J Food Sci Technol (July 2023) 60(7):1981-1991 ()] S
https://doi.org/10.1007/513197-023-05732-0 Crmss, ANFSEE

Enfscsing food frafessionsts

ORIGINAL ARTICLE

Development of the dairy products incorporated with co-product
bioactive compounds-rich as an alternative ingredient in the food
industry

Hanna Elisia Araiijo de Barros!? - Lenilton Santos Soares? - Caio Vinicius Lima Natarelli® -
Ana Lazara Matos de Oliveira® - Sérgio Augusto de Sousa Campos? - Ingrid Alves Santos' -

Elisingela Elena Nunes de Carvalho? - Eduardo Valério de Barros Vilas Boas? - Marcelo Franco*

Revised: 15 February 2023 / Accepted: 12 March 2023 / Published online: 25 March 2023
© Association of Food Scientists & Technologists (India) 2023

Abstract The objective was to optimize the phenolic compounds extraction from cocoa shells using the simplex-centroid
design with a mixture of solvents (water, methanol, and acetone) as its components, to prove the presence of these compounds
and antioxidant activity. Also, the development of dairy products, such as milk beverages and dairy desserts, with bioactive
compounds, through the replacement of cocoa powder by cocoa shell was studied and evaluated sensorially. The extraction
optimization indicated that a solvent with 56.44% water, 23.77% methanol, and 19.80% acetone are ideal for maximizing
the phenolic compounds. In addition, the cocoa shell showed a high antioxidant activity by the methods p-carotene/linoleic
acid, FRAP, and phosphomolybdenum complex. The Check-All-That-Apply, Cochran’s Q test, contingency analysis, and
hierarchical cluster analysis allowed description characteristics of the dairy products and showed sensory differences between
formulations with 100% cocoa shell and others. Both dairy products had good sensory acceptance in all attributes evaluated
(appearance, flavor, texture, and overall impression), and their scores did not differ statistically by Tukey’s test (p > 0.05).
Thus, the cocoa shell is shown as an alternative substitute ingredient to be used in the dairy industry.
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Introduction

The demand for food production has been promoting an
increase in the generation of agro-industrial waste (Frei-
tas et al. 2021). The seeds of the cacao (Theobroma cacao
L.) tree, after going through the fermentation, drying,
and roasting processes, are called almonds. The processes
of peeling and fragmenting on the cocoa almonds sepa-
rate the shell from the cotyledons, also called nibs (raw
material for cocoa powder and its derivatives) (Okiyama
et al. 2017; Soares and Oliveira 2022). Cocoa almond
shell, commonly called cocoa shell, is a high-value and
little-explored co-product with color and aroma like
cocoa powder and contains several bioactive compounds
with antioxidant activity, such as phenolic compounds
(Martinez et al. 2012; Okiyama et al. 2017). It is a rich
source of carbohydrates (178.0+0.9 g kg™'), dietary
fibers (504 +21 g kg™!), and proteins (150 +2 g kg™'),
showing a low lipid content (20.2+0.3 g kg™!) (Martinez
et al. 2012; Okiyama et al. 2017; Lessa et al. 2018; Barros
et al. 2020; de Barros et al. 2021; Nogueira Soares Souza
et al. 2022).

Due to its composition and technological potential,
the cocoa shell has been used as an ingredient in food
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preparation. The cocoa shell was used as a substitute
for wheat flour on chocolate cake, the development of
cookies, food bars, chocolates, and chocolate muffins
(Martinez-Cervera et al. 2011; Barros et al. 2020; de
Barros et al. 2021; BariSi¢ et al. 2022; Nogueira Soares
Souza et al. 2022). The cocoa shell has been used in dairy
industries as a food fortification/enrichment of milk and
dairy products (Adinepour et al. 2022).

The milk beverage and flan type dairy dessert are
examples of dairy products widely consumed in all age
groups due to their sensory voluptuousness and, with this,
the better their nutritional formulations with the direct
addition of agro-industrial co-products, such as cocoa
shell, become an alternative that can be explored, besides
adding value to the final products tied to sustainability
(Ozer and Kirmaci 2010). In addition, the consumer
market’s choice and acceptance of a food product are
influenced by the functional properties, the sensory
quality of the products, and the clean label policy, which
values the preparation of healthier and more natural
foods. Therefore, it becomes feasible to tie studied new
natural sources of bioactive compounds, antioxidant
activity, and dietary fibers to be inserted in dairy
products to the acceptance test and descriptive analysis
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Table 1 Experimental Assays A%(mL)  B%(ml)  C%(mL)  Total phenolic (mg GAE

design app.hed tf) (?ptlII‘l.IZC 100 g™

the extraction of bioactive

compounds (contents of the Observed Predicted

total phenolic compound) from

the cocoa shell using water (A), El 100 (10) 0(0) 0(0) 6630.00+1.20 6543.96

methanol (B), and acetone (C) E2 0 (0) 100 (10) 0 (0) 3174.27 £1.65 3088.23
E3 0 (0) 0 (0) 100 (10) 1868.60+1.03 1785.17
E4 50 (5) 50 (5) 0 (0) 8928.61+1.02 9262.64
E5 0 (0) 50 (5) 50 (5) 8717.52+1.25 9061.68
E6 50 (5) 0 (0) 50 (5) 4089.02+1.01 4433.18
E7 33(3.3) 33(3.3) 33(3.3) 9069.34 +1.24 8816.34
E8 33(3.3) 33 (3.3) 33(3.3) 9061.53+1.51 8816.34
E9 33(3.3) 33(3.3) 33(3.3) 9084.98 +1.61 8816.34
Critical points 0.5644 0.2377 0.1980 - -
Ideal concentrations (%) 56.44 23.77 19.80 - -

Check-All-That-Apply (CATA), aiming to obtain greater
perceptions about the tastes and descriptive perceptions
of consumers (Burkert et al. 2012; Varela and Ares 2012;
Cruz et al. 2013; Meyners et al. 2016).

