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Food Technology/ Original Article

Technological and nutritional
aspects of dark chocolate
with added coffee husk flour

Abstract — The objective of this work was to produce dark chocolates with
the addition of coffee husk flour (CHF) and to evaluate the generated effects
on their physical, physicochemical, microbiological, textural, and rheological
characteristics. Husks of the Pacamara coffee (Coffea arabica) variety,
produced under organic management, were used. The samples were previously
dried, ground, and sieved at 0.250 mm. Five chocolate formulations were
previously standardized at 55% content of cocoa solids (mass and cocoa butter)
and at 0.4% soy lecithin. The addition of CHF was tested at the concentrations
of 0, 2.5, 5.0, 7.5, and 10%, using a completely randomized design and three
replicates. The addition of CHF up to 10% alters the physicochemical,
textural, and rheological properties of the chocolate formulations, but without
compromising their composition and quality. The tested formulations only
differed regarding hardness and cohesiveness, evaluated in the texture profile.
The hardness of the chocolate formulations increases as CHF is added.

Index terms: Coffea arabica, by-product, Casson model, color, rotational
test, sustainability.

Aspectos tecnolégicos e nutricionais
de chocolate amargo com adig¢ao
de farinha de casca de café

Resumo — O objetivo deste trabalho foi produzir chocolates amargos com
adicao de farinha de casca de café (CHF) ¢ avaliar os efeitos gerados nas
suas caracteristicas fisicas, fisico-quimicas, microbiologicas, de textura e
reologicas. Foram utilizadas cascas da variedade de café (Coffea arabica)
Pacamara, produzida com manejo organico. As amostras foram previamente
secas, moidas e peneiradas a 0,250 mm. Cinco formulag¢des de chocolates
foram previamente padronizadas em 55% de teor de s6lidos de cacau (massa e
manteiga de cacau) e em 0,4% de lecitina de soja. A adi¢do de CHF foi testada
nas concentragdes de 0, 2,5, 5,0, 7,5 e 10%, tendo-se utilizado delineamento
inteiramente casualizado e trés repeti¢des. A adigdo de CHF até 10% altera
as propriedades fisico-quimicas, de textura e reoldgicas das formulagdes
de chocolate, mas sem comprometer sua composicdo e sua qualidade. As
formulacdes testadas diferiram apenas quanto a dureza e a coesividade,
avaliadas no perfil de textura. A dureza das formulagdes de chocolate aumenta
a medida que a CHF ¢ adicionada.

Termos para indexacio: Coffea arabica, subproduto, modelo Casson, cor,
teste rotacional, sustentabilidade.
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Introduction

The ingredients used in chocolate formulations are
varied and depend on regional and cultural preferences
and on the country’s legislation regarding cocoa
(Theobroma cacao L.) concentrations, milk solids,
and permitted amounts and types of vegetable fats
(Afoakwa, 2016).

Several studies available in the literature have
been exploring the production of chocolates using
unconventional ingredients, such as raspberry leaves
(Barisi¢ et al., 2020), blackberry juice encapsulate
(Loncarevi¢ et al.,, 2018), grape pomace products
(Bolenz & Glode, 2021), and cinnamon (Muhammad et
al., 2018), which are added as powder material, extract,
or in encapsulated form, since they bring nutritional
and functional enrichment to food products.

A possible alternative ingredient is coffee husk
flour, a by-product of coffee farming that has a high
amount of antioxidant compounds, such as caffeine,
chlorogenic acid, trigonelline, and diterpenes, but
whose application is still limited (Lee et al., 2023).
According to these authors, although the coffee (Coffea
arabica L.) industry generates considerable amounts
of by-products at all stages of its production chain, the
husk is the most abundant, with an estimated 0.18 ton
generated for each ton of dry-harvested coffee. In this
scenario, researches on the exploitation of coffee by-
products can contribute to reduce the environmental
impacts caused by the disposal of these residues, in
addition to generating income and jobs considering the
high chocolate consumption worldwide, consequently
improving the sustainability of the coffee production
chain.

The objective of this work was to produce dark
chocolates with the addition of coffee husk flour and
to evaluate the generated effects on their physical,
physicochemical, microbiological, textural, and
rheological characteristics.

Materials and Methods

The used husks were from the Pacamara coffee (C.
arabica) variety, produced under organic management
at Fazenda Floresta, located in the municipality
of Ibicoara, in the state of Bahia, in the Chapada
Diamantina region, Brazil.

