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This study aimed to develop a nutritious vegan brownie with fiber and bioactive compounds, sensorially
accepted by consumers using phenolic compounds extracted from defatted chia flour (a coproduct of the pro-
duction of chia oil) and chia mucilage. The brownies were developed by evaluating the replacement of 2, 4, and
6% of the flour with the freeze-dried extract obtained from defatted chia flour. The extract obtained from the
coproduct presented ferulic acid (1.91 + 0.006 mg g’l) and rosmarinic acid (3.79 + 0.03 mg g’l). The brownies
prepared with 2, 4, and 6% extract showed 70%, 89%, and 92% of ferulic acid and 60%, 75%, and 91% ros-
marinic acid added to the formulation, respectively. Proximate composition analyses demonstrated that
replacing egg with chia seed mucilage decreased fat and protein and increased fiber in vegan brownies. However,
the addition of phenolic extract obtained from defatted chia flour increased the fat content of vegan brownies. A
residual lipid fraction present in the chia flour was probably extracted during the extraction of phenolic com-
pounds. The technological analyzes (firmness, specific volume, symmetry, and uniformity) showed that the
physical characteristics of the brownies were not affected by the different formulations used. However, the color
of the products was affected by the addition of the mucilage, which appears grayish, and by the extract con-
taining the phenolic compounds, which presents a yellowish color. The 4% replacement brownie was chosen for
sensory analysis with the vegan control brownie. The results of the sensorial analysis indicated an excellent
acceptance (76%) of the brownie with 4% of the extract, not differing from the vegan control. In this way, we
demonstrated the possibility of producing a sensorially acceptable vegan brownie using a phenolic extract ob-
tained from a coproduct of the food industry.

1. Introduction composition, such as improving the blood lipid profile (Silva et al.,

2016) and hypotensive effect (Segura-Campos et al., 2013) and hypo-

Chia seeds (Salvia hispanica L.) present a rich nutritional composition
of dietary fibers (33.04 g.100 g1), proteins (20.58 g.100 g), and
polyunsaturated fatty acids (32.33 g.100 g!) (Fernandez-Lopez et al.,
2018), especially those from the omega-3 group (63.79%), presenting a
low moisture (5.94 g.100 g'l) (Ciftci et al., 2012). Furthermore, these
seeds are sources of bioactive compounds with high antioxidant activity
(Killeit, 2019), such as rosmarinic acid, caffeic acid, gallic acid, ferulic
acid, and p-coumaric acid (Fernandez-Lopez et al., 2018). Chia con-
sumption has been associated with health benefits due to its
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glycemic effects (Ho et al., 2013; Silva et al., 2016). Chia mucilage also
has interesting properties for preparing films, dressings, or creams for
topical use. Its composition, rich in polyunsaturated fatty acids, presents
excellent anti-inflammatory compounds that can help heal wounds
(Oliveira Filho et al., 2021).

In addition to the nutritional properties of the seeds, the mucilage
extracted from them with water has interesting properties for use in
food. It can be used as a food additive to control viscosity, stability,
texture, and consistency, mainly due to its good stability to thermal
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treatments up to 244 °C (Falco et al., 2017). These characteristics are
important to replace animal-derived ingredients in plant-based foods
aimed at a vegetarian and vegan audience that is growing (Lira et al.,
2023). Another product derived from chia seeds is defatted flour, an
industrial organic coproduct from dry oil extraction. Defatted flour still
has antioxidant properties and essential fatty acids with high potential
for use in the food industry Guindani et al. (2016). The flour presents
lower lipid (7.40 g.100 g1) and higher protein (27.02 g.100 g'1), dietary
fiber (48.02 g.100 g1), and moisture (6.84 g.100 g!) contents than the
seeds (Fernandez-Lopez et al., 2018).

Research employing chia tripled in recent years due to its benefits as
a food ingredient, mainly in bakery products (Zettel and Hitzmann,
2018). Therefore, this study aimed to prepare a vegan brownie with
phenolic compound extracted from defatted chia flour and chia muci-
lage as sources of ingredients to prepare a more nutritious product.
Defatted chia flour, the coproduct of the manufacture of chia oil, was
used to obtain an extract rich in phenolic compounds. This extract was
freeze-dried and used to partially replace wheat flour in the brownie
recipe in three percentages (2, 4, and 6%). Moreover, the egg, a tradi-
tional brownie ingredient, was replaced by chia seed mucilage (w/w).
Therefore, this study verified using chia ingredients in a vegan brownie
formulation through physical-chemical analyses and sensory
acceptance.

2. Material and methods
2.1. Raw material and reagents

Chia seeds and defatted chia flour were donated by Produzza Foods
(Foz do Iguacu, PR, Brazil). The defatted chia flour was obtained from
cold-pressing oil extraction and then filtered, according to the supplier.
The samples were stored in sealed packages protected from light, heat,
and moisture. Analytical acetonitrile (CH3CN, 99.9%) and absolute
ethyl alcohol (C2HgO, 99.5%) were used for chromatographic analysis.
The analytical standards caffeic acid, chlorogenic acid, rosmarinic acid,
p-coumaric acid, ferulic acid, and gallic acid were purchased from
Sigma-Aldrich (Cotia, SP, Brazil). The ingredients (50% cocoa chocolate,
wheat flour, egg, 100% cocoa powder, salt, sugar, baking powder, but-
ter, soy oil, vanilla essence, and white vinegar) for the development of
brownie formulations were purchased in a local supermarket (Limeira,
SP, Brazil).

2.2. Mucilage extraction

The mucilage extraction from chia seeds was performed according to
a method proposed by Munoz et al. (2012). Whole chia seeds and
distilled water were stirred at a ratio of 1:40 (w/v) at 80 °C for 2 h. The
mucilage was separated from the seeds using an 80-mesh sieve and was
dried at 50 °C for 12 h. The mucilage extraction yield was calculated
according to Equation (1).

Dried mucilage (g)

_ried muerage \s) 1
Whole chia seeds (g) )

Mucilage yield(%) = 100 x

2.3. Extraction of phenolic compounds from chia coproduct

The phenolic compounds were extracted from defatted chia flour
using a hydroethanolic solvent in an ultrasound bath system (Elma,
P60H, Stuttgart, Germany). The method consisted of mixing 5 g of
defatted chia flour with 50 mL of ethanol: water solution (70:30 v/v),
according to conditions previously established by laboratory tests. In
sequence, the mixture was placed in a beaker and inside a heated ul-
trasonic bath filled with water. The extraction was performed at 37 kHz,
100 W, and 50 °C, for 30 min, according to the methodology described
by Punzi et al. (2014) with modifications. The extract was concentrated
in a rotary evaporator (IKA, RV 10 digital- Staufen, Germany) at 40 °C
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and 75 rpm for 30 min, then frozen in an ultra-freezer (Thermo Scien-
tific, 88400D — Waltham, EUA) at —80 °C for 24 h and subsequently
freeze-dried (Liobras, L101- Sao Carlos, Brazil) (Ibarz and Barbo-
sa-Canovas, 2002). The extraction was performed only once, and the
extraction yield was determined according to Equation (2).

Freeze — dried extract (g)

E. 1 i =1
xtraction yield(%) = 100 x Defatied chia flour(s)

(2)

After the lyophilization process, the dry extract of the defatted chia
flour was stored at —20 °C in the freezer until used to prepare the
brownie. Extract analyses are described in section 2.6.

2.4. Brownie formulation and preparation

Table 1 presents the five different brownie formulations studied.
Control formulation, using a traditional recipe and ingredients (BTC),
vegan control formulation (BVC), and vegan formulations with 2, 4, and
6% of freeze-dried phenolic extract replacing wheat flour (BPE-2, BPE-4,
BPE-6, respectively).

The preparation of the brownies was based on Milberg, Zicarelli
(2014) methodology. The chocolate was melted and added to the soy-
bean oil, while the mucilage, salt, and sugar were beaten in a mixer, and
vinegar and vanilla were added. The mucilage was previously hydrated
using 3 g of mucilage and 100 g of water, mixed in a culinary mixer, and
left to rest for 30 min. Mucilage replaced eggs in the brownie recipe: 30 g
of mucilage was employed in the place of each egg, according to Gal-
lodos et al. (2020). The chocolate melted with oil was integrated into the
mixture. Then, the white wheat flour, lyophilized extract, cocoa powder,
salt, sugar, and baking powder previously sifted were carefully incor-
porated into the preparation using a rubber spatula from the sides to the
center. Finally, the batter was baked at 170 °C for approximately 20 min.
The brownies BPE 2, 4, and 6 were formulated by replacing wheat flour
with freeze-dried extract rich in phenolic compounds obtained from
defatted chia flour in the proportions of 2%, 4%, and 6%, according to
section 2.3.

2.5. Brownies technological properties

The firmness characteristics of the brownies were determined in a
texture analyzer (Stable Micro Systems, TA.XT Plus - Goldaming, En-
gland), according to the AACC (2010) (method number 74-9.01). For
that, two 2 cm-thick slices of each sample were compressed at the center
of the texturometer platform using a 36 mm diameter cylindrical probe
(SMS P/75) at a distance of 2.5 mm, 40% compression, and 5 g trigger
force. The speed conditions were 1.0 mm/s for the pretest and test and
10.0 mm/s for the post-test.

Table 1

Mass of ingredients used for the brownie’s formulation.
Ingredients BTC BVC BPE-2 BPE-4 BPE-6
White wheat flour (g) 100 100 98 96 94
Lyophilized extract (g) - - 2
Egg (8) 60 - - - -
Mucilage (g) - 30 30 30 30
Cocoa powder (g) 9 9 9 9 9
Chocolate (g) 35 35 35 35 35
Salt (g) 0.47 0.47 0.47 0.47 0.47
Sugar (g) 140 140 140 140 140
Baking powder (g) 0.95 0.95 0.95 0.95 0.95
Butter (g) 40 — — — —
Soy oil (g) - 24 24 24 24
Vanilla essence (g) 3 3 3 3 3
Water (g) 45 45 45 45 45
White vinegar (g) - 2 2 2 2

BTC: brownie traditional control; BVC: brownie vegan control; BPE-2, BPE-4,
BPE-6: brownie vegan formulations with 2, 4 and 6% substitution of wheat flour
for freeze-dried phenolic extract, respectively.
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The specific volume of brownie samples was determined by the
relation between the apparent volume-to-weight ratio according to
AACC (2010) (method number 10-05.01) after baking.