Therefore, this study aimed to optimize the extraction
of phenolic compounds, aiming to prove the antioxidant
activity of cocoa shells. In addition to utilizing cocoa
shell, in place of cocoa powder, in the development of
dairy products (milk beverages and dairy desserts) with
bioactive compounds, as well as evaluating them sensori-
ally (acceptance and sensory description).

Material and methods
Materials

The roasted cocoa shell with a granulometry of approximately
40 microns was supplied by chocolate industries located in
Ilhéus—Bahia, Brazil. Pure cocoa powder and the other ingre-
dients used in the formulations of food products were pur-
chased at the local market in Lavras—Minas Gerais, Brazil.
All raw materials were transported to the Fruit and Vegetable
Post-Harvest Laboratory of the Federal University of Lavras,
Lavras—Minas Gerais, Brazil, until further analysis and pro-
cessing of dairy products.

Extraction of the bioactive compounds from the cocoa
shell

Experimental design

The experimental design described by Scheffé (1963) called
simplex-centroid was performed to evaluate the effect of
solvents on the extraction of bioactive compounds (contents
of the total phenolic compound—TPC) from cocoa shells

(Table 1). The three components of the blend evaluated in
this study were water (x;), methanol (x,), and acetone (X).
The proportions for each solvent were expressed as a fraction
of the mixture, and for each treatment combination, the sum
of the component proportions was equal to 100%, as shown
in Eq. (1).

EX;=x;+X,+%3 = 100 % = 10 mL (1)

The extract with the optimized concentrations of the
solvents was submitted to antioxidant activity analyses
(B-carotene/linoleic acid, FRAP, and phosphomolybdenum
complex).

Preparation of extracts

The extracts were prepared according to the methodology
adapted from Larrauri et al (1997). Ten grams of cocoa shell
and 10 mL of the solvent mixture equivalent to each treatment
(Table 1) were packed in centrifuge tubes and vortexed for
one minute. After 20 min of rest in a dark environment, the
homogenate was centrifuged at 4 °C for 15 min at 21,952 g.
Subsequently, the extract was filtered through Whatman paper
Grade 1, a qualitative filter paper with pore size of 11 um, and
store in amber glass bottles at — 18 °C for further experiments.

Determination of the contents of total phenolic compounds
and antioxidant activity

The Folin-Ciocalteu methodology (Waterhouse 2002)
was used to determine the total phenolic content (TPC).
Briefly, 0.5 mL of extract from each sample was added to
tubes containing 2.5 mL of 10% Folin-Ciocalteu solution.
Then, 2 mL of 4% sodium carbonate solution was mixed,
followed by incubation for 2 h at room temperature. Finally,
the absorbance was measured at 750 nm using a microplate
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spectrophotometer (EZ Read 2000, Biochrom®—
Cambridge, UK). The results were expressed as mg of gallic
acid equivalent (GAE) per 100 g of sample.

The antioxidant activity by the method of p-carotene/
linoleic acid was performed according to the methodol-
ogy described by Rufino et al (2010). Briefly, 50 uL of the
B-carotene solution was mixed with 40 pL of linoleic acid,
530 pL of Tween 40, and 1 mL of chloroform, homogenized,
and rotary evaporated to remove the chloroform. Then,
under constant agitation, approximately 80 mL of distilled
water saturated with oxygen was added to the mixture. In
a test tube, 2.7 mL of this solution was added to 0.3 mL
of extract from each sample, the absorbance was measured
spectrophotometrically at 470 nm, the tubes were incubated
in a water bath at 40 °C for 120 min, and then a new reading
was performed. The results were expressed in the percentage
of protection.

The Ferric Reducing Antioxidant Power (FRAP) assay
was performed according to the methodology described by
Rufino et al (2010). Briefly, 90 pL of extract from each sam-
ple was homogenized with 270 pL of distilled water and
2.7 mL of FRAP reagent and incubated in a water bath at
37 °C for 30 min. Then, the absorbance was measured spec-
trophotometrically at 470 nm, and the results were expressed
in pM ferrous sulfate per g of sample.

The formation of the phosphomolybdenum complex was
assessed according to the method described by Prieto et al
(1999). Briefly, 0.3 mL of extract from each sample was
added to a test tube with 3 mL of solution reagent (0.6 M
sulfuric acid, 28 mM sodium phosphate, and 4 mM ammo-
nium molybdate) and incubated in a water bath at 95 °C
for 60 min. After cooling, the absorbance was measured at
695 nm, and the results were mg of ascorbic acid equivalent
(AAE) per 100 g of sample.

Formulations of the dairy products
Experimental design

For the development of dairy products (milk beverages and
dairy desserts), the Entirely Randomized Design (ERD) was
applied with three treatments, as described in Table 2. The
sum of the proportion of cocoa shell and cocoa powder in
the treatments totals 120 g for the dairy drink and 40 g for
the dairy-fermented dessert (Table 2).