Before their physicochemical characterization, the
coffee husks were crushed in the SL-031 Willey-knife
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mill (Solab: Equipamentos para Laboratorio, Piracicaba,
SP, Brazil) and, then, sieved to 0.25 mm particles.

The following variables were determined according
to Association of Official Analytical Chemists (AOAC,
2010): moisture by method 984.25; ash by method
925.51; titratable acidity by method 942.15; hydrogen
potential (pH) by method 981.12; water activity (a,), at
25+1°C, using the Aqualab-4TE analyzer (Decagon
Devices Inc, Fisher Scientific, Waltham, MA, USA);
and total protein by method 920.152. Total lipids were
obtained as described by Bligh & Dyer (1959). Reducing
sugars were determined by the 3,5-dinitrosalicylic acid
method (Miller, 1959), being neutralized with NaOH
solution; this same analysis was used to obtain total
sugars, but the samples were subjected to hydrolysis
with concentrated HCI under heating before being
neutralized. Non-reducing sugars were calculated by
the difference between the contents of total sugars and
reducing sugars, with results expressed in milligram of
glucose per 100 milliliter.

The mineral composition of the coffee husks
was determined using the Vista-PRO inductively
coupled argon plasma optical emission spectrometer
(Varian Australia Pty Ltd., Mulgrave, Australia),
simultaneously with an axial array, Sturman-Master
nebulization chamber, and V-groove nebulizer,
equipped with a solid-state detector with charge-
coupled device (CCD) arrangement. Argon with a
99.998% purity (White Martins Gases Industriais
Ltda, Rio de Janeiro, RJ, Brazil) was used as the
carrier gas. All determinations were performed
with three replicates, expressed in milligrams of the
corresponding mineral per kilogram of sample. The
operating conditions of the equipment were: 40 MHz
radiofrequency generator, 1.3 kW radiofrequency
generator power, 1 s signal integration time, 15 L min™!
main argon flow, 1.5 L min auxiliary argon flow, 0.8
L min"' nebulization argon flow, 200 kPa nebulization
pressure, 2.0 mL min! peristaltic pump speed, barium
emission line CCD detector at 285.213 nm, carbon at
193.027 nm, calcium at 422.673 nm, copper at 324.754
nm, iron at 238.204 nm, potassium at 766.491 nm,
magnesium at 285.213 nm, manganese at 257.610 nm,
and sodium at 588.995 nm.

The evaluated chocolate formulations were
previously standardized at 55% content of cocoa solids
(mass and cocoa butter) and at 0.4% soy lecithin. Their
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sugar content varied according to the addition of coffee
husk flour at 0, 2.5, 5.0, 7.5, and 10% (Table 1).

The chocolate formulations were produced in the
Spectra 11 Melanger stone mill (Spectra: Melangers
& Equipment, Coimbatone, India), at an average
temperature of 57+2°C, where the conching and
refining stages were carried out. Afterwards, the cocoa
mass was added through homogenization for 1 hour.
Sequentially, the sugar, the coffee husk flour, and part
ofthe cocoa butter were slowly mixed together and kept
under stirring for 21 hours. Afterwards, the remaining
amount of cocoa butter was added and, lastly, lecithin,
30 min before the end of chocolate production, totaling
24 hours of processing.

The obtained mixture was subjected to a tempering
step for 30 min at 45°C, under constant agitation, in the
Mini Chocomachine tempering machine (Finamac,
Sao Paulo, SP, Brazil). Then, the mixture was allowed
to reach 30°C for molding in acrylic molds.

The molded chocolates were cooled to 4°C and,
subsequently, packaged in coated paper and stored
at room temperature (25+2°C) until the time of
analysis (physicochemical, color, microbiological,
granulometric, rheological, and texture).

The same physicochemical variables previously
described were determined for the chocolate
formulations.

Each formulation was subjected to instrumental color
analysis using the ColorQuest XE spectrophotometer
(HunterLab, Reston, VA, USA) and the three-
parameter reading system, CIELAB, proposed by the
International Commission on Illumination (Shanda,
2007). The L* a* and b* parameters were provided
by the Colorquest XE colorimeter (HunterLab, Reston,
VA, USA), in which L* defines luminosity (L* =0 black
and L* = 100 white), and the a* and b* coordinates are
responsible for chromaticity (+a* red, —a* green, +b*
yellow, and —b* blue). The whiteness index (WI) was

calculated as a function of the L*, a* and b* values,
using the equation (WI) = 100-[(100-L*)* + (a*)* +
(b*)*]°3, as proposed by Baycar et al. (2022).

