desired
flow characteristics. The chocolate coating was
then tempered (Beckett, 2009), poured into 30
x 30 x 15 mm chocolate molds, cooled at 12 °C
(refrigerator Bosch), unmolded from the forms
when solid.

Assessment of chocolate-flavored coatings

Rheological properties

Casson viscosity and Casson shear stress of
chocolate-flavored coatings were measured using
established procedure (IOCCC, 2000). Briefly,
100 g of sample was melted at 50 °C for 75
minutes. A 15 g aliquot at 40 °C was added to a
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coaxial cylinder RVDV-III+ Brookfield rheometer,
with Spindle 27 and 13RP chamber with a
thermostatic water jacket. Shear stresses at rates
from 0.34 to 17.0 s' were measured and fitted to
the Casson-Steiner equation.

Fat bloom

An accelerated bloom study was conducted by
exposing test samples to a daily temperature cycle
(30 £ 1°C for 8 hours and 20 * 1°C for 16 hours,
Memmert Incubator) at 86% relative humidity
(using a desiccator with saturated potassium
chromate solution) for up to 20 days. Color was
measured using The HunterLab color model (L*,
a*, b*) prior to the test and every other day during
temperature cycling using a Konica Minolta CR-
400 colorimeter (Zarringhalami, Sahari, Barzegar
& Hamidi-Esfehani, 2010). The whiteness index
(WI) was calculated from the color model (Lohman
& Hartel, 1994).

Sensory evaluation

Sensory acceptability of chocolate-flavored
coatings was evaluated using a 9-point hedonic
scale by 40 untrained judges (Anzaldtia-Morales,
2005), selected from undergraduate students of
the of the Food Science program, Universidad
Privada Antenor Orrego, Trujillo-Peru.

Statistic analysis

Experimental rheological and fat bloom data were
subjected analysis of variance (ANOVA) and Duncan’s
multiple range test. Friedman and Wilcoxon tests
were applied to sensory data. Statistical analysis
was performed with the support of SPSS version 20.0
for Windows®. All measurements and experiments
were conducted in triplicate.

Results

Table 2, summarizes the Casson viscosity and
yield stress calculated from the data presented
in Figure 1.

Table 2. Casson viscosity and yield stress on chocolate-flavored coatings

Sample MKE/
(MKF/POL CassonViscositand  Cassonyield
POL
blend of ratio (Pa.s) stress (Pa)
total fat)
Control TRO 0.0 2.042 8.60°
TR1 2.3 2.17° 9.31°
15.0/100 TR2 4.0 2.76% 8.63?
TR3 9.0 2.20° 7.20°
TR4 2.3 2.98* 10.45°
22.5/100 TR5 4.0 2.39 7.65
TR6 9.0 3.452 10.422

@ Average of three measurements
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Figure 1. Rheograms of chocolate-flavored coatings.

Figure 2, shows how whiteness index (WI)
changes during the accelerated bloom study, for
all samples, Wl increased over time, but the initial
rate was variable.

Whiteness Index (WI)

0 2 4 6 3 10 12 14 16 18
Days of Cycling

Figure 2. Whiteness index of chocolate-flavored coatings according to storage
time.

Figure 3, shows the day we observe the first
appearance of fat bloom in the test samples.
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Figure 3. Days before the first appearance of fat bloom on chocolate- flavored
coatings.



Figure 4, shows four areas of possible application
of chocolate-flavored coatings, according to their
rheological characteristics: molding, enrobing,
hand-dipping and chocolate chips.
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Figure 4. Casson viscosity and Casson yield stress related to application usage
in chocolate confectionery industry.

Source: Adapted from Blommer (2005).

Discussion

Chocolate rheology

We observe an increase in shear stress as shear
rate increases for all samples with very similar
slopes. In addition, extrapolating the curves gives
a nonzero shear stress at a shear rate of zero
(Figure 1). This yield value is a measure of the
shear stress necessary to start flow and is typical
of Bingham plastics. Low yield values will provide
thin coatings while high yield values are more
appropriate for chocolate drops.