Milk beverage

The formulation of milk beverage was carried out
according to Taheria et al. (2019), with modifications.
To produce a batch, 1500 mL of cow’s whey (from the
manufacture of fresh cheese), 1500 mL of whole cow’s
milk, 300 g of refined sugar, 150 g of whole cow milk
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Table 2 Experimental design applied to milk beverage (B) and Dairy
dessert (D) developments

Treatment Cocoa shell (%) Cocoa
powder
(%)

Bl orDl1 100 0

B2 or D2 50 50

B3 or D3 0 100

powder, and 15 g of neutral alloy stabilizer were used, plus
equivalent amounts of cocoa shell and cocoa powder for
each treatment (Table 2). All ingredients were mixed and
taken for heat treatment at 90 °C for 5 min to obtain the
milk beverage. Then, the developed products were cooled
(between 5 and 10 °C), stored in plastic packaging, and
kept under refrigeration at 5 °C until it was served at the
sensorial analysis (approximately 24 h).

Dairy dessert

The formulation of dairy dessert was carried out accord-
ing to Chandan and Kilara (2015), with modifications. To
produce a batch, 500 mL of whole cow’s milk, 57.5 g of
refined sugar, 40 g of whole cow milk powder, 30 g of
powdered neutral gelatin and 2.5 g of the neutral alloy
were also used. To obtain flan-like dairy desserts, cocoa
shell, and cocoa powder individually or mixed (propor-
tions described in Table 2) have been added to the milk
powder, sugar, and gelatin powder, forming a dry mix-
ture. Then, this mixture was dissolved in the fluid milk at
40 °C and kept under agitation for the perfect dissolution
of the ingredients. After complete homogenization of the
ingredients, the mixture was heated to 65 °C for 30 min
to promote the heat treatment of the product and hydra-
tion of the gelatin. Finally, the developed products were
cooled (between 5 and 10 °C), stored in plastic packaging,
and kept refrigerated at 5 °C until they were served at the
sensorial analysis (approximately 24 h).

Sensorial analysis

A total of 95 and 92 volunteers, aged between 18 and
50 years, were screened at the Federal University of Lavras
(UFLA) for the sensorial analysis of milk beverages (43
men and 52 women) and flan-type dairy desserts (39 men
and 53 women), respectively. Frequent consumers of these
two dairy products participated in the study and underwent
the acceptance test and Check-All-That-Apply (CATA) con-
tained in the same evaluation sheet. The panelists evalu-
ated the milk beverage and flan-type dairy desserts in two
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different sessions, with a sample of each treatment being
presented, totaling 3 samples for each product. The pres-
entation of the samples followed an experimental design of
completely balanced blocks.

Acceptance test

For the evaluation of the samples regarding acceptance, the
nine-point hedonic scale was used, with variation between 1
(I did not like) and 9 (I liked very much). For each sample,
consumers evaluated the attributes "appearance", "flavor",
"texture", and "overall impression." The experiments were
carried out in random order.

Check-all-that-apply (CATA)

For the evaluation, each attribute (Table 4) present in the
form was presented to consumers before starting the analy-
sis. Then, they were instructed to evaluate the samples and
identify the characteristics in each one, as shown in Table 4,
being able to mark as many alternatives as needed (Varela
and Ares 2012). The characteristics presented to consumers
were raised in a previous focus group of 12 assiduous evalu-
ators who consume milk beverages and flan-type desserts.

Statistical analysis

The results of the contents of total phenolic compounds
and total flavonoids of the cocoa shell were used to obtain
a contour plot and the equation of the statistical model
that best fit. The simplex-centroid design generating
mathematical models was submitted to ANOVA (p <0.05)
using the Statistica 12.0 software (Statsoft USA). The
statistical parameters evaluated were the validity of the
models, the significance of lack of fit and regression, and

@

(A)Water

15.15822

BC ]14.06335

AB l9.386375

(B)Methanol

(C)Acetone 4.133474
AC 0.5702011

7.153481

p=0.05
Standardized Effect Estimate (Absolute Value)

the coefficient of determination (R?). On the other hand,
data related to the determinations of f-carotene/linoleic acid,
FRAP, and phosphomolybdenum complex were obtained
from the extract with the concentrations of optimized
solvents in three replications and triplicate as a form of
characterization of the antioxidant activity of cocoa shells.

The acceptance test scores (appearance, taste, texture,
and general impression) were submitted to the Tukey mean
test (p <0.05). In the analysis of CATA data, the frequency
with which consumers observed each characteristic in the
different samples evaluated sensorially was accounted for,
thus originating the contingency matrix. The Cochran’s Q
test was used to verify significant differences between the
samples for each characteristic, thus indicating which ones
characterized the samples (Meyners et al. 2013). The sig-
nificant characteristics were submitted to Correspondence
Analysis (CA) and Hierarchical Cluster Analysis (HCA)
using the program R version 4.0.2 and the SensoMineR and
FactoMineR packages.

Results and discussion

Total phenolic compound content and antioxidant
activity

The recovered extracts were analyzed according to the total
phenolic compounds (TPC), and the results are shown in
Table 1. A regression analysis was applied to evaluate the
significant interactions (p <0.05). Thus, it was possible to
observe that regarding the TPC, the independent variables
were water (A), methanol (B), and acetone (C). Even with
the application of ANOVA, it was found that the regression
model for the TPC was significant in the 95% confidence
interval (p <0.05), with determination coefficients (R?)
equal to 0.9917. The experimental design analysis obtained

(b) 2003100

Il > 9000
Il <9000
Bl <8000
B <7000
[ <6000
[ <5000
B <4000

<3000
Water Methano! [l <2000

Fig. 1 Pareto chart a and contour curves b illustrate the combined effects of the water, methanol, and acetone on the total phenolic compounds

extracted from cocoa shell
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the predictive model (Eq. 2), respecting the significative
interactions shown in Fig. la. The values of the critical
points and, consequently, of the ideal concentrations of
the solvents tested for greater extraction of bioactives
compounds are found in Table 1 and were obtained from

Eq. (2).