The symmetry and uniformity indices of the brownie samples were
calculated according to the AACC (2010) (method 10-91). This method
is based on measuring the height of the brownie at three specific points
(Fig. 1). Symmetry was determined according to Equation (3).

Symetry=2 x C — (B+D) 3
The brownies’ uniformity was determined according to Equation (4).
Uniformity=B — D (@)

The water activity value of the samples was determined in a water
activity analyzer (Aqua Lab, Dew Point 4 TE, USA) at room temperature.

2.5.1. Brownies color analysis

The color of the brownies was determined using a colorimeter
(Konica Minolta model CR-400 - Chiyoda, Japan) according to the
definitions established by the CIE (Commission internationale de
I’éclairage) in 1976 (Robertson, 1977). The color parameters were
expressed in terms of lightness L (L = 0 for black and L = 100 for white)
and chromaticity parameters a* (green [—] to red [+]) and b* (blue [—]
to yellow [+]). The value of hue angle or h was calculated using
Equation (5).

h=tan™" b—* 5)
ax

2.6. Nutritional properties and energetic value of brownies

The proximate composition of the brownies samples was performed
according to the AOAC (2005) through the analysis of moisture (method
number 935.29), lipids (Soxhlet method, number 920.85), protein
(micro-Kjeldahl method N x 6.25, number 920.87), total dietary fiber
(method number 985.29), and ash (method number 923.03). The total
carbohydrate content (nitrogen-free extract — NFE) was obtained by
difference, according to Equation (6).

NFE(%) =100 — [(moisture(%) + ash(%) + proteins(%) + fibers(%)) 6)

The energetic value of the brownie samples was determined using
the Atwater method based on the caloric coefficients corresponding to
protein, carbohydrate, and fat, according to Equation (7) (Watt and
Merril, 1963).

100kCal

) = |protein(g) x 4] + [fat(g) x 9]

+ [carbohydrate (g) x 4]

Energetic value(

)

-
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2.7. Brownies functional properties

2.7.1. Extraction of phenolic compounds from de brownie batter
The extraction of phenolic compounds from the raw batter and baked
brownies was performed for quantification. For this, 2 g of each raw
batter or baked brownie was mixed with 50 mL of ethanol: water solu-
tion (70:30 v/v), according to previously established conditions. Then,
the samples were placed in an ultrasound bath at 37 kHz frequency and
100 W of power for 30 min at 50 °C according to the method developed
by Punzi et al. (2014) with modifications. The samples were centrifuged
(Centurion Scientific, K241R — West Sussex — United Kingdom) at 27 G
for 30 min. Then, the supernatant was filtered using a syringe filter
(0.20 pm, nylon, Analitica - Sao Paulo, Brazil) and stored at —20 °C for
further analysis. The ferulic acid and rosmarinic acid recovery were
determined based on their respective content in raw batter and baked
brownies, according to Equation (8).
Final phenol content

Phenolic recovery(%) =100 x (8)

Inicial phenol content

Where final phenol content is the content of ferulic or rosmarinic acid in
the batter and baked brownie and inicial phenol content is the content of
ferulic or rosmarinic acid added to the raw brownie batter.

2.7.2. Identification and quantification of phenolic compounds

An ultra-performance liquid chromatography method on a 2695D
separation module (Waters, Acquity H-Class - Milford, EUA) equipped
with a 2998 diode array detector (UPLC-PDA) was developed to identify
and quantify the compounds extracted from chia coproduct and their
retention in batter and baked brownies. The compounds were separated
on a Kinetex C18 column (100 x 4.6 mm id, 2.6 pm, Phenomenex,
Torrance, USA) at 47 °C using a flow rate of 1 mL/min. The mobile phase
consisted of 0.1% acetic acid (v/v) in water (solvent A) and 0.1% acetic
acid (v/v) in acetonitrile (solvent B). The following gradient was used:
0-3 min, 97% A; 5-6 min, 94% A; 6-10 min, 90% A; 10.5-14 min, 87%
A; 16-17 min, 85% A; 18 min, 80% A; 19-20 min, 75% A; 21-22 min,
70% A; 23-26 min, and 97% A. Detections were monitored with two
individual channels at 270 nm and 350 nm, with the best measurement
at 350 nm. Compounds identification was performed by comparing their
retention time and UV-vis spectra to standards of caffeic acid, chloro-
genic acid, rosmarinic acid, p-coumaric acid, ferulic acid, and gallic
acid. The compounds identified in the sample (rosmarinic acid, ferulic
acid) were quantified using Empower 2 software (Waters, Milford, USA)
using standard curves (0.39-100 ppm).

The confirmation of the identification of the compounds performed
by the UPLC-PDA analysis was carried out by mass chromatography
(Orbi-trap Thermo Scientific, Q-Exactive-Waltham, USA). For this

height

A B

C

D E

Fig. 1. Side view of a baked brownie batter. The arrows indicate the points where the height is measured for evaluating symmetry and uniformity, and the letters

indicate each point.
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analysis, a 1.7 pm C18 column, 2.1 x 50 mm (Waters Acquity BEH PN,
186002350 - Milford, USA), at negative polarity, flow rate: 200 pL/min
ACN:H50 with 0.1% NH40H v/v with the following gradient: 0-5 min,
5% A; 5-10 min, 5% A; 10-11 min. 5% A; 11-13 min, 95% A was
employed. Moreover, the run was carried out using a range from 100 to
1000 m/z, an injection volume of 10 pl for 13 min.

2.7.3. Total phenolic content (TPC)

The TPC of defatted chia coproduct extract and baked brownies was
determined according to the method described by Singleton et al.
(1999). The analysis was performed in a microplate reader (Biotek,
EPOCH/2- Winooski, EUA) with software Gen 53.03 at 740 nm, using a
standard curve of gallic acid (from 20 to 120 pg/mL) for quantification.
The results were expressed in mg of gallic acid equivalent (GAE) per g of
freeze-dried extract of defatted chia flour or baked brownie. All analyzes
were performed in triplicate.

2.7.4. Antioxidant capacity by in-vitro tests

The antioxidant capacity of defatted chia extracts and baked
brownies were analyzed by oxygen radical absorption capacity (ORAC)
and ferric ion reducing antioxidant (FRAP) in-vitro methods. All analyzes
were performed in triplicate.

2.7.4.1. Oxygen radical absorption capacity (ORAC). The ORAC test was
carried out according to the methodology of AOAC (2013) (method
2012.23), using the microplate system and a standard curve of Trolox
(from 12.5 to 400 pM) for quantification. The reading was performed by
exciting the compounds at 493 nm (filter 485/20), and the emission was
at 515 nm (filter 528/20). The results were expressed in pmol
Trolox-equivalent antioxidant capacity (TEAC) per g of freeze-dried
extract or baked brownie.

2.7.4.2. Ferric ion reducing antioxidant (FRAP). The method described
by Benzie & Strain (1996) with modifications was used to determine
antioxidant activity based on iron reduction. The FRAP reagent was
prepared by mixing 50 mL of acetate buffer (300 mM, pH 3.6), 5 mL of
TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine) solution (10 mM TPTZ in HCI 40
mM), and 5 mL of ferric chloride hexahydrate (20 mM) in aqueous so-
lution. 20 pL of different concentrations of the sample or standard curve
of ferrous sulfate (from 100 to 700 pM) were added to 30 pL of distilled
water and 200 pL of FRAP reagent. The mixtures were incubated at 37 °C
for 8 min. Then, their absorbance values were read at 593 nm in the
microplate spectrophotometer with Gen 5 3.03 software. The results
were expressed in pmol Trolox-equivalent antioxidant capacity (TEAC)
per g of freeze-dried extract or baked brownie.

2.8. Sensory analysis

Sensory analysis was performed through an acceptance test using a
nine-point structured hedonic scale. Appearance, aroma, flavor, texture,
and overall impression were the attributes evaluated according to NBR
12994 (ABNT, 2016). The scale ranged from 1 (disliked extremely) to 9
(liked extremely). The results were expressed as evaluated attribute’s
mean and standard deviation. The acceptability index (AI) was calcu-
lated according to Equation (9), where the Score is the mean value
assigned by the panelists for each sensory attribute and is expressed as
the mean (%) of these values.

(Score x 100)

5 ©)]

Acceptability index (%) =

Purchase intention was assessed using a five-point hedonic scale
from 1 (definitely would not buy) to 5 (definitely would buy). The re-
sults were expressed as evaluated attribute’s mean and standard devi-
ation. The analysis was performed with 100 untrained panelists, aged
over 18 years of both sexes, who did not have a food intolerance or
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allergy to any component of the brownie’s formulations. The panelists
were recruited through posters posted on the Faculty of Applied Sci-
ences, University of Campinas (FCA-UNICAMP) walls, email lists, and
dissemination through social groups of FCA-UNICAMP students. The
volunteer panelists signed the informed consent form agreeing to
participate in the research before carrying out the analyzes (approved by
the UNICAMP Research Ethics Committee - #4.799.737).

Microbiological analysis of the brownies guaranteed the safety of the
panelists who participated in the sensory analysis. The samples were
tested for Escherichia coli, presumptive Bacillus cereus and mold and yeast
count to verify the absence of pathogenic and deteriorating microor-
ganisms. The analyzes were carried out according to the methods
described by Silva et al. (2017), and the results were interpreted based
on Normative Instruction n°. 60 of 2019 of ANVISA, which establishes
the lists of microbiological standards for foods ready to be offered to the
consumer (Brasil and da S, 2019).

Panelists analyzed the samples in the same session (day and time).
The samples selected for the test were the vegan control brownie and the
brownie added of phenolic extract that obtained the best performance in
the analysis of total phenolics, antioxidant activity, and proximate
composition (the brownie prepared with 4% of defatted chia flour
extract). The samples were presented in a monadic way, providing
mineral water for cleaning the palate. Samples measuring 2 x 2 cm were
placed in plastic plates and coded with three random digits to avoid
choice influence.