The presence of Salmonella, total coliforms at 35°C,
thermotolerant coliforms at 45°C, molds, and yeasts
was investigated. All analyzes were performed in
accordance with the Food and Drug Administration
(FDA, 2024).

The granulometry of the chocolate particles was
determined using the Mitutoyo digital micrometer,
with a scale from 0 to 25 pm (Mitutoyo Sul Americana,
Jundiai, SP, Brazil). For this, a sample fraction of
chocolate was previously melted on a metal plate, to
which mineral oil was mixed with the aid of a spatula.

For the rheological analysis of the chocolate
formulations, the rotational test was performed using
the Haake-MARS II rheometer (Thermo Fisher
Scientific, Waltham, MA, USA), with the unpolished
C35/2Ti cone-plate sensor with a gap of 0.105 mm
and a thermostatic bath at 40°C (Eischen & Windhab,
2002). The results were determined using the Rheowin
software (Thermo Fisher Scientific, Waltham, MA,
USA). The controlled shear rate test was conducted in
the following three steps: 0.00 1/s to 65.00 1/s, t = 180
s; 65.00 I/s, t = 60 s; and 65.00 1/s to 0.00 1/s, t = 180
s. The obtained plastic viscosity and initial stress data
were suitable for Casson’s equation (Bourne, 2002).

For the texture analysis, the used samples were
in the following format: 2.5 cm in height x 1.5 cm
in diameter, with a mass of approximately 10 g.
The chocolates were textured in the TA.HDplus
texturometer, equipped with the Extended Craft Knife
A/ECB probe (Stable Micro Systems Ltd, Surrey,
United Kingdom), programmed to directly measure the
following texture attributes: hardness, fracturability,
adhesiveness, elasticity, cohesiveness, gumminess,
and chewiness. The established parameters were: pre-
test speed of 1.0 mm s, test speed of 1.0 mm s, and

Table 1. Formulations (F1-F5) of dark chocolate (55% total cocoa solids) with the addition of coffee (Coffea arabica) husk

flour.

Ingredient F1 F2 F3 F4 F5

Cocoa mass 49.00 49.00 49.00 49.00 49.0
Cocoa butter 6.00 6.00 6.00 6.00 6.0
Refined sugar 44.60 42.10 39.60 37.10 34.6
Soy lecithin 0.40 0.40 0.40 0.40 0.4
Coffee husk flour 0.00 2.50 5.00 7.50 10.0
Total 100 100 100 100 100
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post-test speed of 2.0 mm s, using a 50% strain rate
and a data acquisition rate of 200 points per second.
The texture attributes were read in ten replicates per
repetition (Bourne, 2002).

To evaluate the breaking strength of the chocolates
(force versus deformation curve), medal-shaped
samples (5.0 cm in diameter and 0.3 cm in thickness)
were subjected to a maximum breaking force,
expressed in kilogram-force, using a strain rate of 2.0
mm s, compression distance of 5.0 mm, and trigger
of 0.09 N. The force values obtained in each test were
divided by the cross-sectional area of each evaluated
product, and rupture stress was expressed in kgf (cm?)!
and converted to Newton.

The experiments were conducted using a completely
randomized design, with five formulations of dark
chocolate with the addition of 0, 2.5, 5.0, 7.5, and 10%
of coffee husk flour as a substitute to sucrose, in three
replicates. The results were subjected to the regression
analysis as a function of treatments, at 5% probability.
Mathematical models were selected according to
significant effects (p<0.05), considering the lack of
nonsignificant adjustment (p>0.05) and coefficients
of determination (R?). All analyzes were performed
using the SAS statistical software, version 9.0 (SAS
Institute Inc., Cary, NC, USA).

Results and Discussion

The mineral composition of coffee husk flour
(average levels) and its effect (percentage) on the
mineral enrichment of dark-chocolate formulations
are shown in Table 2. The variations observed in the
mineral composition of coffee husks can be attributed
to differences in harvest time, cultivation region, and
percentage of parchment and pulp, among other factors
(Arya et al., 2022).

