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1  |  INTRODUC TION

The modern consumer has been pushing for foods with healthier and 
cleaner labels, driving the search for novel natural sources of ingredi-
ents/compounds able to compete with the synthetic food additives.

Color is one of the most impactful characteristics of foods and 
can play the deciding card on the moment of the choice to purchase 

and eat, because color sends important cues about the expected 
flavor/taste and safety of the products (Spence,  2015). Colorants 
are used to give, enhance, intensify, and standardize the coloring 
of foods (Amchova et  al.,  2015; Ngamwonglumlert et  al.,  2017). 
Nevertheless, the possible association of health hazards with 
the use of synthetic dyes has tarnished their reputation and led 
to the need to find natural alternatives (Dey & Nagababu,  2022; 
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Abstract
Modern consumers demand the replacement of synthetic colorants with natural al-
ternatives. Microalgae can serve as an alternative source for these colorants since 
they hold significant amounts of pigments. This study aimed to evaluate the potential 
of using microalgae biomass and extracts as natural colorants for pastry and confec-
tionary products. The application of different biomass and levels of Chlorella vulgaris 
(White, Honey, and a mixture of both) was evaluated in brioche-type breads as egg 
substitute to confer the typical yellow coloration to the product. A mixture of 1% 
Chlorella vulgaris (White: Honey [1:1]) showed potential as egg substitute, having mini-
mal impact on the physical–chemical, microbiological, nutritional, and sensory char-
acteristics of the products. Hydroalcoholic Tetraselmis chuii extracts were applied in 
fondant at a concentration of 0.05%, providing a green coloration with minimal impact 
on the quality of the product. This study supported the potential of using microalgae, 
biomass, and extracts, as alternative natural colorants in pastry and confectionary 
products.
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Ngamwonglumlert et  al.,  2017). However, natural colorants are 
still not able to match the low cost, availability, and stability of the 
existing synthetic colorants (Dey & Nagababu,  2022; Sigurdson 
et al., 2017). These natural alternatives are known to be more sus-
ceptible than their synthetic counterparts to degradation through 
various natural conditions such as light, temperature, oxygen, and 
pH (Ngamwonglumlert et al., 2017; Sigurdson et al., 2017). The mar-
ket value of food colorants was USD 3.13 billion in 2023 and from 
those 43% was revenue from natural food colorants (Grand View 
Research, 2024).

On the other hand, current diet trends and allergenicity is-
sues are calling for egg-reduced or egg-free alternatives (Yazici 
& Ozer,  2021). The “egg replacers” market has been valued by 
Market Data Forecast (2024) at around USD 1.57 billion being es-
timated to increase 6% annually reaching USD 210 billion in 2029. 
Nevertheless, replacing eggs in bakery products presents some 
challenges since they play important roles in the cake dough. 
Hedayati et al. (2022) reviewed the role of eggs in cakes as well as 
the effects of using alternative emulsifiers, hydrocolloids, proteins, 
legumes, seeds, and fruit pulp and pomace on the batter and cake 
quality. Eggs, yolk and white, contribute to the formation and sta-
bilization of foam, act as emulsifiers, and contribute to the break-
down of fat particles and to the tension at the oil–water interface 
(Hedayati et al., 2022; Wilderjans et al., 2013). Eggs also play a role 
in providing color, flavor, in leavening, volume, texture, and nutri-
tional value, among others (Hedayati et al., 2022; Peris et al., 2019).

Microalgae have been used as natural supplements and food 
colorants (Schüler et al., 2020). Their rich nutritional composition is 
the main reason for the widespread commercialization of microal-
gae, such as Chlorella vulgaris and Arthrospira platensis (Spirulina), 
as dietary supplements. More recently, Tetraselmis chuii has been 
added to the restricted group of approved microalgae to be used in 
food products (Regulation (EU) 2017/2470, 2017). In terms of color, 
microalgae present a great deal of pigments that can serve as nat-
ural colorants such as chlorophyll, carotenoids (β-carotene and as-
taxanthin), and phycobiliproteins (phycoerythrin and phycocyanin) 
(Luzardo-Ocampo et al., 2021).