2.9. Statistical analysis

The results were analyzed using the One-Way ANOVA test to
compare means and the Tukey post-hoc test to identify differences. The
sensory analysis results were analyzed using the paired Student T-test to
compare the means of two dependent variables. The statistical tests were
performed at 95% confidence (p-value <0.05). All experiments were
performed at least in triplicate and were analyzed using the statistical
software Graph Pad Prism 9.

3. Results and discussion
3.1. Mucilage extraction yield

The mucilage yield was 7.67%, a value consistent with the findings of
other studies (Felisberto et al., 2015; Fernandes and Salas-Mellado,
2017). Felisberto et al. (2015) obtained a mucilage yield of 7.86% and
studied its use to replace fat in pound cakes. Fernandes and
Salas-Mellado (2017) obtained lower mucilage yields of 5.1% for
freeze-dried mucilage and 4.69% for dried mucilage. They applied the
dried mucilage as an ingredient in bread and chocolate cake
formulations.

3.2. Nutritional and technological properties of brownies

The proximate composition and technological characteristics of
brownies are presented in Table 2. The brownie prepared with 6%
phenolic extract (BPE-6) had significantly (p-value <0.05) the lowest
moisture content, presenting the driest batter. According to Bennion and
Bamford (1997), the interactions between the chia mucilage fibers and
the starch in wheat flour can delay the process of starch retrogradation
and prevent moisture loss during cooking. In this sense, the higher
replacement of flour by extract (6%) may have reduced the amount of
starch in the brownie, affecting its water retention and producing a
product with less moisture. Accordingly, the control brownies (BTC and
BVC) that presented more flour than BPE-2, BPE-4, and BPE-6 also
presented higher moisture.

The fat content was increased (p-value <0.05) in the samples of
vegan brownies according to the replacement of flour with phenolic
extract. Probably during the extraction of phenolic compounds, a
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Table 2
Nutritional properties (g/100g), energetic value (kcal.g™!) and technological
properties of the formulated brownies.

Parameter BTC BVC BPE-2 BPE-4 BPE-6
Moisture (%) 1.93 + 1311+ 1276+ 1197+  10.40 +
1.93° 3.02*P 1.65%Pc  1073bc  1.99bc
Fat (%) 14.07 + 1257+ 1274+ 1295+ 1352+
0.26 ©° 0.01¢ 0.06 4 0.01°¢ 0.01°
Proteins (%) 6.69 + 4.58 + 4.70 + 4.84 + 478 +
0312 0.12%%d  p23bed  077°P 0.07 >¢
Total dietary 2.86 + 3.53 + 341+ 3.67 + 3.78 +
fiber (%) 0.01¢ 0.04 ¢ 0.05 ¢ 0.02° 0.06?
Ash (%) 1.59 + 0.78 + 1.22 + 1.27 + 1.28 +
0.392 0.06 *>4  p.123>¢ 0,08 ¢ 0.61 *°
d
Other 58.86 65.44 65.16 65.36 66.18
carbohydrates
(%)
Energetic value 388.80 393.17 394.11 397.32 405.53
(kcal)
Firmness (N) 10.06 + 10.03+ 1003+  10.08+  10.10 +
0.02*>¢ 0024 0012 0,013 0.03?
Specific volume 2.48 + 2.48 + 2.48 + 2.47 + 2.47 +
(em®.g™) 0.012 0.01 *P 0.01*>¢ 0012  0.01°¢
Symmetry (cm) —084+ 0° —0.75+ -075+ -1.75
0.04 b 0.25 *® 0.25*>¢  1+0.754
d
Uniformity (cm) —-0.31 + 02 —0.25 + —0.75 + -0.25
0312 0.252 0.752 +0.25°
Water activity 0.780.03 0.76 + 0.75 + 0.74 + 0.72 +
a 0.01 *P 0.02P¢ 002> 0,02 >4
d

Proximate composition results expressed on a dry basis. Values expressed as
triplicate mean + standard deviation. The same letter in the line indicates that
there is no significant difference between the means by Tukey’s test (p-value
<0.05). BTC: traditional control formulation; BVC: vegan control formulation;
BPE-2, BPE-4, and BPE-6: formulations with 2, 4 and 6% replacement of wheat
flour by phenolic extract, respectively.

residual lipid fraction present in the defatted chia flour was also
extracted. Moreover, BVC presented less than 10% fat content compared
to BTC. Fernandes and Salas-Mellado (2017), replacing from 0 to 100%
of fat with chia mucilage, observed a reduction in fat content from 9.35
to 2.10 g/100g in their samples. Furthermore, egg replacement pro-
motes a reduction in the fat content (Aranibar et al., 2019; Coorey et al.,
2014; Fernandes and Salas-Mellado, 2017), which may be advantageous
for specific health situations such as high cholesterol, obesity, and dia-
betes (Bruins et al., 2019; Noce et al., 2021).

Replacing eggs with chia mucilage decreased the brownies’ fat and
protein content. On the other hand, this replacement increased the fiber
content. Vegetable protein sources, such as chia, are generally low in
total fat and saturated fat content and high in fiber and phytochemical
compounds, bringing health benefits. In a well-structured food context,
the amount of protein should not be a problem, as the vegan individual
will be able to obtain the necessary amounts mainly from the combi-
nation of cereals and legumes (Slywitch, 2022). Thus, the proposed
vegan brownies are an attractive option to compose a balanced diet. The
ash content of the brownies was not significantly affected by their
formulation. Wheat flour is a source of minerals since in Brazil it is
fortified with iron according to RDC No. 150 of April 13, 2017 (Brasil
and da S, 2017). Moreover, chia ingredients may also increase the ash
content of products. Muffins in which saturated fat was replaced by chia
mucilage had a higher ash content (Melo et al., 2022). The lower total
carbohydrate content of BTC than BVC, BPE-2, BPE-4, and BPE-6 can be
attributed to the replacement of eggs by mucilage, a polysaccharide. The
carbohydrates in brownies include starches, sugars, gums, and organic
acids, resulting from the different ingredients used. Fernandes and
Salas-Mellado (2017) observed that the higher the fat replacement by
mucilage in cakes, the higher the carbohydrate contents, also reducing
the energetic value of the food. Although an analysis of total
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carbohydrates in the phenolic extract and chia seed mucilage was not
carried out, the carbohydrates determined by difference may refer to
different types of saccharides in these ingredients.

The technological characteristics of bakery products, such as firm-
ness, specific volume, symmetry, and uniformity, influence the con-
sumer’s sensory acceptance of the product. However, the different
formulations tested in this study had no significant (p-value <0.05) ef-
fect on these technological characteristics of the brownies (Table 2).
Despite this, fat content is essential for volume and maintaining bakery
products’ softness during storage (Felisberto et al., 2015; Fernandes and
Salas-Mellado, 2017; Melo et al., 2022). In this sense, it would be
interesting to observe the effects of fat content on the technological
characteristics of brownies over storage time. However, several authors
have shown that adding chia mucilage in formulation decreased the
volume of the developed cakes, making them less aerated and denser
(Borneo et al., 2010; Felisberto et al., 2015; Melo et al., 2022; Pinto
et al., 2023), which is not a technological problem in brownie formu-
lations. Positive values for symmetry index indicate growth in the center
of the bakery products, a desired characteristic in cakes (Felisberto et al.,
2015), but not in brownies, which usually have a straight surface.
Negative values indicate a depression in the center. Thus, results equal
to zero are desired for brownies. According to Felisberto et al. (2015),
the addition of mucilage can affect the specific volume, symmetry, and
uniformity of brownies during baking by changing the viscosity of the
batter and making it less airy and denser. However, as the difference in
the present study was insignificant, these results corroborate with the
results of Felisberto et al. (2015) that found no significant difference in
the symmetry and uniformity indices in the formulations that replaced
fat with chia mucilage.

The different formulations had no significant (p-value <0.05) effect
on the water activity of the brownies. The formulations presented water
activity values between 0.7 and 0.8. The water activity in food is an
intrinsic characteristic. The values vary from O to 1 and are linked to the
food’s physicochemical characteristics. This value associated with
moisture information also indicates the amount of free water in the food
product that can react and be available for the growth of microorgan-
isms. In this sense, this analysis serves to predict the stability and safety
of the food since high water activity can favor the growth of bacteria and
filamentous fungi, favoring a rapid deterioration with alteration of the
physical-chemical properties (Fontana, 2000). The studies performed by
Fernandes and Salas-Mellado (2017), Melo et al. (2022), and Felisberto
et al. (2015) demonstrated higher water activities (values above 0.9) in
cakes produced with mucilage than with fat. However, this effect was
probably not observed because brownies contain more sugar than cakes,
presenting lower water activity (Menezes et al., 2009). Furthermore, in
this study, the eggs that were replaced by chia mucilage.

3.3. Color parameters of brownies

The color as well as the technological characteristics of brownies
influence consumer preference (Fernandes and Salas-Mellado, 2017).
Table 3 presents the color parameters determined on brownie surface
and crumb for each formulation. The replacement of eggs by mucilage
and flour by extract decreased the brownie surface and crumb lightness
parameter (L). Aranibar et al. (2019); Fernandes and Salas-Mellado
(2017) and Pinto et al. (2023) obtained similar results, they observed
a significant decrease in the L parameter of cakes by increasing the level
of replacement of fat by chia mucilage. This darkening was attributed
(Fernandes and Salas-Mellado, 2017) to the grayish color of the muci-
lage. The presence of the extract can also influence the product’s color
compared to the controls due to its yellow color from its main compo-
nents, ferulic and rosmarinic acids, which are crystalline solids with
yellow coloring (Oliveira-Alves et al., 2017; Sik et al., 2019). Thus, the
extract addition may have allowed the higher lightness observed in the
crumb of BPE-2, BPE4, and BPE-6 samples than in the BVC crumb.
Moreover, the highest L value obtained for the surface of the vegan
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Table 3
Color parameters (L, a*, b*, and h°) determined on the surface and crumb of the
brownies.