TPC = 6555.62A + 3097.56 B + 1791.89 C
+ 17635.44 AB + 19402.39 AC + 7768.44 BC
@)
Figure 1b shows the contour curves, where the dark red
area is considered the most representative point, thus allow-
ing the visualization of the interactions of the TPC regarding
the concentrations (%) of the water, methanol, and acetone.
When the phenolic compounds were extracted in water, the
cocoa shell presented higher values, indicant that the phe-
nolic compounds of this species are water-soluble (Leite
et al. 2021). It was founded that TPC values varied from
2210 to 7330 mg 100 g~! in the cocoa shell extracted in
water at different conditions of temperature ranging from 30
to 100 °C, time 5 to 90 min, acidity 0-2%, and solid-to-lig-
uid ratio 0.02 t0 0.05 g mL~! (Rebollo-Hernanz et al. 2021).
From the optimized concentrations were obtained results
of p-carotene/linoleic acid (% protection), ABTS™* (ug of
Trolox g~!), FRAP (uM of ferrous sulfate g~!), and Phos-
phomolybdenum Complex (mg AAE 100 g=!) equal to
99.03+0.26,90.02 +0.49, 366.34 +0.84, and 180.29 +7.86,
respectively. The results showed strong antioxidant potential.
High antioxidant activities of the extracts are also attributed
to the roasting cocoa process, i.e., Maillard reaction products
lead to the formation of high molecular weight polymers
or co-polymers, which present strong antioxidant activity
(Ali et al. 2015; Mazzutti et al. 2018). Thus, justifying the
direct addition of cocoa shell enriches food formulations
with functional aspects of bioactive compounds and anti-
oxidant activity.

Sensorial analysis

Tables 3 and 4 describe the frequency of consumer percep-
tion of the sensory characteristics and Cochran’s Q test of
each sample of milk beverages and flan-type dairy dessert,
respectively, in addition to presenting the respective average
scores for the attributes of appearance, flavor, texture and
overall impression of the acceptance test.

Acceptance test
The application of sensorial analysis using the affective
acceptance test through the hedonic scale aimed to evalu-

ate the acceptance of two dairy products developed regard-
ing appearance, flavor, texture, and overall impression.

@ Springer

According to the scores obtained from the milk beverages
(Table 3), sample B1 (100% cocoa shell) differed statistically
by the Tukey test (p <0.05) from samples B3 (100% cocoa
powder) and B2 (50% cocoa shell and 50% cocoa powder) in
all attributes studied. Samples B2 and B3 were statistically
equal for almost all attributes (p > 0.05) except for texture.
For flan-type dairy dessert, it was also observed that the
formulation with 100% cocoa shell (D1) differed (p <0.05)
from the other samples (D2 and D3), which did not differ
statistically from each other for all attributes, as described
in Table 4.

About all attributes evaluated (Tables 3 and 4), the aver-
age scores obtained by the formulations with 100% cocoa
shell of the milk beverage (B1) and the flan-type dairy des-
sert (D1) were in the range of 3.05 (texture) to 4.78 (appear-
ance) and 5.72 (texture) to 7.05 (appearance), respectively.
In the case of formulations with 100% cocoa powder (B3 and
D3), the average scores were higher than 7 for both devel-
oped products. For products made with 50% cocoa shell and
50% cocoa powder of the milk beverage (B2), the scores
ranged between 6.80 (texture) and 7.65 (appearance), and
those of the milk dessert (D2) were between 6.88 (flavor)
and 7.90 (appearance).

Therefore, it can also be inferred that the presence of
100% cocoa shells in the elaborated products (formulations
B1 and D1) promoted the reduction of the scores referring
to the attributes, but mainly in the texture, resulting in low
overall impression scores for the milk beverage (3.73 +1.96)
and the flan-type dairy dessert (6.17 +1.61), resulting in the
lower acceptance between the formulations. On the other
hand, the formulations with 100% cocoa powder (B3 and
D3) obtained high overall impression scores (7.55+1.22 and
7.41 +£1.21, respectively), resulting in the best acceptance
between the formulations. In the case of dairy products for-
mulated with cocoa shell and cocoa powder mixed in equal
proportions (B2 and D2), they also presented good accept-
ance with overall impression scores close to those of sam-
ples B3 and D3 (7.09 + 1.52 and 7.25 + 1.27, respectively).

Thus, it is recommended that consumption be based on
the objectives, sensory and functional aspects that con-
sumers seek in products since cocoa powder has sensory
acceptance and cocoa shells can provide nutritional enrich-
ment with dietary fibers and bioactive compounds with
antioxidant activity, a fact observed in other studies when
they used this co-product in formulations of various food
products (Martinez-Cervera et al. 2011; Barros et al. 2020;
de Barros et al. 2021; Barisi¢ et al. 2022; Nogueira Soares
Souza et al. 2022).