The use of the whole biomass presents the advantage of not only 
providing coloration but also enriching the food with the nutrients 
available in the microalgae. However, the characteristic algae taste 
provided by these ingredients can be a major drawback in the com-
mercialization of such products. The distinct flavor of microalgae has 
been previously associated with not only their chlorophyll content 
but also the presence of some volatile compounds such as linear 
aldehydes, terpenes/isoprenoids, and sulfuric compounds (Schüler 
et al., 2020; van Durme et al., 2013). Thus, major efforts have been 
made to reduce the taste of microalgae with the development of 
microalgae with reduced chlorophyll content such as Chlorella vul-
garis Smooth, White, and Honey (Allma, 2021; Pereira et al., 2024; 
Schüler et al., 2020). A consumer study on microalgae-based bread 
and beer has shown that environmentally conscious and innovative 
consumers are more willing to pay for these products (Maehle & 
Skjeret, 2022).

Considering this, the main objective of this study was to evalu-
ate the application of Chlorella vulgaris (White and Honey) biomass 
and Tetraselmis chuii extracts as natural colorants in representative 
confectionary products, namely Brioche and Fondant. In brioche, 
it is intended to replace the eggs and provide the color with the 
addition of microalgae biomass while in fondant, the color is to be 
provided by microalgae extracts as replacement of synthetic colo-
rants. Moreover, the effect of adding microalgae on physical–chem-
ical properties, nutritional value, and microbial stability was also 
evaluated.

2  |  MATERIAL S AND METHODS

2.1  |  Microalgae

Chlorella vulgaris biomass in the colors yellow (C. vulgaris Honey) and 
white (C. vulgaris White) (Allma, 2021) and T. chuii were kindly pro-
vided by Allma from Allmicroalgae (Lisbon, Portugal).

2.2  |  Materials

The bakery ingredients were purchased from a local market.
The following reagents were used in this study: Chloroform 

(99.2%, VWR, Fontenay sous Bois, France), methanol (99.9%, Carlo 
Erba, Val-de-Reuil, France), n-hexane (95.0%, Carlo Erba), sodium 
sulfate anhydrous (≥ 99.0%, Honeywell, Seelze, Germany), sulfuric 
acid (95.0–97.0%, Honeywell), sodium chloride (99.9%, Biochem, 
Cosne-Cours-sur-Loire, France), and ethanol (99.5%, Aga, Prior 
Velho, Lisbon, Portugal).

2.3  |  Preparation of the extracts

Tetraselmis chuii extracts were obtained using the procedure 
described by Kulkarni and Nikolov  (2018) for the extraction of 
chlorophyll from C. vulgaris, with some modifications. Dried T. 
chuii biomass (1 g) was stirred with 20 mL of ethanol 80% v/v at 
room temperature for 30 min. Then, the solution was centrifuged 
(Eppendorf Centrifuge 5810R, Enfield, CT, USA) at 7500g (10 min, 
4°C), and the supernatant was separated and stored. The pellet 
was subjected to a second extraction, following the same extrac-
tion procedure. After the second centrifugation, the resulting 
supernatants were pooled and filtered through a Whatman filter 
(0.45 μm) to ensure the removal of any residual biomass particles. 
Supernatants were subjected to spectrophotometric readings at 
470, 649, and 664 nm before solvent removal through rotary evap-
oration. To ensure complete solvent removal, the extracts were 
frozen at −80°C and subsequently dried and in a CoolSafe 55–4 
(Labogene, Allerød, Denmark). The dried extracts were stored at 
−20°C in sealed falcon tubes covered with parafilm until further 
antioxidant analysis and application.
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Equations (1–3) were used to calculate the concentration of chlo-
rophyll and carotenoids present in the supernatants.

The pigment results are presented as mg/g. The extraction yield 
was also calculated (Equation 4) and expressed as %.

2.4  |  Preparation of the pastry products

2.4.1  |  Brioche-type bread

The brioche-type breads, control and eggless brioche, were produced 
with the ingredients described in Table 1. Three different levels of 
microalgae incorporation were tested in brioche at a concentration 
of 1% of weight of microalgae/weight of brioche (1% of C. vulgaris 
White, 1% of C. vulgaris Honey, and 1% of a mixture of C. vulgaris 
Honey:C. vulgaris White [1:1]). This percentage was defined in prelim-
inary studies that evaluated the amount of algae that could be added 
without affecting the product's characteristics (data not shown).