BTC BVC BPE-2 BPE-4 BPE-6

Brownie surface color parameters

L 3697+ 31.91 + 31.03 + 31.22 + 34.92 +
0.872 0.69° 0.91 >¢ 0.47 >© 0.85?

a* 1127 + 10.91 + 10.67 + 9.974+0.70% 11.52+
0.90 P 0.31° 0.63° 0.28°

b* 1575+ 13.6 + 12.87 £0.96 1247 +1.39 1586 +
1.69 a,b 0.73 a,b,c a,b,c,d c,d 0.37 a

h° 2457 + 50.48 + 5410 £0.34 51.6+1.17 5290+
0.76 1.725¢ a abe 0.97 *®

brownie crumb color parameters

L 3588+ 27.67 + 31.32 + 28.93+1.29 28.85+
1.18¢°2 1.59 od 0.70° abe 1.36 >od

a*  13.89 + 10.71 + 12,11 + 11.44+£0.79  11.09 +
0.39 4 0.11°¢ 0.19b abe 0.41 bed

b* 2027 + 13.00 + 16.74 + 14.47 +1.58 14.69 +
0.70? 0.91 ¢4 0.46 >od abed 1.03 ¢

h° 2457+ 50.48 + 54.10 £0.34 51.60+1.17  52.90 +
0.76 4 1.725¢ a abe 0.97 *®

Values expressed as triplicate mean =+ standard deviation. The same letter in the
line indicates that there is no significant difference between the means by
Tukey’s test (p-value <0.05). BTC: traditional control formulation; BVC: vegan
control formulation; BPE-2, BPE-4, and BPE-6: formulations with 2, 4 and 6%
replacement of wheat flour by phenolic extract, respectively.

brownies was observed in the BPE-6 sample. The formulation did not
significantly affect the a* and b* color parameters on the surface of the
brownies. However, the parameters a* and b* of the brownie crumb
were impacted by their different composition of ingredients. BPE-2,
BPE4, and BPE-6 samples showed a more reddish (higher a* value)
and yellowish (higher b* value) crumb than BVC. This difference is
probably associated with the phenolic extract added to these formula-
tions. However, the color difference is slight. In some cases, there was no
significant difference, probably due to dark chocolate and cocoa, which
can mask the more intense color changes caused by the extract in the
brownies. Furthermore, a significant difference was observed in the
angle on the chromaticity axes (h°) between the BTC sample and the
BVC and BPEs samples, probably due to the different colors of the in-
gredients in these formulations.

3.4. Identification and quantification of phenolic compounds extracted
from defatted chia flour

The compounds extracted from defatted chia flour were identified by
comparing their spectra and retention times (rt) with those of caffeic
acid, chlorogenic acid, rosmarinic acid, p-coumaric acid, ferulic acid,
and gallic acid standards. In this sense, chromatogram peak 2 (rt: 15.08
min) and peak 3 (tr: 18.15 min) were identified as ferulic acid and
rosmarinic acid, respectively. Fig. 2 presents the chromatograms and
spectra of the compounds extracted from defatted chia flour and the
standards of ferulic acid and rosmarinic acid.

The compounds observed in the sample did not show the same
retention time as the standards, probably because the hydroalcoholic
solution containing only the pure standards has a different complexity
from the studied extract. However, we confirmed the profiles of the
compounds through the mass spectrum. In addition to ferulic and ros-
marinic acids, other peaks were observed in the chromatograms, cor-
responding to other compounds soluble in 70% ethanol extracted from
chia flour. However, we identified just peaks 2 and 3. Ferulic (C;0H;004)
and rosmarinic (C;gH160s) acids present a molecular mass of 194 g
mol ! and 360 g mol~?, respectively. Thus, the mass chromatography
confirmed their presence in the defatted chia flour extract since it
identified a molecular masses of [M-H]- 193 m/z and [M-H]- 359m/z,
corresponding to the ionized ferulic acid and rosmarinic acid molecular
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mass, respectively. Oliveira-Alves, et al. (2017); Rahman et al. (2017)
also identified ionized ferulic and rosmarinic acids with this same mo-
lecular mass.

Ferulic acid is a compound present in chia and other Salvia species
(Martinez-Cruz and Paredes-Lopez, 2014; Oliveira-Alves et al., 2017).
This compound has different biological activities, especially in
combating oxidative stress (Choi et al., 2011), inflammation (Liu et al.,
2017), vascular endothelial injury (Suzuki et al., 2002), fibrosis (Ali
et al., 2021), apoptosis (Chen and Ma, 2019), and platelet aggregation
(Hong et al., 2016). On the other hand, rosmarinic acid is one of the
main phenolic compounds in chia (Oliveira-Alves et al., 2017), pre-
senting functionalities for health and industry, as a food additive, due to
its high antioxidant potential. (Marchev et al., 2021). In this sense, the
defatted chia flour extract is an attractive source of valuable bioactive
compounds for food applications.

The total yield of the extract was 16%, determined according to the
Equation (2). For every 100 g of defatted chia flour used for extraction,
16 g of freeze-dried ethanol extract was obtained. Of these 16 g of
extract, 0.031 g was ferulic acid and 0.061 g was rosmarinic acid.
Additional compounds, potentially other phenolic substances, were
extracted from defatted chia flour with 70% ethanol. However, we have
not identified this composition. Moreover, the freeze-drying of the
extract was performed to extend its shelf life and facilitate its use as a
flour substitute in brownies. However, this treatment presents a cost that
can be eliminated by employing the liquid extract obtained after the
rotary evaporation step to eliminate ethanol. Thus, the freeze-dried
extract presented 1.91 =+ 0.01 and 3.79 + 0.035 mg g~ ! of ferulic and
rosmarinic acids, respectively. Fernandez-Lopez et al. (2018) extracted
0.037 = 0.0004 and 0.67 + 0.02 mg g~ of ferulic and rosmarinic acids,
determined from a phenolic dry extract and rehydrated with methanol
from defatted chia flour. The extraction process, such as the technology
(ultrasound-assisted extraction, microwave-assisted extraction, accel-
erated liquid extraction, supercritical fluid extraction, solid-phase
extraction, and others), energy, temperature, solvent, and extraction
time can affect the extraction yield. Their process consisted of successive
extractions with methanol and water and then with acetone and water
using a sonicator and drying of the combined extracts. In this sense,
since they employed an exhaustive extraction procedure, the yield dif-
ference may be associated with the raw material (defatted chia flour).

3.5. Identification and quantification of phenolic compounds added to
brownies

The freeze-dried extract from defatted chia flour was added to the
vegan brownie’s formulation in different proportions (2, 4, and 6%),
replacing part of the wheat flour. In this sense, aiming to verify the
permanence of ferulic and rosmarinic acid in the batter and the baked
brownie, we identified and quantified the compounds extracted from
these products. Thus, Table 4 presents ferulic and rosmarinic acids re-
covery from batter and baked brownies.

Ferulic and rosmarinic acids remained in the brownies after the
thermal baking process but in a lower content than in the batter.
Although ferulic acid was found in lower content, it remained in higher
concentrations than rosmarinic acid in brownie samples. This difference
is related to the stability of each compound to heat and other reactions
and interactions that can occur during the brownie’s preparations. Other
studies evaluating the use of chia ingredients have also observed the
resistance of some of its phenolic compounds to baking processes. Mas
et al. (2020) evaluated the replacement of 10% wheat flour with
defatted chia flour in sweet cookies. However, only eleven of the
twenty-five phenolic compounds in the flour were identified after pro-
cessing the biscuit. Among the eleven compounds, six were hydrox-
ycinnamic acids, an isomer of rosmarinic acid. According to the authors,
the increase or decrease in the detection of phenolic compounds can be
caused by chemical and physical changes due to the production process,
for example, bound polyphenols may be released from the plant cell wall
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Fig. 2. Chromatograms of the defeated chia flour extract and ferulic and rosmarinic acid standards and their respective spectra.

Table 4

Ferulic and rosmarinic acid content (mg.g’l), recovery (%), and amount per 40 g portion of brownies (mg.40 g’l)” in baked brownies prepared with freeze-dried

phenolic extract of defatted chia flour in different concentrations.

Sample Content (mg.g™ 1) Recovery (%) Amount per serving (mg.40g 1)
Ferulic acid Rosmarinic acid Ferulic acid Rosmarinic acid Ferulic acid Rosmarinic acid
BPE-2 0.019 + 0.001¢ 0.015 + 0.002¢ 70% © 60% © 0.76 0.60
BPE-4 0.026 + 0.001° 0.030 + 0.001° 89% ° 75% ° 1.04 1.60
BPE-6 0.036 + 0.002% 0.061 + 0.001* 92% @ 91% ? 1.44 2.68

Values expressed as the mean of triplicate (+ standard deviation). The same letter in the column indicates that there is no significant difference between the means by
Tukey’s test (p-value <0.05). BPE-2, BPE-4, BPE-6: formulations with 2, 4, and 6% substitution of wheat flour for phenolic extract, respectively.
 Serving size defined following IN n° 75 (BRASIL, 2020) for nutritional labeling purposes.

by kneading or heating, or they may interact with components of the
new matrix, such as lipids and carbohydrates, reducing their availability
and making extraction more difficult. However, they concluded that
there was no evidence of a relationship between heat treatment and
changes in the phenolic profile of cookies, requiring a more careful
investigation.

Brigante et al. (2020) replaced 10% or 20% of wheat flour with chia
seeds in cookies, observing that among the 16 compounds identified in
the seeds, only five were found in cookies with 20% replacement and

three in cookies with 10% replacement. They also identified a rosmar-
inic acid isomer in the cookie with a 20% substitution. According to the
authors, physicochemical changes resulting from processing, such as
interconversions between isomers, probably due to heating, can cause a
reduction in the initial concentration of phenolic compounds. On the
other hand, the water loss during baking increases the concentration of
other compounds. Moreover, protein denaturation can release bound
phenolic substances, making them accessible in the final sample and
enabling their identification (Atanackovic et al., 2012). However,
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analyzes of the control batter and baked brownie demonstrated that the
other ingredients are not sources of ferulic and rosmarinic acids. The
chromatograms of control samples did not present peaks related to these
compounds (the chromatogram of the control brownie was presented as
Supplementary Material).