The first derivative of the curves in Figure 1,
is a measurement of the plastic viscosity of the
samples, or the shear stress necessary to main-
tain a constant flow (Table 2). An inspection of
the slopes indicates a decrease in viscosity as
shear increases, which supports the model that
chocolate is a suspension of particles in a fat pha-
se (Stauffer, 2005; Beckett, 2009). The viscosity
determines how well the chocolate will flow into a
mold. Significantly lower viscosity decreases the
flow resistance such as in chocolate mixing and
pumping (Beckett, 2009).

Each value of Casson viscosity and yield stress
is an average of 3 independent tests. Casson vis-
cosity ranged from 2.17 to 3.45 Pa.s (Table 2),
which is within the 1.51-5.56 Pa.s range for eight
CBE commercial dark chocolate coatings measu-
red previously (Visotto et al., 1999). Therefore,
the coatings tested here could be transported by

Rheological, fat bloom, and sensory acceptability effects of mango kernel fat
and palm olein blends on chocolate-flavored coatings.

pipes and pumps already in use for other coatings
without optimization.

Samples TRO and TR1 had the lowest, while
TR4 and TR6 had the highest Casson viscosities.
TR4 and TR6 contained the highest cocoa butter
replacement (22.5%) as well as higher MKF con-
tent of 5.04% (TR4) and 6.48% (TR6), as compa-
red to the other 15% cocoa butter replacement
treatments. From these observations, it seems
that the MKF content is weakly correlated with
the Casson viscosity value for chocolate-flavored
coatings.

Experimental Casson yield stress (Pa) values
ranged from 7.20 to 10.45 Pa, which agrees well
with the CBE commercial dark chocolate coating
range of 7.11 to 15.26 Pa measured by Visotto
et al.(1999). This parameter is affected by par-
ticle-particle interaction, specific surface area,
amount of particles, emulsifiers and moisture
content (Afoakwa, Paterson, Fowler & Ryan,
2007). Samples TR3 and TRS had the lowest
and TR4 and TR6 had the highest yield values
as compared to other treatments.

A two-factor ANOVA was performed in order
to study if replacing cocoa butter with MKF/POL
or whether the MKF/POL ratio had an effect on
Casson viscosity and Casson yield stress. ANOVA
results indicated that the two factors and their
interactions have a significant effect (95% confi-
dence level) on the Casson viscosity and Casson
yield stress of chocolate coating. We observe three
separate groupings of samples in which we were
unable to see statistical significance, but between
which we saw differences: group 1 (TR3, TRS and
TR2), group 2 (TRS5, TR2 and TR1) and group 3
(TR2, TR1, TR6 and TR4).

Fat bloom

We observe that sample TRO had achieved the
lowest WI on day 18 of storage, with 26.27 WI;
while TR1 and TR2 treatments showed the highest
values, with 31.17 WI and 30.07 WI. A 30.00
WI at 75% RH usually denotes an unpleasant
appearance (Lonchampt & Hartel, 2006). Such
values near the end of the study indicate that
only some of the coatings chocolate tested in this
work, will only have an unpleasant appearances
after exposure to extreme conditions (Figure 2).
However, WI was lower in the 100% cocoa butter
formulation after day 2. In fact, a Wl increased for
test samples could be explained by crystallization
of incompatible fats.

Sonwai, Kaphueakngam & Flood (2014), ob-
served that WI of freshly-tempered cocoa butter
and a 95:4:1 CBE mixture of cocoa butter: MKF:
PMF, were not significantly different. During a
period of four months of incubation at 25°C, WI
of the mixture, increased continuously before
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reaching a stationary phase. However, WI of the
cocoa butter remained approximately the same
for the first four months and then increased
slowly but continuously for the remaining two
months. In contrast, we observe that WI increased
for all samples during our experiment without
going through a latent phase, which may be due
to our storage conditions, which strongly favor
a rapid bloom. Samples TR1-6 had steeper WI
versus time slopes, which means a fat bloom was
accelerated compared to the sample of pure cocoa
butter (Figure 2).