The ingredients (yeast, flour, sugar, salt, and eggs) were mixed 
in a food processor (Bimby, Vorwerk, Carnaxide, Portugal) at room 
temperature using a low speed (1) for 5 min, followed by 10 min at 

2.5 speed. In the eggless brioche, the eggs were replaced by water 
and microalgae. Afterward, melted butter and milk were added, and 
the dough kneaded for an additional 10 min, until the dough came 
away from the sides of the bowl. The dough was transferred to a 
slightly greased and lightly floured tray and left to leaven for 1.5 h 
covered with a cloth. The brioche was baked at 180°C (controlled 
with an oven thermometer) for 19 min turning the overhead heat in 
the last 3 min until the surface acquired a golden-brown coloration. 
The baked brioche was left to cool on a wire rack for 90 min.

After cooling, the samples were weighed, measured, and sliced 
for analysis of pH, aw, color, moisture, and texture. A portion of the 
samples was freeze-dried and stored in closed plastic bags at −20°C 
until subsequent nutritional analysis.

Three independent batches were produced on the same day.

2.4.2  |  Fondant

The ingredients used in the production of the fondant, with and with-
out T. chuii extracts, are shown in Table 2. Various percentages of the 
extracts were tested until reaching a level of extract that provided 
color with minimum algae flavor in the product (data not shown). The 
percentage was set at 0.05% (weight of extract/weight of fondant).

The fondant was prepared using powdered sugar, unflavored gel-
atine (Vahiné, Sabadell, Spain), water, and corn syrup (Cem porcento, 
Samora Correia, Portugal). The extract was first dissolved in ethanol 
99.5% v/v (5 mL) and added to a fraction of the powdered sugar. The 
sugar was incubated overnight in an air oven (Memmert, Schwabach, 
Germany) at 25°C (50% ventilation) until the ethanol had completely 
evaporated, and then macerated with a mortar and pestle. Gelatine 
was dissolved in water and heated at 60°C in a water bath. Once dis-
solved, the gelatine was mixed with the corn syrup and lemon juice. 
The colored powdered sugar was placed in a food processor (Bimby) 
and mixed with the solution at speed 3 until a smooth and malleable 
structure was achieved (<30 s). Maize starch was used to aid in the 
molding process.

For color and texture analysis, circles with 6 cm of diameter 
and 0.5 cm of thickness were prepared. The remaining fondant was 
stored in sealed bags at 4°C until further analysis.

(1)Chlorophylla (μg∕mL) =
(

13.36 × A664

)

−
(

5.19 × A649

)

(2)Chlorophyllb (μg∕mL) =
(

27.43 × A649

)

−
(

8.12 × A664

)

(3)
Total carotenoids (μg∕mL)

=

(

1000×A470−2.13×Chlorophyll a−97.64×Chlorophyll b
)

209

(4)Extraction yield (%) =
Dried extract

Initial sample
× 100

TA B L E  1  Representation of the ingredients used in the 
production of the brioches with (eggless brioche) and without egg 
substitution (Control).

Ingredients Control (g)
Eggless brioche 
(g)

Wheat flour 180.00 180.00

Baker's yeast 3.00 3.00

Salt 0.25 0.25

Sugar 20.00 20.00

Half-skimmed Milk 30.00 30.00

Margarine 50.00 50.00

Whole egg 58.00 –

C. vulgaris Whitea – 1.60

C. vulgaris Honeya – 1.60

Waterb – 35.00

Total 341.3 321.5

aIn the eggless brioche with 1% C. vulgaris White or 1% C. vulgaris 
Honey, 3.2 g of the algae was added.
bThe amount of water used in the eggless brioche was the equivalent 
to the contribution of the egg whites (~ 60%; Hedayati et al., 2022; 
Wilderjans et al., 2013).

TA B L E  2  Ingredients used in the fondant with and without the T. 
chuii extract.

Ingredients Control (g)
Fondant with 
extract (g)

Powdered sugar 78.2 78.2

Corn syrup 7.8 7.8

Gelatine 2.1 2.1

Water 10.4 10.4

Lemon juice 1.5 1.5

Tetraselmis chuii extract – 0.05

Total 100.0 100.0
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For each recipe (control fondant and fondant with extract), three 
independent replicates were prepared on the same day.

2.5  |  Physical–chemical analysis

2.5.1  |  Color analysis

Color analysis was performed using a Konica Minolta colorimeter 
(Chroma Meter CR-400, Japan) using a 2-degree standard observer 
and a D65 illuminant. The results were presented as CIELab co-
ordinates, including L (lightness, black–white, 0–100), a* (green–
red, −60–60), and b* (blue–yellow, −60–60) parameters (Pereira 
et al., 2024).