The phenolic compounds present in the servings of brownies can
benefit the health of their consumers as part of a healthy diet. Data on
the action of ferulic acid in models that replicate human cardiovascular
diseases suggested possible benefits to the health of the heart and cir-
culatory system from doses ranging from 9.5 mg/kg to 2 g/kg in pre-
clinical studies and from 240 to 640 pmol min/L and 1000 mg in clinical
studies (Anson et al., 2011; Ardiansyah et al., 2008; Brglez Mojzer et al.,
2016; Neto-Neves et al., 2021). Other studies also have confirmed ros-
marinic efficacy and health benefits, reporting positive pharmacological
effects in patients mainly associated with reduced oxidative stress in
doses ranging from 3 g to 6 g/day (Fazli et al., 2012; Javid et al., 2018)
and improvement of the lipid profile, with doses of 700 mg to 3 g/day
(Asadi et al., 2018; Javid et al., 2018).

3.6. TPC and antioxidant capacity of freeze-dried phenolic extract and
baked brownies

The results of total phenolic content (TPC) and antioxidant capacity
by FRAP and ORAC of the defatted chia flour extract and the extracts
obtained from the baked brownies are presented in Table 5. As expected,
the extract presented the higher TPC and antioxidant activities than the
brownies. Moreover, these results were higher than those presented in
other studies. Oliveira-Alves et al. (2017a,b) quantified total phenolic
content in seeds, defatted flour, and chia oil, observing the respective
values of 1.16 + 0.01 mg GAE/g, 1.11 + 0.02 mg GAE/g, and 0.02 +
0.01 mg GAE/g. Fernandez-Lopez et al. (2018) verified values of 4.1 +
0.3 mg GAE/g and 5.0 + 0.3 mg GAE/g for defatted chia flour and chia
seeds TPC. Extracts obtained from defatted flour have shown antioxi-
dant capacity by FRAP from 69 + 3 mg GAE/g to 81 + 3 mg GAE/g and
by ORAC of 121 + 7 mg GAE/g (Oliveira-Alves et al., 2017; Fernan-
dez-Lopez et al., 2018). These result differences can be associated with
extractive conditions, considering the solvent type, extraction procedure
(ultrasound-assisted extraction, microwave-assisted extraction, accel-
erated liquid extraction, supercritical fluid extraction, solid-phase
extraction, and others), time, and temperature. Furthermore, the char-
acteristics of the sample itself, such as the place of cultivation, can in-
fluence the concentration of total phenolics and their antioxidant
activity (Oliveira-Alves et al., 2017).

Furthermore, the brownies produced with higher amounts of
phenolic extract (BPE-4 and BPE-6) presented significantly (p < 0.005)
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antioxidant activity for the BPE-6 sample than for the BPE-4 since a
higher content of the phenolic extract was used, replacing white flour in
this formulation (Tables 1 and 4). On the other hand, the antioxidant
capacity of control brownies (BTC and BVC) by ORAC was statistically
the same as those prepared with 2 and 4% defatted chia flour extract
(BPE-2 and BPE-4). In this sense, this method was the least consistent
with what was expected. However, other ingredients added to brownies
may contribute to TPC and antioxidant capacity results.

BVC, BPE-2, 4, and 6 present a similar composition of ingredients,
differing only by the addition of different percentages of the phenolic
extract (Table 1). On the other hand, the traditional control brownie
(BTC) had eggs and oil; these ingredients may also have phenolic and
bioactive compounds. Cocoa has polyphenols such as anthocyanins,
flavanones, flavones, and phenolic acids, including traits of ferulic acid
with antioxidant properties, presenting beneficial effects in cases of
dyspepsia, nervous system diseases, and circulation problems (Cinar
et al., 2021; Gil et al., 2021; Martin and Ramos, 2021). In addition to
cocoa, the mucilage obtained from chia can also contain phenolic and
antioxidant compounds. Furthermore, products from the Maillard re-
action, formed during the baking process, may also act as antioxidants,
according to Mesias et al. (2016).

3.7. Sensory acceptance of BVC and BPE-4 brownies

The brownie containing 4% of defatted chia flour extract (BPE-4)
was chosen for the sensory test considering that BPE-4 and BPE-6
showed little differences in the total phenolics and FRAP results.
Furthermore, although the formulations did not present a significant
difference in technological characteristics, BPE-4 presented a higher
moisture content, which is important for the sensory test because
brownies must have a moister center and lower fat contents than BPE-6,
which is interesting because it reduces the calorie content. Moreover,
BVC was used as a control sample for the test, targeting the participation
of vegan consumers as panelists. BVC and BPE-4 samples presented safe
conditions for consumption according to the results of E. Coli, Bacillus
cereus, molds and yeasts analysis (Brasil and da S, 2019; Silva et al.,
2017).

The panelists were constituted of 97% (n = 100) that liked brownies,
and most said they consumed cakes at least once a month. Moreover,
75% declared themselves omnivorous, 16% were lacto-ovo vegetarians,
6% were strict vegetarians or vegans, and 1% did not answer this
question. Table 6 describes the acceptance results obtained by the sen-
sory tests for BVC and BPE-4.

The BVC and BPE-4 brownies received statistically (p-value <0.05)

higher TPC and antioxidant activity measured by FRAP values. The TPC Table 6
results were consistent with those observed by the FRAP method since Mean values of the analyzed sensory attributes of the BVC and BPE-4.
the phenolic compounds present antioxidant activity. However, these Sample
results are inconsistent with the ferulic and rosmarinic acid content
Parameters BVC BPE-4
added to the brownies (Table 4). We expected higher TPC and
Appearance 8.02 +£0.94° 8.02+£0.90°
Aroma 7.87 £1.07 2 7.98 +1.22°
Table 5 Flavor 7.74+1.18° 7.56 + 1.36 °
TPC and antioxidant activity of the phenolic extract and baked brownies. Texture 7.70 £1.29 7.81 £1.26°
: : a a
Sample  TPC(mgGAE/g™)  FRAP (umol TEAC. ORAC (pmol TEAC/ Overall impression 780+101° 7741197
a ghH? ghH? Acceptability index (%) 76.19 76.22
Extract  83.00 + 12.67 213.79 + 28.00 139.96 + 56.22 Buying intention 2.01+0.96 2 2.05 +1.022
BTC 43.15 + 2.04 ¢ 5.22 + 3.06 81.15 + 13.11 >© Definitely would buy (%) 33.00 34.00
BVC 46.77 + 2.62° 11.32 £233° 69.88 + 9.96 &4 Probably would buy (%) 43.00 38.00
BPE-2 46.95 +1.52° 11.32 £217° 78.02 + 13.71 >ed May or may not buy (%) 16.00 21.00
BPE-4 52.77 + 2.03 29.22 + 3.82 2 84.10 + 10.10 ° Probably would not buy (%) 6.00 3.00
BPE-6 55.02 + 2.56 2 30.87 £2.21°2 103.80 +13.322 Definitely would not buy (%) 2.00 4.00

@ Values expressed as triplicate mean + standard deviation. The same letter in
the column indicates that there is no significant difference between the means by
Tukey’s test (p-value <0.05). BTC: traditional control formulation; BVC: vegan
control formulation; BPE-2, BPE-4, and BPE-6: formulations with 2, 4 and 6%
replacement of wheat flour by phenolic extract, respectively.

BTC: traditional control formulation; BVC: vegan control formulation; BPE-2,
BPE-4, and BPE-6: formulations with 2, 4 and 6% replacement of wheat flour
by phenolic extract, respectively. Values expressed as mean =+ standard devia-
tion. The same letter in the line indicates that there is no significant difference
between the means by Tukey’s test (p-value <0.05).
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the same scores for the sensory parameters (appearance, aroma, flavor,
texture, and overall impression). The acceptability index was 76%,
meaning the participants liked the two brownies (Roberto Spehar and de
Barros Santos, 2002). Most panelists declared that they probably would
buy both formulations. However, in percentage terms, a greater pur-
chase intention was observed for the vegan control sample. The panelists
noted a darker color, milder aroma, bitter and astringent residual taste,
and greater intensity of the chocolate flavor in the BPE-4 sample. Ac-
cording to the literature, sensations of adstringency arising from the
interaction of polyphenols and salivary proteins may lead to the
perception of a residual taste in the mouth by panelists (Jakobek, 2015).
Panelists also commented that the BVC was the formulation most similar
to a traditional cake, as it was softer and had a less crispy crust. On the
other hand, BPE-4 had a more brownie-like texture: a drier, crispier
crust, and a moist interior. The two products were found to be heavy and
low aeration, probably related to the replacement of egg by mucilage
(Borneo et al., 2010), which is an advantage as it gives a similar texture
to a traditional brownie.

4. Conclusion

This study demonstrated the technological and sensory aspects of
using a phenolic extract of defatted chia flour in a bakery product. We
present the possibility of reusing a solid industry residue to obtain an
extract with ferulic acid (1.91 + 0.0065 mg g~!) and rosmarinic acid
(3.79 + 0.035 mg g~ 1). The brownies developed by replacing 2, 4, and
6% of the wheat flour with freeze-dried extract retained 70%, 89%, and
92% of the added ferulic acid and 60%, 75%, and 91% of the added
rosmarinic acid contents, respectively. Proximate composition analyses
demonstrated that replacing egg with chia seed mucilage decreased fat
and protein and increased fiber in vegan brownies. However, adding
phenolic extract, obtained from defatted chia flour, increased the fat
content of vegan brownies. Probably during the extraction of phenolic
compounds, a residual lipid fraction present in the chia flour was also
extracted. Moreover, the technological properties (firmness, specific
volume, symmetry, and uniformity) showed that the physical charac-
teristics of the brownies were not affected by the different formulations.
The 4% replacement brownie presented good acceptability (76%)
through sensory analysis. Thus, future studies could verify the
bioavailability and bioaccessibility of the ferulic acid and rosmarinic
acid contained in the brownies through simulated digestion analysis
combined with pre- and post-process quantification to study the effects
on the body. In summary, the developed brownies presented phenolic
and antioxidant compounds and good nutritional profile, lower lipids,
and higher fiber content than the brownie produced with eggs, sug-
gesting that this plant-based ingredient could replace animal ingredients
in food formulations.
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The participants gave informed consent via the statement "I am
aware that my responses are confidential, and I agree to participate in
this survey" where an affirmative reply was required to enter the survey.
They were able to withdraw from the survey at any time without giving
a reason. The products tested were safe for consumption.