Check-all-that-apply (CATA)

CATA is a simple method that allows collecting information
about the perception of consumers about the characteristics
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Table 3 Contingency table of
the CATA sensory evaluation
of dairy beverages formulated
with cocoa shell (B1), cocoa
powder (B3), and a mixture

of both (B2), the p value
obtained in the Cochran Q

test for the characteristics and
the acceptance test scores
(appearance, flavor, texture, and
overall impression), following
the nine-point hedonic scale, 1
(I did not like) to 9 (I liked very
much)

Table 4 Contingency table of
the CATA sensory evaluation
of flan type dairy dessert
formulated with cocoa shell
(D1), cocoa powder (D3), and
a mixture of both (D2), the
p-value obtained in the Cochran
Q test for the characteristics
and the acceptance test scores
(appearance, flavor, texture and
overall impression), following
the nine-point hedonic scale, 1
(I did not like) to 9 (I liked very
much)

Characteristic Samples P value
(Cochran’s Q
B1 B2 B3 test)
Heterogeneous appearance 66 19 21 <0.001
Dark appearance 30 45 36 0.099*
Bright appearance 21 45 52 <0.001
Light brown 25 5 7 <0.001
Characteristic color of chocolate milk beverage 17 63 65 <0.001
Chocolate flavor 21 72 64 <0.001
Sweet flavor 26 34 36 0.301*
Acid flavor 4 1 2 0.368*
Bitter flavor 9 22 29 0.001
Whey flavor 44 6 8 <0.001
Bitter residual flavor 22 18 20 0.783*
Sandy texture 88 25 <0.001
Viscous texture 9 57 7 <0.001
Thin texture 16 1 42 <0.001
Characteristic texture of milk beverage 2 38 57 <0.001
Acceptance test scores**
Appearance 4778+2.04* 7.65+1.06° 7.77+1.13°
Flavor 4.05+£2.24° 726+161° 7.55+1.37°
Texture 3.05+1.89" 6.80+1.65° 7.34+1.56°
Overall impression 373+1.96° 7.09+1.52° 7.55+1.22°

*Non-significant Characteristic by the Cochran Q test at 5% significance

**Scores means followed by the same letters in the same row do not differ from each other by the Tukey

test at 5% significance

Characteristic Samples P value
(Cochran’s Q
D1 D2 D3 test)
Heterogeneous appearance 49 49 56 0.459%
Brown 56 42 42 0.068*
Dark appearance 11 41 29 <0.001
Characteristic color of chocolate flan 40 49 51 0.263*
Chocolate flavor 40 60 55 0.012
Sweet flavor 23 20 9 0.015
Bitter flavor 18 51 77 <0.001
Acid flavor 3 1 0.449%*
Residual flavor 40 14 6 <0.001
Sandy texture 65 25 0 <0.001
Gelatinous texture 34 54 62 <0.001
Soft texture 15 39 46 <0.001
Characteristic texture of flan 7 25 42 <0.001
Acceptance test scores**
Appearance 7.05+1.59* 7.90+0.97° 7.90+1.16°
Flavor 5.88+1.92° 6.88+1.52° 7.00 + 1.60°
Texture 572+185  7.07+1.53"  7.61+133
Overall impression 6.17+1.61° 7.25+1.27° 7.41+£1.21°

*Non-significant Characteristic by the Cochran Q test at 5% significance

**Scores means followed by the same letters in the same row do not differ from each other by the Tukey

test at 5% significance
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Fig. 2 Correspondence Analysis (CA) a, b and the Hierarchical
Cluster Analysis (HCA) ¢, d used in the CATA analysis of the milk
beverage (B1, B2, and B3) and the flan type milk dessert (D1, D2,

of the products developed. Thus, the p-value obtained from
Cochran’s Q test aimed to identify significant differences
(p £0.05) between the characteristics and, therefore, which
may have impacted the acceptance test for the different dairy
treatments and proceed to the correspondence analysis (CA).

First, the data related to s contingency tables (Tables 3
and 4) were submitted to the chi-square test (X?), which indi-
cated that the associations between the samples and the char-
acteristics were significant, thus validating the CATA analy-
sis. According to Cochran’s Q test, the characteristics of dark
appearance and sweet, acid, and bitter residual flavors were
not significant for the sensory description of the milk bever-
age (p>0.05), as shown in Table 3. The characteristics not
significant for flan-type dairy desserts were heterogeneous
appearance, brown, characteristic color of chocolate flan,
and acid flavor because the values obtained were higher than
0.05 (Table 4). Based on this, the Correspondence Analysis
(CA) did not consider these characteristics.

Figure 2a, b represent the two-dimensional maps
of Correspondence Analysis (CA) of beverages and
dairy desserts, respectively, which were used to explain
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and D3), respectively, formulated with cocoa shell (B1 or D1), cocoa
powder (B3 or D3) and a mixture of both (B2 or D2)

contingency tables (Tables 3 and 4). According to CA, it is
observed that the product space presents low dimensionality,
considering that most of the data of the milk beverage and
dairy dessert were represented, respectively, by dimensions
1 (x-axis), 77.25, and 95.32%, while dimensions 2 (y-axis)
represented only 22.75 and 4.68%, respectively, totaling
100% of the variability of the data for both dairy products.
The main description in the CA’s (Fig. 2a, b for both
types of products developed was the separation by the differ-
ences between the formulations with cocoa powder (B2, B3,
D2, and D3) and those with the absence (B1 and D1). Thus,
it is inferable that the partial addition of cocoa shell origi-
nated beverage (B2) and dairy dessert (D2) with the same
characteristics identified for their respective formulations
with 100% cocoa powder (B3 and D3) due to the proximity
of the points in the x-axis mapping (Fig. 2 a and b). There-
fore, consumers described samples B2 and B3 as having
a bright appearance, characteristic color of chocolate milk
beverage, bitter flavor, and characteristic texture of milk
beverage (Fig. 2a). Also, the sample B2 can be described
with a viscous texture, and B3 with thin textures, due to
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the distance of the points in the y-axis mapping. For the
dairy dessert, samples D2 and D3 were described with dark
appearance, chocolate, and bitter flavors, and with charac-
teristic textures of flan, soft and gelatinous texture (Fig. 2b).
In the case of products developed with 100% cocoa shell,
sample B1 (beverage) was characterized by a heterogeneous
and light brown appearance, sandy texture and whey flavor
(Fig. 2a), and sample D1 was described with sandy texture
and sweet and residual flavors (Fig. 2b).