For the brioche samples, the color was analyzed in three slices 
from the middle, and measurements were taken at four different 
places in the dough, six different places in the baked crust, and 
four different places in the crumb. All readings were performed five 
times.

In the cases of fondant samples, the readings were taken at 
two distinct places within four circles for each formulation (con-
trol and fondant with extract). Each reading was repeated at least 
five times.

The parameter ΔE (color differences) was calculated using 
Equation 5:

where ΔL*, Δa*, and Δb* are obtained by subtracting the values of 
the samples from microalgae to the values of the controls (without 
microalgae).

The color of the fondants was also analyzed after a storage pe-
riod of 4 months at 4°C.

2.5.2  |  Texture analysis

The texture analysis was performed within 24 h after the production 
of the samples. Texture profile analysis (TPA) was obtained with TA-
XTplus texturometer (Stable MicroSystems, Surrey, UK) equipped 
with a 5 kg load cell.

For the brioche, the measurements were done on 1.5 cm slices 
using a 10-mm-diameter cylindrical probe that pierced 6 mm into 
the samples (equivalent to 40% strain) (Correia et al., 2015; Nunes, 
Graça, et al., 2020). For the fondant, the pieces presented a thick-
ness of 0.5 cm and were analyzed using a 2 mm cylindrical probe that 
pierced 2 mm into the sample.

All tests were performed at a 1 mm/s test speed with a 5 s wait-
ing time between compressions and using a 30 kg trigger load and 
a 5 g trigger force. Four readings were performed for each slice 
of brioche, and five readings were performed for each circle of 
fondant.

A simplified TPA macro from the software Exponent Connect 
(Stable Micro Systems, Surrey, UK) was used to extract the values 

for hardness, resilience, cohesion, and springiness for the brioche, 
and hardness for the fondant.

2.5.3  |  pH and aW

pH was measured using a pH meter (Inolab, WTW, Weilheim, 
Germany) equipped with a perforation probe, and the aW analy-
sis was performed with a hygrometer (HP23-AW-A, Rotronic, 
Bassersdorf, Switzerland) (Khemiri et al., 2020). For the brioche, two 
samples were crushed to decrease the particle size, and the aw was 
measured in triplicate. For the fondant, three pieces of each formu-
lation were measured.

2.5.4  |  Proximate composition

Protein was analyzed in an external laboratory using the Dumas 
method and a nitrogen conversion factor of 6.25 (AOAC 992.23-
1992, 1998; ISO 16634, 2005; Pereira et al., 2024).

Total fat was quantified using the Folch methodology (Folch 
et al., 1957) with the adaptations described in Pereira et al. (2024). 
The total fat was extracted from 1 g of sample (dried sample of bri-
oche and fresh sample of fondant) using 0.5 mL of water and 5 mL of 
chloroform: methanol (2:1), and the mixture was homogenized for 
1 min. Then, 5 mL of chloroform: methanol (2:1) was added, and the 
mixture was homogenized for 5 min. After homogenization (2 min) 
with 1.2 mL of sodium chloride (0.8%), the solution was centrifuged 
(6000 rpm, 10 min, 4°C). The lower phase was filtered through a 
column of hydrophobic cotton and sodium sulfate anhydrous and 
collected in a pear-shaped flask. Furthermore, 5 mL of chloroform 
were added to the supernatant, centrifuged (6000 rpm, 10 min, 4°C), 
and the lower phase filtered through the column to the pear-shaped 
flask. The solvent collected in the flask was evaporated with a ro-
tavapor followed by overnight incubation in an oven. The total fat 
was calculated through the difference in weight of the pear-shaped 
flask.

Moisture was analyzed following the protocol described by 
Ghendov-Mosanu et al. (2022). The samples were weighted and in-
cubated overnight in crucibles at 105°C. The moisture was calcu-
lated through weight difference.

Ashes were obtained by incubation of the crucibles with 
the dried samples in a furnace and heating at 535°C for 5 h (NP 
2032,  2009). The ashes content was calculated from the differ-
ences in weight considering the weight of the initial fresh samples.

Carbohydrates were estimated by subtracting the values of the 
proteins, fat, moisture, and ashes from 100 g (Khemiri et al., 2020).