Ali, Seltman, Che, & Suria (2001), investigated
the effect of storage temperature on texture, poly-
morphic structure, sensory attributes and bloom
formation of filled dark chocolate. No bloom
was observed when the samples were stored at
18°C. However, bloom was observed after one
week at 30°C. The bloom was found to be due to
recrystallization of the PMF, coconut and cocoa
butter triglycerides mixture (Laustsen, 1991).
PMF crystallizes out as form III or B’-2 because
it is usually contaminated with PPO and other
unsaturated glycerides from palm olein (Kheiri,
1982). Likewise, POL was used in this work could
have promoted bloom due to its similar character-
istics. TR1, TR2, and TR3 had the highest WI at
the end of the experimental run, indicating that
their formulations best promoted fat bloom. The
highest WI was measured for TR1, which has a
high POL to MKF proportion.

The first appearance of fat bloom in test sam-
ples, was defined as the first day with a significant
difference in whiteness index for treatments with
respect to whiteness index Day O of TRO (Dun-
nett’s test). It was observed that comparing Figure
3 and Table 1, makes it clear an increasing in co-
coa butter substitution, which tends to decrease
the number of days before fat bloom is observed.
In addition, decreasing the amount of POL in the
samples tends to increase the time to fat bloom
in both addition groups (TR1-3 and TR4-6). TR3
and TR6 treatments had the appearance of fat
bloom on the seventh day, while the TR1, TR4,
TRS and treatment TRO at the third day.

Beckett (2008), mentioned that triglycerides
containing two molecules of oleic acid are primar-
ily liquid at room temperature. The POL used in
this experiment has a minimum iodine value of
59. These results are comparable in variability to
the report by Gunstone (2011), who affirm that
palm olein present an iodine value, which is com-
prised to 30.2% of POO triglyceride. Given these
concerns, fats had achieved a low compatibility
with cocoa butter and an increasing proportions
of POL in the product, which can promote an
earlier bloom. Owing to its high and evident com-
parison between TR1, TR2 and TR3, respectively
(3, 4 and 7 days without fat bloom). Under these
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extreme conditions, can be inferred that mango
kernel fat (MKF) behaves like anti fat bloom agent
by delaying fat bloom for up to four days.

Duncan’s multiple range test results indicated
a significant differences among samples for fat
bloom, which represented as whiteness index,
between TRO (control) and the other treatments
(TR2, TR3 and TR6, respectively).

Sensory evaluation

All of the test samples not show significant
differences in their sensory properties or general
acceptability when compared to TRO. Also, all
blends did not show any solid content at 32-35°C.
Therefore, chocolate coatings had desirable melt-
in-the-mouth characteristics.

Possible application in the chocolate
confectionery industry of chocolate-flavored
coatings

According to their rheological characteristics,
which are as follows: molding, enrobing, hand-
dipping and chocolate chips, respectively
(Bloomer, 2015). Of the seven experimental
samples, the control and six of them, are
located in two areas of low Casson viscosity, low
minimum yield stress. In fact, treatment TR6 (sky
blue dot), does not appear in any of the mentioned
application areas.

From a practical perspective, CBE applications
based on rheological properties, TR1 is very
similar to TRO and both, are appropriate for
molding and enrobing. In addition, TR2 and TR4,
produce chocolate-flavored coatings appropriate
for enrobing and TR3 and TRS5 may be useful for
molding applications.

Conclusions

We report a rheological, fat bloom and sensory
acceptability analysis of six different chocolate
coating preparations with different substitutions
amounts and ratios of MKF and POL. It was
observed that sensory acceptability was not
statistically different among samples and all
samples had achieved a desirable melt-in-mouth
characteristics.

Conversely, the tested samples had achieved
a relatively low Casson viscosities and yield
stress, which have allowed a most appropriate
for molding and enrobing. In addition, MKF
content tends to increase viscosity. Although
viscosities and yield stress were similar, there
were statistically significant results among
sample groups.



Degree and rate of fat bloom in test samples
was increased, as WI for the 100% cocoa butter
formulation was always lower after day 2 of fat
bloom study. CBE are thought to contribute an
increasing in fat bloom due to introduction of
incompatible fats which crystalize on the sample
surface. However, appearance of fat bloom may
be retarded by addition of more MKF to the blend
under certain circumstances.
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