The dietary fiber content of the cocoa shells explains that
consumers have observed a sandy texture for both types of
products developed with their highest concentration, which
according to the scores referring to the texture of the accept-
ance test, is not well accepted at least. In addition, this co-
product also has color and flavor like that of cocoa powder,
justifies the same characteristics conferred on all formula-
tions with pure cocoa powder or mixed with cocoa shell,
both for beverages (B2 and B3) and for the developed dairy
desserts (D2 and D3) (Okiyama et al. 2017; Jan et al. 2018).

Hierarchical Cluster Analysis (HCA), widely known
as dendogram, was applied in the CATA results of the
milk beverage and dessert are represented in Fig. 2c, e,
d, aiming to group the samples according to the similari-
ties found in the descriptions of sensory characteristics
obtained with input coordinates in the first and second
dimensions of sensory maps. In addition, each cluster pre-
sented in Fig. 2c, d was formed by at least two treatments
that are close to the sampling plan (Cruz et al. 2013; Bar-
ros et al. 2020). Based on this assumption and considering
that the higher the line connecting two groups, the later
its grouping was made and that the height of the line
connecting two clusters is proportional to its distance, it
is concluded that the samples of milk beverage B2 and
B3 presented similar characteristics and were slow to be
grouped with formulation B1 (Fig. 2c¢). The same behav-
ior was observed for the flan-type dairy dessert, whose
samples D2 and D3 belong to the same group, differing
from the D1 sample.

From the above, it can be inferred that the HCAs
(Fig. 2c, d) confirmed the data and the groups present in
Fig. 2a, b, respectively, considering that there was a clear
separation between the formulations with cocoa powder
and without, besides corroborating the results and statis-
tical differences observed in the acceptance test for all
attributes studied (Tables 3 and 4).

Conclusions

For the conditions evaluated in this study, the simplex-cen-
troid design and the mixing surface effectively optimize the
extraction of phenolic compounds with different solvents,
thus obtaining their ideal concentrations. The optimized

extract made it possible to conclude that the cocoa shell
has high antioxidant activity and a significant content of
total phenolic compounds. The sensory acceptance test
allowed us to infer, for all the attributes studied, that despite
the presence of 100% cocoa shell promoting low accept-
ance of the formulations of both elaborated dairy products,
its mixture with cocoa powder obtained good acceptance,
similarly observed for those with 100% cocoa powder. The
CATA analysis allowed an effective sensory description of
the developed milk beverages and flan-type dairy desserts,
demonstrating the differences in characteristics between
treatments with the presence and absence of cocoa powder.
Therefore, it is concluded that the partial replacement of
cocoa powder with cocoa shell in the development of dairy
products is feasible, aiming at a possible nutritional enrich-
ment with bioactive compounds and with antioxidant activ-
ity, in addition to adding value to the final product.

Acknowledgements The authors are grateful for the financial support
of Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES: Procad 88881.068456/2014-01), Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq: 304413/2016-0,
302699/2019-8 and 308300/2021-1), Fundacdo de Amparo a Pesquisa
do Estado da Bahia (FAPESB), Fundagdo de Amparo a Pesquisa do
Estado de Minas Gerais (FAPEMIG: PPM-00458-15), to the State
University of Southwest Bahia (UESB, Itapetinga, Bahia, Brazil) and
the Federal University of Lavras (UFLA, Lavras, Minas Gerais, Brazil).

Author contributions The manuscript was written through equal
contributions of all authors.

Funding None.

Data availability The authors confirm that the data supporting the
findings of this study are available within the article. The datasets gen-
erated during and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Conflict of interest
of interest.

The authors declare that they have no conflict

Ethics approval
or animal subjects.

This article does not contain any studies with human

Consent to participate All authors agree to participate.

Consent for publication All authors agree to publish.

References

Adinepour F, Pouramin S, Rashidinejad A, Jafari SM (2022)
Fortification/enrichment of milk and dairy products by
encapsulated bioactive ingredients. Food Res Int. https://doi.org/
10.1016/j.foodres.2022.111212

@ Springer


https://doi.org/10.1016/j.foodres.2022.111212
https://doi.org/10.1016/j.foodres.2022.111212

1990

J Food Sci Technol (July 2023) 60(7):1981-1991

Ali F, Ranneh Y, Ismail A, Esa NM (2015) Identification of phenolic
compounds in polyphenols-rich extract of Malaysian cocoa
powder using the HPLC-UV-ESI—MS/MS and probing their
antioxidant properties. J Food Sci Technol 52:2103-2111. https://
doi.org/10.1007/S13197-013-1187-4/FIGURES/6

Barisi¢ V, Kerovec D, Flanjak I, Jozinovi¢ A, Babi¢ J, Loncari¢ Z,
Subari¢ D, Mili¢evié B, A¢kar D (2022) Effect of high-voltage
electrical discharge treatment on multi-element content in cocoa
shell and chocolates with cocoa shell. LWT Food Sci Technol.
https://doi.org/10.1016/j.1wt.2021.112944

Chandan RC, Kilara A (2015) Puddings and dairy-based desserts.
Dairy processing and quality assurance. Wiley, Chichester, UK,
pp 397427