2.5.5  |  Fatty acid profile

The fatty acid (FA) profile was analyzed using the total fat extracted 
from the brioches dried biomass following the protocol described by 

(5)ΔE =
√

ΔL∗2 + Δa∗2 + Δb∗2
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Fernández et  al.  (2015). 10 mg of fat was incubated in a water bath 
at 80°C for 2 h with 2 mL of methanol with 2% sulfuric acid. 1 mL of 
milliQ water and 2 mL of n-hexane were added to the solution, homog-
enized for 1 min, and centrifuged at 1000 rpm (5 min, 4°C). 1 mL of the 
upper phase was removed and stored in GC vials until further analysis. 
The analysis was carried out on a GC-FID chromatograph (Finnigan 
trace GC Ultra, Thermo Scientific) equipped with an autosampler (AS 
3000, Thermo Electron Corporation) and a TR-FAME capillary column 
(Thermo TR-FAME, 60 m × 0.25 mm ID × 0.25 μm film thickness). The 
injector (operating in splitless mode) and the detector temperatures 
were set at 250 and 280°C, respectively. The column temperature was 
initially set at 100°C for 0.1 min, then raised at 10°C min−1 to 150°C 
and held for 1 min followed by an increase at 5°C min−1 to 200°C and 
maintained for 9 min, and finally raised to 235°C at 2°C min−1 and held 
for 5 min. Helium was used as carrier gas at a flow rate of 1.5 mL min−1. 
Air and hydrogen were supplied to the detector at flow rates of 350 
and 35 mL min−1, respectively.

The fatty acid profile was determined by comparing the resulting 
retention times with a 36-fatty acid standard (Supelco 37 compo-
nent FAME Mix), and the results were expressed as % of total FA.

2.6  |  Microbiological analysis

For the microbiological analysis, five separate samples of brioches 
were collected at four different time points during storage at room 
temperature. The time points included day 1 (24 h after production), 
day 2, day 3, and day 4.

Similarly, for the monitoring of the fondant, the product was di-
vided into five parts and analyzed every week starting from day 1 
(24 h after production) for a total duration of 28 days of storage at 
room temperature.

In both cases, a control sample without microalgae biomass or 
extract was used. Each sample (25 g) was homogenized in a stom-
acher (Interscience, Saint Nom la Brèteche, France) with 225 mL 
of sterile Ringer's solution (Biokar Diagnostics, Beauvais, France) 
for 2 min. This was used to prepare appropriate decimal dilutions 
in Ringer's solution for microbial enumeration along the mentioned 
time period: Total viable counts at 30°C (ISO 4833-1, 2013), yeast 
and molds at 25°C (NP (Norma Portuguesa),  1987), Bacillus spp. 
(Health Protection Agency, 2009), and B. cereus (ISO 7932, 2004).

2.7  |  Antioxidant potential

For the antioxidant analyses, ethanolic extracts were produced by 
adding 1 g of freeze-dried brioche to 10 mL of ethanol absolute. 
The mixture was homogenized for 5 min using a vortex and left to 
rest overnight at 4°C in the dark. The extracts were obtained after 
2 cycles of 15 min centrifugation (8000 g) at 4°C. For the T. chuii 
extracts, the extraction was performed on 0.34 g of dried extracts 
with a final concentration of 0.1 g/mL following the methodology 
described in section 2.7.

The total phenolic compounds were obtained using the Folin–
Ciocalteu method, as described by Singleton and Rossi  (1965) and 
Waterhouse (2003) with some modifications. In an Eppendorf, 10 μL 
of the extract was diluted with 790 μL of distilled water and 50 μL of 
Folin–Ciocalteu reagent. For the blanks, the Folin–Ciocalteu reagent 
was replaced by distilled water. The solution was placed in the dark 
for 2 min (RT). After the addition of 150 μL of 20% sodium carbonate 
(Na2CO3), the samples were incubated in the dark at room tempera-
ture for 1 h. The samples were transferred to a 96-well microplate, 
and the absorbance was measured at 755 nm in a microplate spec-
trophotometer (Epoch 2, BioTek, United States). Different concen-
trations of gallic acid (1, 0.3, 0.1, 0.03, and 0.01 mg/mL) were used 
as reference standards, and the results are presented as mg of gallic 
acid equivalents/g of sample (mg GAE/ g).