Despite these differences, coffee husk flour, due to
its mineral composition, increased the nutrient content
of dark chocolate, which, consequently, becomes
an alternative to improve the consumption of these
nutrients and, when combined with other sources, also
contributes to their minimum daily intake. However,
further studies are needed on the bioaccessibility of
these elements, covering risk assessments, nutritional
evaluations, and how variations in gastrointestinal
conditions could affect bioaccessibility (Peixoto et al.,
2016).
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As for granulometry, the particle size of the dark-
chocolate formulations remained between 0.20 and
0.22 um, with no significant difference (p > 0.05) due
to the addition or not of coffee husk flour. Therefore,
according to the granulometry analysis, when added
at the evaluated concentrations, coffee husk flour
did not affect this important quality parameter. Arya
et al. (2022) highlighted that particle size influences
the physical and sensory characteristics of chocolate,
such as sandiness, perceived as rough or large particles
in the product when melted in one’s mouth. Bohme
et al. (2016) recommend that the particles must be
smaller than 30 pum, ideally between 20-25 pum, to be
imperceptible to the consumer. In the present study,
the size of the particles of the coffee husk flour added
to the chocolate formulations was within the range
considered ideal.

A linear increase in moisture from 1.12 to 1.86%
was observed in the chocolate formulations, being
attributed to the addition of coffee husk flour, which
contained 9.5% moisture, compared with that of
chocolates, which is less than 1.0% (Afoakwa, 2016).
However, higher levels of moisture can result in the
formation of sugar bloom, as well as increase the
viscosity of the product (Beckett et al., 2017).

The increasing addition of coffee husk flour to the
analyzed formulations resulted in a significant linear
increase in ash content (Figure 1 A). Despite this, the
average ash contents were lower than the maximum
regulatory values of 2.5% (USDA, 2024).

Table 2. Mineral composition of coffee (Coffea arabica)
husk flour (CHF) and dark chocolates enriched with
proportions of 0 to 10% CHF.

Mineral CHF® Dark chocolates with CHF
(mg 100 g) (minimum — maximum)®
Barium 0.34+0.01 -

Calcium 241.24427.06 6.03 —24.12
Copper 0.67+0.01 -

Iron 30.484+2.45 0.76 — 3.05
Potassium 2,928.81+56.12 73.22-292.9
Magnesium 98.04+9.67 2.45-9.8
Manganese 0.72+0.01 0.018-0.07
Sodium 24.34+2.10 -

Phosphor 158.28+15.20 3.96-15.83

Zinc 0.75+0.05 -

(OMeans + standard deviation. ®Minimum values refer to chocolates with
the addition of 0% CHF, and maximum values refer to chocolates with
10% CHE. -, not considered due to its low content.
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Figure 1. Impact of the addition of coffee (Coffea arabica)
husk flour at 0, 2.5, 5, 7.5, and 10% to chocolate formulations
on ash content (A), water activity (B), and reducing sugar
content (C).

Acidity presented results that varied from 0.64 to
0.98 meq NaOH 100 g, showing a significant increase
(p<0.05) with the addition of increased concentrations
of coffee husk flour. De Vuyst & Weckx (2016)
pointed out that, in chocolate formulations, acidity is
influenced by fermentation steps, when the formation
of acetic acid occurs, but that, during drying, roasting,
and shelling, this acid is volatilized, which is important
to avoid any negative influence on the formation of
chocolate flavor. In the present work, however, acidity
was only affected by the addition of coffee husk flour
as the same cocoa mass and a standardized shelling
process were used in all chocolate formulations.

Protein content also increased with increasing
concentrations of coffee husk flour, with values
ranging from 6.21 to 7.51 g 100 g

Compared with the other evaluated parameters
(moisture, acidity, and protein), an opposite effect was
observed for a,, which decreased linearly as coffee
husk flour was added (Figure 1 B). Overall, the a,, of
the evaluated chocolate formulations presented lower
levels than those reported in the literature. Beckett et
al. (2017) found values from 0.4 to 0.5 for a,, whereas
Carvalho et al. (2018) obtained similar values of 0.519
for a, when evaluating milk chocolates with 2.15%
of freeze-dried grapes. However, Agibert & Lannes
(2018) obtained a lower a, of 0.358 when analyzing
chocolates produced with encapsulated peanut oil.

Reducing sugar content was the only parameter
that presented a quadratic behavior between the
formulations (Figure 1 C). Regarding sugar contents,
the chocolate formulations with higher values did not
show significant changes in color despite the effect
of the concentration of sugars on the speed of the
Maillard reaction. This result was possibly due to the
used temperature of 57+2°C in the production process,
which likely influenced the homogeneous coloring in
the different formulations.