Cruz AG, Cadena RS, Castro WF, Esmerino EA, Rodrigues JB,
Gaze L, Faria JAF, Freitas MQ, Deliza R, Bolini HMA (2013)
Consumer perception of probiotic yogurt: performance of check
all that apply (CATA), projective mapping, sorting and intensity
scale. Food Res Int 54:601-610. https://doi.org/10.1016/j.foodr
es.2013.07.056

de Barros HEA, Natarelli CVL, de Carvalho Tavares IM, de Oliveira
ALM, Aratjo ABS, Pereira J, Carvalho EEN et al (2020)
Nutritional clustering of cookies developed with cocoa shell, soy,
and green banana flours using exploratory methods. Food Bioproc
Tech 13:1566-1578

de Barros HEA, Natarelli CVL, de Abreu DIM, de Oliveira ALM, do
Lago RC, de Dias LLC, de Carvalho EEN, Bilal M, Ruiz HA,
Franco M, de Vilas Boas EVB (2021) Application of chemometric
tools in the development of food bars based on cocoa shell, soy
flour and green banana flour. Int J Food Sci Technol 56:5296—
5304. https://doi.org/10.1111/ijfs. 15127

de Burkert JEM, dos da Fonseca RAS, de Moraes JO, Sganzerla J,
Kalil SJ, Burkert CAV (2012) Sensory acceptance of potentially
symbiotic dairy beverages. Braz J Food Technol 15:317-324.
https://doi.org/10.1590/S1981-67232012005000026

de Rufino MSM, Alves RE, de Brito ES, Pérez-Jiménez J, Saura-
Calixto F, Mancini-Filho J (2010) Bioactive compounds and
antioxidant capacities of 18 non-traditional tropical fruits from
Brazil. Food Chem 121:996-1002. https://doi.org/10.1016/J.
FOODCHEM.2010.01.037

Freitas LC, Barbosa JR, da Costa ALC, Bezerra FWF, Pinto RHH,
Jr de Carvalho RN (2021) From waste to sustainable industry:
How can agro-industrial wastes help in the development of new
products? Resour Conserv Recycl 169:105466. https://doi.org/10.
1016/J. RESCONREC.2021.105466

Jan KN, Panesar PS, Singh S (2018) Optimization of antioxidant
activity, textural and sensory characteristics of gluten-free cookies
made from whole indian quinoa flour. Lwt 93:573-582. https://
doi.org/10.1016/j.1wt.2018.04.013

Larrauri JA, Rupérez P, Saura-Calixto F (1997) Effect of drying
temperature on the stability of polyphenols and antioxidant
activity of red grape pomace peels. J Agric Food Chem 45:1390—
1393. https://doi.org/10.1021/JF960282F/ASSET/IMAGES/
LARGE/JF960282FF00003.JPEG

Lessa OA, dos Santos N, Reis SG, Leite F, Gutarra MLE, Souza
AO, Gualberto SA, Rangel J, de Oliveira E, Aguiar-Oliveira
MF (2018) Effect of the solid state fermentation of cocoa shell
on the secondary metabolites, antioxidant activity, and fatty
acids. Food Sci Biotech 27(1):107-113. https://doi.org/10.1007/
$10068-017-0196-x

Martinez R, Torres P, Meneses MA, Figueroa JG, Pérez-Alvarez
JA, Viuda-Martos M (2012) Chemical, technological and
in vitro antioxidant properties of cocoa (Theobroma cacao L.)
co-products. Food Res Int 49:39-45. https://doi.org/10.1016/J.
FOODRES.2012.08.005

@ Springer

Martinez-Cervera S, Salvador A, Muguerza B, Moulay L, Fiszman
SM (2011) Cocoa fibre and its application as a fat replacer in
chocolate muffins. LWT Food Sci Technol 44:729-736. https://
doi.org/10.1016/J.LWT.2010.06.035

Mazzutti S, Rodrigues LGG, Mezzomo N, Venturi V, Ferreira SRS
(2018) Integrated green-based processes using supercritical CO,
and pressurized ethanol applied to recover antioxidant compouds
from cocoa (Theobroma cacao) bean hulls. J Supercrit Fluids
135:52-59. https://doi.org/10.1016/J.SUPFLU.2017.12.039

Meyners M, Castura JC, Carr BT (2013) Existing and new approaches
for the analysis of CATA data. Food Qual Prefer 30:309-319.
https://doi.org/10.1016/J.FOODQUAL.2013.06.010

Meyners M, Castura JC, Worch T (2016) Statistical evaluation of panel
repeatability in check-all-that-apply questions. Food Qual Prefer
49:197-204. https://doi.org/10.1016/j.foodqual.2015.12.010

NogueiraSoares Souza F, Rocha Vieira S,
LeopoldinaLamounierCampidelli M, Abadia Reis Rocha R,
MilaniAvelar Rodrigues L, Henrique Santos P, de Deus Souza
Carneiro J, de Maria Carvalho Tavares I, Patricia de Oliveira C
(2022) Impact of using cocoa bean shell powder as a substitute
for wheat flour on some of chocolate cake properties. Food Chem
381:132215. https://doi.org/10.1016/J. FOODCHEM.2022.132215

Okiyama DCG, Navarro SLB, Rodrigues CEC (2017) Cocoa shell and
its compounds: applications in the food industry. Trends Food Sci
Technol 63:103-112. https://doi.org/10.1016/j.tifs.2017.03.007

Ozer BH, Kirmaci HA (2010) Functional milks and dairy beverages.
Int J Dairy Technol 63:1-15. https://doi.org/10.1111/1.1471-0307.
2009.00547.X

Pedro IP, Leite SMAG, Barreto PR, Freitas ACJ, de Araijo CLR,
Paulo RS, de Almeida CF, de Assis CEA, Padilha MF, Jr de
Sousa FC (2021) Extraction of bioactive compounds from buriti
(Mauritia flexuosa L.) fruit by eco-friendly solvents: chemical
and functional characterization. Sustain Chem Pharm 22:100489.
https://doi.org/10.1016/j.scp.2021.100489