The ability to reduce the DPPH radical was evaluated following the 
method described by Brand-Williams et al. (1995) with modifications. 
10 μL of the extracts was added to 990 μL of a methanolic solution of 
DPPH at 0.1 mM and left to react for 30 min in the dark at room tem-
perature. The samples were transferred to a microplate, and the absor-
bance was measured at 517 nm. Blanks of the samples were prepared 
using methanol instead of DPPH, and controls were made using etha-
nol absolute (the solvent of the extracts) in place of the extracts. The 
ability to reduce DPPH was calculated using Equation (6):

Ascorbic acid was used as reference standard at 1, 0.75, 0.50, 
0.20, and 0.02 mM, and the results are expressed as μmol of ascorbic 
acid equivalents /g of sample (μmol AAE/ g).

The ferric-reducing ability of the extracts was analyzed using 
the methodology described by Benzie and Strain  (1996) with 
modifications. Acetate buffer at 300 mM (pH 3.6) was prepared 
using sodium acetate (3.1 g/L) and acetic acid (16 mL/L), and the 
pH was set to 3.6 using NaOH or HCl. The solution of TPTZ was 
produced by dissolving 10 mM of TPTZ in a solution of 40 mM of 
HCl. Additionally, the ferric solution (20 mM) was produced by dis-
solving FeCl3.6H25 μL of extract was added to 975 μL of the ferric 
solution of TPTZ and left in the dark at room temperature for 4 h. 
The samples were transferred to a microplate, and the absorbance 
was measured at 593 nm. Blanks of the samples were prepared 
using water in place of the ferric solution of TPTZ, and different 
concentrations of ascorbic acid (1, 0.75, 0.50, 0.20, and 0.02 mM) 
were used as reference standards. The results are presented as 
μmol AAE/ g.

2.8  |  Sensory analysis

Preliminary consumer acceptance analysis was done using the egg-
less brioche as a way to evaluate its potential to be commercial-
ized. This analysis was performed by 43 persons between 10 and 
65 years, 58% female and 42% male. The analysis was performed 
in individual sensory booths, evaluating the brioche's color, aroma, 

(6)
Ability to reduce free radicals (%)=

(

1−
[

Asample−Ablank

])

∕
(

Acontrol

)

×100
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taste, texture, and global appreciation using a five-point hedonic 
scale (1 – dislike extremely, 2 – dislike, 3 – neither like nor dislike, 
4 – like, and 5 – like extremely). The results were composed of the 
average of each sensory attribute. The participants were also asked 
to rate their purchase intent.

2.9  |  Statistical analysis

All analyses were done in triplicate and, when applied, the results 
are expressed as means ± standard deviation. The color differences 
of the microalgae additions were compared using the Kruskal–Wallis 
non-parametric test, followed by the multiple comparison Games–
Howell test (Zar,  2010). The comparison of the color differences 
between the control brioche and the remaining brioches was per-
formed using a Dunnett's test. Differences between the physical–
chemical (weight loss, pH, aW, texture, and color) and nutritional 
(moisture, ashes, protein, fats, fatty acids, carbohydrates, and en-
ergy) results, when comparing the control brioche with the brioche 
with microalgae and the control fondant with the extract fondant, 
were assessed using a Student's t-test (Zar, 2010). All assumptions 
inherent to the performance of the t-test (namely, normality of 
data and homogeneity of variances) were validated. Whenever the 
requirements were not met, the Mann–Whitney U test was used. 
All statistical analyses were performed using IBM SPSS Statistics 
28 (Copyright IBM Corp. ©1989–2023, Armonk, NY 10504–1722, 
USA). All results were considered statistically significant at the 5% 
significance level (i.e., whenever p-value <.05).

3  |  RESULTS AND DISCUSSION

3.1  |  Brioche-type bread

Brioche-type bread was chosen as a model for the substitution of 
egg by C. vulgaris (White and Honey) whole biomass. These mi-
croalgae were chosen due to their initial coloration that had po-
tential of matching the one provided by the eggs. As mentioned, 
the objective of this study was to evaluate the potential of using 
microalgae as a natural color substitute for egg. Considering this, 

the color parameters L*, a*, and b* were measured to better under-
stand the effect of the different levels of microalgae incorporation 
when compared with a control-containing egg (Table 3). Figure 1 
shows a representation of the eggless brioche with C. vulgaris 
Honey:White (A), as well as images of the microalgae C. vulgaris 
Honey and White (B).