In the evaluated chocolate formulations, the
following variables did not show a significant linear or
quadratic regression (p>0.05): pH (5.12); lipids (40.72
g 100 g'); total sugars (57.38 g 100 g'); non-reducing
sugars (41.59 g 100 g"); and color, i.e., L* (30.52), a*
(6.60), b* (4.93), and the WI (29.62).

In an efficient conching process, the pH of chocolate
can reach values close to 4.95 to 5.70, considered ideal
for the product (Marchioretto et al., 2024). Afoakwa et
al. (2008) concluded that a low pH and a high content

Pesq. agropec. bras., Brasilia, v.59, €03484, 2024
DOI: 10.1590/S1678-3921.pab2024.v59.03484



6 M.V. da Silva et al.

of organic acids, mainly acetic acid, resulting from the
fermentation of cocoa beans, undesirably affect the
flavor of chocolates.

Regarding the WI, only when visual fat reaches a
relevant level of WI > 35, the color perception of the
product is affected, and the defect called fat bloom
can be identified (Son et al., 2018). The evaluated
dark-chocolate formulations, mainly with a higher
percentage of coffee husk flour, showed WI results
well below the recommended, meaning there was no
migration of fat to the surface of the chocolates.

As to their microbiological quality, all formulations
of dark chocolate with the addition of coffee husk flour
were safe forconsumptionasthere wasno contamination
by Salmonella or by total and thermotolerant coliforms.
According to the International Commission on
Microbiological Specifications for Food (Campagnollo
et al., 2020), the stages of mixing, refining, conching,
and tempering of chocolate have a low influence on the
final microbiota of the product; even under conching
temperatures between 60—-80°C, microorganisms
hardly develop due to the low a,, and high fat content
of chocolate.

The average hardness values related to the breaking
strength of the coffee flour husk added to the chocolate
formulations were: 28.52+4.70 for the concentration of
0% (control), 28.50+3.24 for that of 2.5%, 28.19+5.63
for that of 5.0% 31.40+5.47 for that of 7.5%, and
29.82+5.40 for that of 10%. The evaluated formulations
did not show a significant linear or quadratic regression
(p>0.05) (Figure 2 A), that is, the addition of coffee
flour husk did not cause a greater or lower hardness in
the evaluated dark-chocolate formulations.

Hardness is one of the main parameters used
to determine the structural quality of chocolate.
According to Ostrowska-Ligeza et al. (2019), the
hardness of a finished product represents the physical
structure of a material and its mechanical and surface
properties, being understood as the force necessary
to reach a certain deformation. Konar (2013) added
that hardness in chocolate formulations is correlated
with the type and amount of fat used, type of sugar
used, particle size and distribution, coating conditions,
and shell temperature. These authors also found that
textural properties, such as snap, occur when solid
particles are coated with fat during coating, shelling,
and tempering (Konar et al., 2023). In the present study,
the addition of coffee husk flour to the formulations

Pesq. agropec. bras., Brasilia, v.59, €03484, 2024
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did not cause changes in the texture of the chocolate,
such as the cited snap effect, most likely because the
time and temperature of the shell and tempering steps
were standardized for all evaluated formulations.
According to the obtained results, only the hardness
and cohesiveness parameters of the texture profile of
the dark-chocolate formulations were significantly
affected (p<0.05) by the addition of coffee husk flour.
Hardness specifically presented a decreasing linear
effect (Figure 2 A), with values ranging from 78,21.02
t0 93,893.61 N. This lower hardness with the increasing
addition of coffee husk flour may be related to the
lower amount of added sugar, responsible for textural
characteristics in chocolate formulations (Vasquez
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2 80000
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Figure 2. Linear behavior of hardness (A) and cohesiveness
(B) among chocolate formulations with the addition of
coffee (Coffea arabica) husk flour at 0, 2.5, 5, 7.5, and 10%.
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et al., 2019). The greater softness of the chocolate as
coffee husk flour was added may also be attributed to
the latter’s content of protein, a macromolecule related
to the emulsifying activity that promotes the reduction
of interfacial forces (Ashkezary et al., 2018).

Cohesiveness showed a quadratic effect, with values
ranging from 0.034 to 0.042 (Figure 2 B). Cohesive
forces are responsible for the tension of a surface,
whose tendency is to resist rupture when placed
under tension or stress, corresponding to the extent
to which a material can be deformed before fracture
(Ostrowska-Ligeza & Lenart, 2015). The parameters
chewability (0.56 J) and adhesiveness (3.21 N), which
represent the work required to overcome the force of
attraction between the surfaces of the food and the
one it is in contact with, did not present a significant
linear or quadratic model (p>0.05) for the evaluated
formulations, that is, the addition of coffee husk flour
did not promote a greater or lower chewability and
adhesion between formulations.