Prieto P, Pineda M, Aguilar M (1999) Spectrophotometric
quantitation of antioxidant capacity through the formation of
a phosphomolybdenum complex: specific application to the
determination of vitamin E. Anal Biochem 269:337-341. https://
doi.org/10.1006/AB10.1999.4019

Rebollo-Hernanz M, Caias S, Taladrid D, Segovia A, Bartolomé B,
Aguilera Y, Martin-Cabrejas MA (2021) Extraction of phenolic
compounds from cocoa shell: modeling using response surface
methodology and artificial neural networks. Sep Purif Technol.
https://doi.org/10.1016/j.seppur.2021.118779

Schefté H (1963) The simplex-centroid design for experiments with
mixtures. J Roy Stat Soc Ser B (Methodol) 25:235-251. https:/
doi.org/10.1111/J.2517-6161.1963.TB00506.X

Soares TF, Oliveira MBPP (2022) Cocoa by-products: characterization
of bioactive compounds and beneficial health effects. Molecules.
https://doi.org/10.3390/molecules27051625

Taheria S, Khomeiria M, Aalamia M, Moayedia A (2019) Non-
fermented synbiotic drink based on lactic cheese whey which
incorporates lactobacillus rhamnosus GG and lactobacillus
paracasei. Int J Food Stud 8:93-104. https://doi.org/10.7455/
ijfs/8.2.2019.29

Varela P, Ares G (2012) Sensory profiling, the blurred line between
sensory and consumer science. a review of novel methods for
product characterization. Food Res Int 48:893-908. https://doi.
org/10.1016/j.foodres.2012.06.037


https://doi.org/10.1007/S13197-013-1187-4/FIGURES/6
https://doi.org/10.1007/S13197-013-1187-4/FIGURES/6
https://doi.org/10.1016/j.lwt.2021.112944
https://doi.org/10.1016/j.foodres.2013.07.056
https://doi.org/10.1016/j.foodres.2013.07.056
https://doi.org/10.1111/ijfs.15127
https://doi.org/10.1590/S1981-67232012005000026
https://doi.org/10.1016/J.FOODCHEM.2010.01.037
https://doi.org/10.1016/J.FOODCHEM.2010.01.037
https://doi.org/10.1016/J.RESCONREC.2021.105466
https://doi.org/10.1016/J.RESCONREC.2021.105466
https://doi.org/10.1016/j.lwt.2018.04.013
https://doi.org/10.1016/j.lwt.2018.04.013
https://doi.org/10.1021/JF960282F/ASSET/IMAGES/LARGE/JF960282FF00003.JPEG
https://doi.org/10.1021/JF960282F/ASSET/IMAGES/LARGE/JF960282FF00003.JPEG
https://doi.org/10.1007/s10068-017-0196-x
https://doi.org/10.1007/s10068-017-0196-x
https://doi.org/10.1016/J.FOODRES.2012.08.005
https://doi.org/10.1016/J.FOODRES.2012.08.005
https://doi.org/10.1016/J.LWT.2010.06.035
https://doi.org/10.1016/J.LWT.2010.06.035
https://doi.org/10.1016/J.SUPFLU.2017.12.039
https://doi.org/10.1016/J.FOODQUAL.2013.06.010
https://doi.org/10.1016/j.foodqual.2015.12.010
https://doi.org/10.1016/J.FOODCHEM.2022.132215
https://doi.org/10.1016/j.tifs.2017.03.007
https://doi.org/10.1111/J.1471-0307.2009.00547.X
https://doi.org/10.1111/J.1471-0307.2009.00547.X
https://doi.org/10.1016/j.scp.2021.100489
https://doi.org/10.1006/ABIO.1999.4019
https://doi.org/10.1006/ABIO.1999.4019
https://doi.org/10.1016/j.seppur.2021.118779
https://doi.org/10.1111/J.2517-6161.1963.TB00506.X
https://doi.org/10.1111/J.2517-6161.1963.TB00506.X
https://doi.org/10.3390/molecules27051625
https://doi.org/10.7455/ijfs/8.2.2019.a9
https://doi.org/10.7455/ijfs/8.2.2019.a9
https://doi.org/10.1016/j.foodres.2012.06.037
https://doi.org/10.1016/j.foodres.2012.06.037

J Food Sci Technol (July 2023) 60(7):1981-1991 1991

Waterhouse AL (2002) Determination of total phenolics. Curr Protoc manuscript version of this article is solely governed by the terms of
Food Anal Chem. https://doi.org/10.1002/0471142913.fai0101s06 such publishing agreement and applicable law.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds

exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted

@ Springer


https://doi.org/10.1002/0471142913.fai0101s06

	Development of the dairy products incorporated with co-product bioactive compounds-rich as an alternative ingredient in the food industry
	Abstract 
	Graphical abstract 

	Introduction
	Material and methods
	Materials
	Extraction of the bioactive compounds from the cocoa shell
	Experimental design
	Preparation of extracts
	Determination of the contents of total phenolic compounds and antioxidant activity

	Formulations of the dairy products
	Experimental design
	Milk beverage
	Dairy dessert
	Sensorial analysis
	Acceptance test
	Check-all-that-apply (CATA)

	Statistical analysis

	Results and discussion
	Total phenolic compound content and antioxidant activity
	Sensorial analysis
	Acceptance test
	Check-all-that-apply (CATA)


	Conclusions
	Acknowledgements 
	References