This research aimed to develop a phenolic extract from defatted chia
flour (Salvia hispanica L.) to partially replace wheat flour and the egg
with chia seed mucilage in a vegan brownie. The extract was analyzed
for total phenolic concentration and profile, and antioxidant activity.
The brownies were analyzed for concentration and phenolic profile,
antioxidant activity, and physicochemical, technological, and sensory
properties. The study provided interesting results in the development of
a freeze-dried extract and its application in a bakery product, which
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achieved good acceptance in the sensory test and retained the com-
pounds contained in the extract (ferulic acid and rosmarinic acid) even
after the thermal process, showing advantages for the application and
development of a product with bioactive compounds and potential
functional properties in food. We believe that the results of the present
study can contribute to the development of clean-label foods and the
replacement of ingredients of animal origin with others of plant origin.

CRediT authorship contribution statement

Mariele Rodrigues Moreira: Formal analysis, Investigation, Visu-
alization, Writing — original draft. Vitor Lacerda Sanches: Methodol-
ogy, Supervision. Monique Martins Strieder: Formal analysis, Writing
—review & editing. Mauricio Ariel Rostagno: Methodology, Resources,
Funding acquisition, Supervision. Caroline Dario Capitani: Conceptu-
alization, Methodology, Funding acquisition, Project administration,
Supervision, Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgments

We thank the Fundacao de Desenvolvimento da UNICAMP (Fun-
camp) — [FAEPEX grants number #2575/20 and 2078/22] and the
Fundacao de Amparo a Pesquisa do Estado de Sao Paulo (FAPESP) —
[grants number 2021/12264-9, 2018/14582-5, 2019/13496-0], the
Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq)
[grant number 302610/2021-9] and the Coordenacao de Aperfeicoa-
mento de Pessoal de Nivel Superior - Brazil (CAPES) [Finance Code
001].

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijgfs.2023.100835.

References

AACC, 2010. Approved Methods of the AACC, tenth ed.

ABNT, 2016. Analise sensorial: Guia para conducao de testes hedonicos com
consumidores em ambientes controlados (No. 174. NBR ISO 11136:2016).

Ali, S.A., Saifi, M.A., Pulivendala, G., Godugu, C., Talla, V., 2021. Ferulic acid
ameliorates the progression of pulmonary fibrosis via inhibition of TGF-f/smad
signalling. Food Chem. Toxicol. 149, 111980 https://doi.org/10.1016/J.
FCT.2021.111980.

Anson, N.M., Aura, A.M., Selinheimo, E., Mattila, I., Poutanen, K., Van Den Berg, R.,
Havenaar, R., Bast, A., Haenen, G.R.M.M., 2011. Bioprocessing of wheat bran in
whole wheat bread increases the bioavailability of phenolic acids in men and exerts
antiinflammatory effects ex vivo. J. Nutr. 141 (1), 137-143. https://doi.org/
10.3945/JN.110.127720.

AOAC, 2005. Official Methods of Analyses of the Association of Analytical Chemists,
eighteenth ed. Association of Analytical Chemists.

AOAC, 2013. Official Method Total Antioxidant Activity Oxygen Radical Absorbance
Capacity (ORAC) Using Fluorescein as the Fluorescence Probe, 2012.23; 2012.

Aranibar, C., Aguirre, A., Borneo, R., 2019. Utilization of a by-product of chia oil
extraction as a potential source for value addition in wheat muffins. J. Food Sci.
Technol. 56 (9), 4189-4197. https://doi.org/10.1007/s13197-019-03889-1.

Ardiansyah, Ohsaki, Y., Shirakawa, H., Koseki, T., Komai, M., 2008. Novel effects of a
single administration of ferulic acid on the regulation of blood pressure and the
hepatic lipid metabolic profile in stroke-prone spontaneously hypertensive rats.

J. Agric. Food Chem. 56 (8), 2825-2830. https://doi.org/10.1021/JF072896Y.

Asadi, A., Shidfar, F., Safari, M., Malek, M., Hosseini, A.F., Rezazadeh, S., Rajab, A.,
Shidfar, S., Hosseini, S., 2018. Safety and efficacy of Melissa officinalis (lemon balm)
on ApoA-I, Apo B, lipid ratio and ICAM-1 in type 2 diabetes patients: a randomized,


https://doi.org/10.1016/j.ijgfs.2023.100835
https://doi.org/10.1016/j.ijgfs.2023.100835
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref1
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref2
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref2
https://doi.org/10.1016/J.FCT.2021.111980
https://doi.org/10.1016/J.FCT.2021.111980
https://doi.org/10.3945/JN.110.127720
https://doi.org/10.3945/JN.110.127720
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref5
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref5
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref6
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref6
https://doi.org/10.1007/s13197-019-03889-1
https://doi.org/10.1021/JF072896Y

M.R. Moreira et al.

double-blinded clinical trial. Compl. Ther. Med. 40, 83-88. https://doi.org/
10.1016/J.CTIM.2018.07.015.

Atanackovié¢, M., Petrovi¢, A., Jovié, S., Bukarica, L.G., Bursaé, M., Cvejié, J., 2012.
Influence of winemaking techniques on the resveratrol content, total phenolic
content and antioxidant potential of red wines. Food Chem. 131 (2), 513-518.
https://doi.org/10.1016/j.foodchem.2011.09.015.

Bennion, E.B., Bamford, G.S.T., 1997. In: The Technology of Cake Making - E.B. Bennion,
G.S.T. Bamford - Google Livros, sixth ed. Blackie.

Benzie, L.F.F., Strain, J.J., 1996. The ferric reducing ability of plasma (FRAP) as a
measure of ““Antioxidant power™’: the FRAP assay. Anal. Biochem. 70-76. https://
doi.org/10.1039/C6AY01739H.

Borneo, R., Aguirre, A., Leén, A.E., 2010. Chia (Salvia hispanica L) gel can Be used as egg
or oil replacer in cake formulations. J. Am. Diet Assoc. 110 (6), 946-949. https://
doi.org/10.1016/J.JADA.2010.03.011.

Brasil, M., da S, 2017. In: Resolucao da diretoria colegiada -RDC n° 150, de 13 de abril de
2017. http://antigo.anvisa.gov.br/documents/10181,/2718376/RDC_150_2017_.
pdf/a873d3b9-3e93-49f3-b6c5-0f45aefcd348#: ~:text=1%C2%BA%20Esta%20Res
0lu%C3%A7%C3%A30%20estabelece%200s,milho%20destinadas%20a0%20cons
umo%20humano.

Brasil, M., da S, 2019. In: Instrucao normativa n° 60, de 23 de dezembro de 2019.
Agéncia Nacional de Vigilancia Sanitdria [ANVISA]. https://www.in.gov.br/en
/web/dou/-/instrucao-normativa-n-60-de-23-de-dezembro-de-2019-235332356.

Brglez Mojzer, E., Knez Hrnéi¢, M., Skerget, M., Knez, Z., Bren, U., 2016. Polyphenols:
extraction methods, antioxidative action, bioavailability and anticarcinogenic
effects. Molecules 21 (7), 901. https://doi.org/10.3390/MOLECULES21070901,
2016, Vol. 21, Page 901.

Brigante, F.I, Lucini Mas, A., Pigni, N.B., Wunderlin, D.A., Baroni, M.V., 2020. Targeted
metabolomics to assess the authenticity of bakery products containing chia, sesame
and flax seeds. Food Chem. 312 https://doi.org/10.1016/j.foodchem.2019.126059.

Bruins, M.J., Dael, P. Van, Eggersdorfer, M., 2019. The role of nutrients in reducing the
risk for noncommunicable diseases during aging. Nutrients 11 (1). https://doi.org/
10.3390/nul1010085. MDPI AG.

Chen, Y., Ma, K., 2019. NLRC4 inflammasome activation regulated by TNF-o promotes
inflammatory responses in nonalcoholic fatty liver disease. Biochem. Biophys. Res.
Commun. 511 (3), 524-530. https://doi.org/10.1016/J.BBRC.2019.02.099.

Choi, R., Kim, B.H., Naowaboot, J., Lee, M.Y., Hyun, M.R., Cho, E.J., Lee, E.S., Lee, E.Y.,
Yang, Y.C., Chung, C.H., 2011. Effects of ferulic acid on diabetic nephropathy in a rat
model of type 2 diabetes. Exp. Mol. Med. 43 (12), 676-683. https://doi.org/
10.3858/emm.2011.43.12.078, 2011 43:12.

Ciftci, O.N., Przybylski, R., Rudzinska, M., 2012. Lipid components of flax, perilla, and
chia seeds. Eur. J. Lipid Sci. Technol. 114 (7), 794-800. https://doi.org/10.1002/
EJLT.201100207.

Cinar, Z.0., Atanassova, M., Tumer, T.B., Caruso, G., Antika, G., Sharma, S., Sharifi-
Rad, J., Pezzani, R., 2021. Cocoa and cocoa bean shells role in human health: an
updated review. In: Journal of Food Composition and Analysis. Academic Press Inc.
https://doi.org/10.1016/j.jfca.2021.104115 vol. 103.

Coorey, R., Tjoe, A., Jayasena, V., 2014. Gelling properties of chia seed and flour. J. Food
Sci. 79 (5), E859-E866. https://doi.org/10.1111/1750-3841.12444.

Falco, B. de, Amato, M., Lanzotti, V., 2017. Chia seeds products: an overview.
Phytochemistry Rev. 16 (4), 745-760. https://doi.org/10.1007/s11101-017-9511-7.

Fazli, D., Malekirad, A.A., Pilevarian, A.A., Salehi, H., Zerratpishe, A., Rahzaniand, K.,
Abdollahi, M., 2012. Effects of melissa officinalis 1. on oxidative status and
biochemical parameters in occupationally exposed workers to aluminum: a before
after clinical trial. Int. J. Pharmacol. 8 (5), 455-458. https://doi.org/10.3923/
1JP.2012.455.458.