The partial replacement of refined sugar by coffee
husk flour affected the rheological parameters
Casson plastic viscosity and Casson initial stress
of the studied formulations, in addition to the linear
correlation coefficients (R?) and thixotropy (Table 3).
The correlation coefficients indicated a good fit of the
experimental data to the Casson model. Moreover,
rotational test parameters, initial stress, plastic
viscosity, and thixotropy did not show a significant
linear or quadratic regression (p>0.05).

According to the rheological analysis, the addition
of coffee husk flour did not significantly interfere in
the rheological properties of the produced chocolate.
Glicerina et al. (2013) highlighted that dark chocolate
presents a very complex behavior related to rheology,
i.e., it has an apparent elastic limit and a plastic

viscosity strictly dependent on its manufacturing
process. Although the values obtained in the present
study are adequate for that parameter, the stress values
are below the limit considered ideal for chocolate
formulations, which must be between 10-200 Pa
(Beckett et al., 2017).

Loncarevi¢ et al. (2018), investigating the effects
of the addition of encapsulated blackberry extract on
the rheological parameters of chocolate formulations,
verified that there was a significant increase (p<0.05)
in the three evaluated parameters (viscosity, tension,
and thixotropy). The authors obtained values that
varied from 0.63 to 1.22 Pa.s for Casson viscosity and
from 4.11 to 6.05 Pa for initial tension, results very
close to those found in the present work.

Product’s with lower tension values show a greater
fluidity. According to Konar et al. (2014), the initial
tension is related to the contact surface of the particles,
meaning that, the smaller the particle size, the greater
the interaction between them, increasing their surface
area, which increases the liquid flow of chocolate.
This easiness in flow observed in the present study
may be attributed to the fact that the granulometry of
the chocolate particles was within the ideal range of
20-25 pm (Bohme et al., 2016).

From the point of view of the energy requirements
for chocolate processing, viscosity and thixotropy are
relevant. The greater the thixotropy of a fluid, the easier
it becomes to pump (Ardakani et al., 2014). Therefore,
optimal values of thixotropy, together with an ideal
yield-point value, are an indicative that coffee husk
flour is a promising substitute for sucrose. Moreover,
the functional characteristics of this by-product add
value to chocolate, whose process conditions and
stability maintenance are favored by the addition of

Table 3. Rheological parameters of chocolate formulations (F1-F5) with the addition of coffee (Coffea arabica) husk flour

(CHF)®,

Formulation 1., (Pa) Nea (Pa.s) R? Thixotropy (Pa. s™)
F1 4.37+0.14 1.194+0.17 0.9942 4645.33+492.03
F2 3.51+0.46 1.08+0.21 0.9946 4064.80+670.48
F3 5.55+0.97 1.11+£0.29 0.9919 4741.00+415.38
F4 6.74+0.84 1.84+0.56 0.9926 5234.334+253.98
F5 5.50+0.87 1.15+0.18 0.9942 4799.00+793.23
Model - - -

(F1, formulation with 0% CHF (control); F2, formulation with 2.5% CHF; F3, formulation with 5.0% CHF; F4, formulation with 7.5% CHF; F5,
formulation with 10% CHF; t.,, initial Casson stress; 1., Casson’s plastic viscosity; and R?, coefficient of determination (correlation coefficient). -, no

significant regression parameter (p > 0.05) for the linear or quadratic model.
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coffee husk flour, showing the positive effects of this
material as a new ingredient in the chocolate industry.

Conclusions

1. Theaddition ofupto 10% of coffee (Coffea arabica)
husk flour promotes changes in the physicochemical,
microbiological, textural, and rheological properties
of the evaluated chocolate formulations, but without
compromising their composition and quality.

2. The addition of coffee husk flour significantly
increases moisture, ash, protein, and acidity, but
decreases water activity in the chocolate formulations,
which, despite these changes, remain in compliance
with the standards established by the Brazilian
legislation and the Codex Alimentarius.

3. Regarding the texture profile of the dark-
chocolate formulations, the addition of coffee husk
flour at 0.0, 2.5, 5.0, 7.5, and 10.0% only affects
hardness and cohesiveness, with the softness of the
chocolate formulations increasing as the coffee husk
flour is added.
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