Felisberto, M.H.F., Wahanik, A.L., Gomes-Ruffi, C.R., Clerici, M.T.P.S., Chang, Y.K.,
Steel, C.J., 2015. Use of chia (Salvia hispanica L.) mucilage gel to reduce fat in pound
cakes. LWT - Food Sci. Technol. (Lebensmittel-Wissenschaft -Technol.) 63 (2),
1049-1055. https://doi.org/10.1016/j.1wt.2015.03.114.

Fernandes, S.S., Salas-Mellado, M. de las M., 2017. Addition of chia seed mucilage for
reduction of fat content in bread and cakes. Food Chem. 227, 237-244. https://doi.
0rg/10.1016/j.foodchem.2017.01.075.

Fernandez-Lopez, J., Lucas-Gonzalez, R., Viuda-Martos, M., Sayas-Barbera, E., Pérez-
Alvarez, J.A., 2018. Chia oil extraction coproduct as a potential new ingredient for
the food industry: chemical, physicochemical, techno-functional and antioxidant
properties. Plant Foods Hum. Nutr. 73 (2), 130-136. https://doi.org/10.1007/
s11130-018-0670-5.

Fontana, A.J., 2000. Water activity’s role in food safety and quality. In: Second NSF
International Conference on Food Safety. October. https://www.food-safety.co
m/articles/4420-water-activitye28099s-role-in-food-safety-and-quality.

Gallo, L.R. dos R., Botelho, R.B.A., Ginani, V.C., Oliveira, L. de L. de, Riquette, R.F.R.,
Leandro, E. dos S., 2020. Chia (Salvia hispanica L .) gel as egg replacer in chocolate
cakes: applicability and microbial and sensory qualities after storage. J. Culin. Sci.
Technol. 18 (1), 29-39. https://doi.org/10.1080/15428052.2018.1502111.

Gil, M., Uribe, D., Gallego, V., Bedoya, C., Arango-Varela, S., 2021. Traceability of
polyphenols in cocoa during the postharvest and industrialization processes and
their biological antioxidant potential. Heliyon 7 (8), e07738. https://doi.org/
10.1016/j.heliyon.2021.e07738.

Guindani, C., Podestd, R., Block, J.M., Rossi, M.J., Mezzomo, N., Ferreira, S.R.S., 2016.
Valorization of chia (Salvia hispanica) seed cake by means of supercritical fluid
extraction. J. Supercrit. Fluids 112, 67-75. https://doi.org/10.1016/j.
supflu.2016.02.010.

Ho, H., Lee, A.S., Jovanovski, E., Jenkins, A.L., Desouza, R., Vuksan, V., 2013. Effect of
whole and ground Salba seeds (Salvia Hispanica L.) on postprandial glycemia in
healthy volunteers: a randomized controlled, dose-response trial. Eur. J. Clin. Nutr.
67 (7), 786-788. https://doi.org/10.1038/ejcn.2013.103, 2013 67:7.

10

International Journal of Gastronomy and Food Science 34 (2023) 100835

Hong, Q., Ma, Z.C., Huang, H., Wang, Y.G., Tan, H.L., Xiao, C.R., Liang, Q. de, Zhang, H.
T., Gao, Y., 2016. Antithrombotic activities of ferulic acid via intracellular cyclic
nucleotide signaling. Eur. J. Pharmacol. 777, 1-8. https://doi.org/10.1016/J.
EJPHAR.2016.01.005.

Ibarz, A., Barbosa-Canovas, G.v., 2002. Unit operations in food engineering. In: Revista
Brasileira de Ciencias Farmaceuticas (Issue 4. CRC Press.

Jakobek, L., 2015. Interactions of polyphenols with carbohydrates, lipids and proteins.
In: Food Chemistry. Elsevier Ltd, pp. 556-567. https://doi.org/10.1016/j.
foodchem.2014.12.013 vol. 175.

Javid, A.Z., Haybar, H., Dehghan, P., Haghighizadeh, M.H., Mohaghegh, S.M.,
Ravanbakhsh, M., Mohammadzadeh, A., 2018. The effects of Melissa officinalis
(lemon balm) in chronic stable angina on serum biomarkers of oxidative stress,
inflammation and lipid profile. Asia Pac. J. Clin. Nutr. 27 (4), 785-791. https://doi.
org/10.6133/APJCN.022018.01.

Killeit, U., 2019. The chemical composition and nutritional value of chia seeds — current
state of knowledge. Dtsch. Lebensm.-Rundsch. 115 (9), 1-16.

Lira, M.M., Oliveira Filho, J. G. de, Sousa, T. L. de, Costa, N. M. da, Lemes, A.C.,
Fernandes, S.S., Egea, M.B., 2023. Selected plants producing mucilage: overview,
composition, and their potential as functional ingredients in the development of
plant-based foods. Food Res. Int. 169, 112822 https://doi.org/10.1016/J.
FOODRES.2023.112822.

Liu, Y.M., Shen, J.D., Xu, L.P., Li, H.B,, Li, Y.C., Yi, L.T., 2017. Ferulic acid inhibits neuro-
inflammation in mice exposed to chronic unpredictable mild stress. Int.
Immunopharm. 45, 128-134. https://doi.org/10.1016/J.INTIMP.2017.02.007.

Marchev, A.S., Vasileva, L.v., Amirova, K.M., Savova, M.S., Koycheva, LK., Balcheva-
Sivenova, Z.P., Vasileva, S.M., Georgiev, M.1., 2021. Rosmarinic acid - from bench to
valuable applications in food industry. In: Trends in Food Science and Technology.
Elsevier Ltd, pp. 182-193. https://doi.org/10.1016/j.tifs.2021.03.015 vol. 117.

Martin, M.A., Ramos, S., 2021. Impact of cocoa flavanols on human health. In: Food and
Chemical Toxicology. Elsevier Ltd. https://doi.org/10.1016/j.fct.2021.112121 vol.
151.

Martinez-Cruz, O., Paredes-L6pez, O., 2014. Phytochemical profile and nutraceutical
potential of chia seeds (Salvia hispanica L.) by ultra high performance liquid
chromatography. J. Chromatogr. A 1346, 43-48. https://doi.org/10.1016/j.
chroma.2014.04.007.

Mas, A.L., Brigante, F.I., Salvucci, E., Pigni, N.B., Martinez, M.L., Ribotta, P.,
Wunderlin, D.A., Baroni, M.V., 2020. Defatted chia flour as functional ingredient in
sweet cookies. How do Processing, simulated gastrointestinal digestion and colonic
fermentation affect its antioxidant properties? Food Chem. 316 https://doi.org/
10.1016/j.foodchem.2020.126279. August 2019.

Melo, B. G. de, Fernandes, S.S., Razo, A.D., Medina, U.U., Campos, M.R.S., 2022. Chia
seeds as functional ingredient of healthy muffins. J. Food Meas. Char. https://doi.
org/10.1007/511694-022-01503-1.

Menezes, C.C., Borges, S.V., Cirillo, M.A., Ferrua, F.Q., Oliveira, L.F., Mesquita, K.S.,
2009. Caracterizacao fisica e fisico-quimica de diferentes formulacoes de doce de
goiaba (Psidium guajava L.) da cultivar Pedro Sato. Food Sci. Technol. 29 (3),
618-625. https://doi.org/10.1590/50101-20612009000300025.

Mesias, M., Holgado, F., Marquez-Ruiz, G., Morales, F.J., 2016. Risk/benefit
considerations of a new formulation of wheat-based biscuit supplemented with
different amounts of chia flour. LWT - Food Sci. Technol. (Lebensmittel-Wissenschaft
-Technol.) 73, 528-535. https://doi.org/10.1016/j.1wt.2016.06.056.

Milberg, A.J., 2014. Cozinheiro Professional/Alejandro Javier Milberg Y Brenda Vanessa
Zicarelli, vol. 1. GABA, 2 ed. lar.

Munoz, L.A., Cobos, A., Diaz, O., Aguilera, J.M., 2012. Chia seeds: microstructure,
mucilage extraction and hydration. J. Food Eng. 108 (1), 216-224. https://doi.org/
10.1016/j.jfoodeng.2011.06.037.

Neto-Neves, E.M., da Silva Maia Bezerra Filho, C., Dejani, N.N., de Sousa, D.P., 2021.
Ferulic acid and cardiovascular health: therapeutic and preventive potential. Mini-
Rev. Med. Chem. 21 (13), 1625-1637. https://doi.org/10.2174/
1389557521666210105122841.

Noce, A., Romani, A., Bernini, R., 2021. Dietary intake and chronic disease prevention.
Nutrients 13 (4). https://doi.org/10.3390/nu13041358. MDPI AG.

Oliveira-Alves, S.C., Vendramini-Costa, D.B., Betim Cazarin, C.B., Marodstica Janior, M.
R., Borges Ferreira, J.P., Silva, A.B., Prado, M.A., Bronze, M.R., 2017.
Characterization of phenolic compounds in chia (Salvia hispanica L.) seeds, fiber
flour and oil. Food Chem. 232, 295-305. https://doi.org/10.1016/j.
foodchem.2017.04.002.

Oliveira Filho, J. G. de, Lira, M.M., Sousa, T. L. de, Campos, S.B., Lemes, A.C., Egea, M.B.,
2021. Plant-based mucilage with healing and anti-inflammatory actions for topical
application: a review. Food Hydrocolloids for Health 1, 100012. https://doi.org/
10.1016/J.FHFH.2021.100012.

Pinto, L.C., Rebellato, A.P., Steel, C.J., 2023. Technological and sensory evaluation of
pound cakes with reduced sugar and fat substituted by hydrated chia (Salvia
hispanica L.). Cereal Chem. 100 (2), 333-345. https://doi.org/10.1002/
CCHE.10611.

Punzi, R., Paradiso, A., Fasciano, C., Trani, A., Faccia, M., de Pinto, M.C.,

Gambacorta, G., 2014. Phenols and antioxidant activity in vitro and in vivo of
aqueous extracts obtained by ultrasound-assisted extraction from artichoke by-
products. Nat. Prod. Commun. 9 (9), 1934578X1400900 https://doi.org/10.1177/
1934578X1400900924.

Rahman, M.J., Camargo, A. C. de, Shahidi, F., 2017. Phenolic and polyphenolic profiles
of chia seeds and their in vitro biological activities. J. Funct.Foods 35, 622-634.
https://doi.org/10.1016/j.jff.2017.06.044.

Roberto Spehar, C., de Barros Santos, R.L., 2002. Quinoa BRS Piabiru: alternativa para
diversificar os sistemas de producao de graos. Pesqui. Agropecudria Bras. 37 (6),
809-893. https://doi.org/10.1590/50100-204X2002000600020.


https://doi.org/10.1016/J.CTIM.2018.07.015
https://doi.org/10.1016/J.CTIM.2018.07.015
https://doi.org/10.1016/j.foodchem.2011.09.015
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref11
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref11
https://doi.org/10.1039/C6AY01739H
https://doi.org/10.1039/C6AY01739H
https://doi.org/10.1016/J.JADA.2010.03.011
https://doi.org/10.1016/J.JADA.2010.03.011
http://antigo.anvisa.gov.br/documents/10181/2718376/RDC_150_2017_.pdf/a873d3b9-3e93-49f3-b6c5-0f45aefcd348#:~:text=1%C2%BA%20Esta%20Resolu%C3%A7%C3%A3o%20estabelece%20os,milho%20destinadas%20ao%20consumo%20humano
http://antigo.anvisa.gov.br/documents/10181/2718376/RDC_150_2017_.pdf/a873d3b9-3e93-49f3-b6c5-0f45aefcd348#:~:text=1%C2%BA%20Esta%20Resolu%C3%A7%C3%A3o%20estabelece%20os,milho%20destinadas%20ao%20consumo%20humano
http://antigo.anvisa.gov.br/documents/10181/2718376/RDC_150_2017_.pdf/a873d3b9-3e93-49f3-b6c5-0f45aefcd348#:~:text=1%C2%BA%20Esta%20Resolu%C3%A7%C3%A3o%20estabelece%20os,milho%20destinadas%20ao%20consumo%20humano
http://antigo.anvisa.gov.br/documents/10181/2718376/RDC_150_2017_.pdf/a873d3b9-3e93-49f3-b6c5-0f45aefcd348#:~:text=1%C2%BA%20Esta%20Resolu%C3%A7%C3%A3o%20estabelece%20os,milho%20destinadas%20ao%20consumo%20humano
https://www.in.gov.br/en/web/dou/-/instrucao-normativa-n-60-de-23-de-dezembro-de-2019-235332356
https://www.in.gov.br/en/web/dou/-/instrucao-normativa-n-60-de-23-de-dezembro-de-2019-235332356
https://doi.org/10.3390/MOLECULES21070901
https://doi.org/10.1016/j.foodchem.2019.126059
https://doi.org/10.3390/nu11010085
https://doi.org/10.3390/nu11010085
https://doi.org/10.1016/J.BBRC.2019.02.099
https://doi.org/10.3858/emm.2011.43.12.078
https://doi.org/10.3858/emm.2011.43.12.078
https://doi.org/10.1002/EJLT.201100207
https://doi.org/10.1002/EJLT.201100207
https://doi.org/10.1016/j.jfca.2021.104115
https://doi.org/10.1111/1750-3841.12444
https://doi.org/10.1007/s11101-017-9511-7
https://doi.org/10.3923/IJP.2012.455.458
https://doi.org/10.3923/IJP.2012.455.458
https://doi.org/10.1016/j.lwt.2015.03.114
https://doi.org/10.1016/j.foodchem.2017.01.075
https://doi.org/10.1016/j.foodchem.2017.01.075
https://doi.org/10.1007/s11130-018-0670-5
https://doi.org/10.1007/s11130-018-0670-5
https://www.food-safety.com/articles/4420-water-activitye28099s-role-in-food-safety-and-quality
https://www.food-safety.com/articles/4420-water-activitye28099s-role-in-food-safety-and-quality
https://doi.org/10.1080/15428052.2018.1502111
https://doi.org/10.1016/j.heliyon.2021.e07738
https://doi.org/10.1016/j.heliyon.2021.e07738
https://doi.org/10.1016/j.supflu.2016.02.010
https://doi.org/10.1016/j.supflu.2016.02.010
https://doi.org/10.1038/ejcn.2013.103
https://doi.org/10.1016/J.EJPHAR.2016.01.005
https://doi.org/10.1016/J.EJPHAR.2016.01.005
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref35
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref35
https://doi.org/10.1016/j.foodchem.2014.12.013
https://doi.org/10.1016/j.foodchem.2014.12.013
https://doi.org/10.6133/APJCN.022018.01
https://doi.org/10.6133/APJCN.022018.01
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref38
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref38
https://doi.org/10.1016/J.FOODRES.2023.112822
https://doi.org/10.1016/J.FOODRES.2023.112822
https://doi.org/10.1016/J.INTIMP.2017.02.007
https://doi.org/10.1016/j.tifs.2021.03.015
https://doi.org/10.1016/j.fct.2021.112121
https://doi.org/10.1016/j.chroma.2014.04.007
https://doi.org/10.1016/j.chroma.2014.04.007
https://doi.org/10.1016/j.foodchem.2020.126279
https://doi.org/10.1016/j.foodchem.2020.126279
https://doi.org/10.1007/s11694-022-01503-1
https://doi.org/10.1007/s11694-022-01503-1
https://doi.org/10.1590/S0101-20612009000300025
https://doi.org/10.1016/j.lwt.2016.06.056
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref48
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref48
https://doi.org/10.1016/j.jfoodeng.2011.06.037
https://doi.org/10.1016/j.jfoodeng.2011.06.037
https://doi.org/10.2174/1389557521666210105122841
https://doi.org/10.2174/1389557521666210105122841
https://doi.org/10.3390/nu13041358
https://doi.org/10.1016/j.foodchem.2017.04.002
https://doi.org/10.1016/j.foodchem.2017.04.002
https://doi.org/10.1016/J.FHFH.2021.100012
https://doi.org/10.1016/J.FHFH.2021.100012
https://doi.org/10.1002/CCHE.10611
https://doi.org/10.1002/CCHE.10611
https://doi.org/10.1177/1934578X1400900924
https://doi.org/10.1177/1934578X1400900924
https://doi.org/10.1016/j.jff.2017.06.044
https://doi.org/10.1590/S0100-204X2002000600020

M.R. Moreira et al.

Robertson, A.R., 1977. The CIE 1976 color-difference formulae. Color Res. Appl. 2 (1),
7-11. https://doi.org/10.1002/j.1520-6378.1977.tb00104.x.

Segura-Campos, M.R., Salazar-Vega, .M., Chel-Guerrero, L.A., Betancur-Ancona, D.A.,
2013. Biological potential of chia (Salvia hispanica L.) protein hydrolysates and their
incorporation into functional foods. LWT - Food Sci. Technol. (Lebensmittel-
Wissenschaft -Technol.) 50 (2), 723-731. https://doi.org/10.1016/J.
LWT.2012.07.017.

Sik, B., Kapcsandi, V., Székelyhidi, R., Hanczné, E.L., Ajtony, Z., 2019. In: Recent
Advances in the Analysis of Rosmarinic Acid from Herbs in the Lamiaceae Family.
https://doi.org/10.1177/1934578X19864216.

Silva, B. P. da, Dias, D.M., Moreira, M.E. de C., Toledo, R.C.L., Matta, S.L.P., Lucia, da,
Della, C.M., Martino, H.S.D., Pinheiro-Sant’Ana, H.M., 2016. Chia seed shows good
protein quality, hypoglycemic effect and improves the lipid profile and liver and
intestinal morphology of wistar rats. Plant Foods Hum. Nutr. 71 (3), 225-230.
https://doi.org/10.1007/511130-016-0543-8.

11

International Journal of Gastronomy and Food Science 34 (2023) 100835

Silva, N. da S., Junqueira, V.C.A,, Silveira, N.F. de A., Taniwaki, M.H., Gomes, R.A.R.,
Okazaki, M.M., 2017. Métodos de analise microbiolégica de alimentos e dgua, fourth
ed. Editora Blucher.

Singleton, V.L., Orthofer, R., Lamuela-Raventés, R.M., 1999. [14] Analysis of total
phenols and other oxidation substrates and antioxidants by means of folin-ciocalteu
reagent. In: Methods in Enzymology. Academic Press Inc, pp. 152-178. https://doi.
0rg/10.1016/50076-6879(99)99017-1 vol. 299.

Slywitch, E., 2022. GUIA-DE-NUTRICAO-VEGANA-PARA-ADULTOS-DA-IVU. In:
Departamento de Medicina e NUtricao (IVU).

Suzuki, A., Kagawa, D., Fujii, A., Ochiai, R., Tokimitsu, I., Saito, I., 2002. Short- and long-
term effects of ferulic acid on blood pressure in spontaneously hypertensive rats. Am.
J. Hypertens. 15 (4), 351-357. https://doi.org/10.1016/50895-7061(01)02337-8.

Watt, B.K., Merril, A.L., 1963. Composition of foods: raw, processed, prepared. In: eighth
ed.Pecot, R.K., Adams, C.F., Orr, M.L., Miller, D.F. (Eds.), United States Departament
of Agriculture https://books.google.com

Zettel, V., Hitzmann, B., 2018. Applications of chia (Salvia hispanica L.) in food products.
Trends Food Sci. Technol. 80, 43-50. https://doi.org/10.1016/].tifs.2018.07.011.


https://doi.org/10.1002/j.1520-6378.1977.tb00104.x
https://doi.org/10.1016/J.LWT.2012.07.017
https://doi.org/10.1016/J.LWT.2012.07.017
https://doi.org/10.1177/1934578X19864216
https://doi.org/10.1007/S11130-016-0543-8
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref63
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref63
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref63
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref65
http://refhub.elsevier.com/S1878-450X(23)00177-4/sref65
https://doi.org/10.1016/S0895-7061(01)02337-8
https://books.google.com
https://doi.org/10.1016/j.tifs.2018.07.011