The color of the cakes depends on the Maillard reactions and 
caramelization during the baking process (crust color) and the in-
gredients used in the manufacture of the products (crumb color) 
(Majzoobi et al., 2014). As shown in Table 3, in the crumb, the for-
mulation with C. vulgaris Honey resulted in brioches with higher 
color differences (ΔE) when compared with the control, reaching 
values of 15.70 ± 2.08. Similar average ΔE was obtained for the 
other incorporations, with values of 6.02 ± 1.97 and 4.65 ± 0.91 
for the mixture of C. vulgaris White:Honey and for the C. vulgaris 
White, respectively. Nevertheless, statistically significant differ-
ences (p-value <.05; Table 3) were found between these two ΔE. 
The higher ΔE of the mixture of C. vulgaris White:Honey when 
compared to the C. vulgaris White was mainly due to the L* values 
that showed that the samples were lighter than the control. No 
statistical differences were found in the values of L* when using 
Chlorella vulgaris White (p-value >.05; Table 3). On the other hand, 
the a* and b* parameters were on average more alike to the con-
trol (Δa = − 0.32 ± 0.15 and Δb = − 0.40 ± 0.91) when using the mi-
croalgae mixture than the formulation with only C. vulgaris White 
(Δa = − 2.96 ± 0.70 and Δb = 1.79 ± 1.08).

Larger differences were verified between the control and the 
eggless brioche on crust browning. The control brioche presented 
a typical brown crust, while the eggless brioche crust did not brown 
as quickly during the allocated baking time (Figure 1). As previously 
mentioned, the crust color is a result of the reactions induced by the 
baking process, and the egg plays an important part on this front. 
Other studies regarding egg replacement in cakes have mentioned 
that higher protein ingredients originated in cakes with darker crusts 
(Hedayati et  al.,  2022). This is because of the Maillard reactions 
that occur in the presence of reducing sugars and proteins (Žilić 
et al., 2021). Darker crust (lower L* and highest a*) was verified in the 
control brioche than in the brioche with microalgae due to the lat-
ter's lower protein content caused by the absence of the egg. Similar 
results were obtained when using soy milk as egg substitute in cakes 

TA B L E  3  Results of the color analysis of brioche-type bread crust and crumb with different microalgae incorporations (1% C. vulgaris 
White [W], 1% C. vulgaris Honey [H], and 1% C. vulgaris White/C. vulgaris Honey [W/H]), and comparison with the crumb of control brioche 
(C) with egg.

Formulations

Crust Crumb ΔE

L* a* b* L* a* b* Crust Crumb

C 44.58 ± 8.58a 18.54 ± 2.13a 30.38 ± 4.82a 64.13 ± 2.95a 2.17 ± 0.39a 22.06 ± 1.84a – –

W 54.06 ± 9.29b 12.87 ± 3.89b 33.82 ± 3.23c 64.89 ± 2.90a −0.78 ± 0.70b 23.85 ± 1.08b 13.31 ± 8.26a 4.65 ± 0.91a

H 71.62 ± 6.36c 4.44 ± 4.76c 33.02 ± 7.40c 72.12 ± 3.19b −1.90 ± 0.40c 34.68 ± 0.95c 31.72 ± 6.91b 15.70 ± 2.08b

W/H 62.03 ± 14.76d 10.71 ± 6.53b 29.13 ± 3.49b 69.97 ± 2.20b 1.86 ± 0.15d 21.66 ± 0.91d 20.96 ± 14.15c 6.02 ± 1.97c

Note: ΔE represents color differences. Different letters in a column represent statistically significant differences (p-value <.05, Kruskal–Wallis, 
Games–Howell).
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that was also justified by the difference in protein contents of the 
soy milk versus egg (Rahmati & Tehrani, 2014).

The main objective of this study was to use microalgae biomass 
to provide a coloration similar to the one provided by the eggs on 
bakery products. However, the effect of this replacement on the 
physical–chemical and nutritional properties was also analyzed. In 
this part, only one of the incorporations was further analyzed. In 
both cases, the use of C. vulgaris White and the mixture of C. vul-
garis White:Honey demonstrated ability to provide color not very 
dissimilar to the one provided by the egg on the brioche. As pre-
viously mentioned, in terms of color, there was a ΔE of 6.02 ± 1.97 
(when using the mixture), mainly due to the increased luminosity (L*) 
of the eggless brioche that denotes perceptible differences in color 
(ΔE >5) (Nunes, Fernandes, et al., 2020). Nevertheless, for the nutri-
tional characterization of the eggless brioche, the formulation using 
a combination of the two C. vulgaris was selected due to the per-
ceived nutritional benefits that both microalgae could provide to the 
product. C. vulgaris White presents higher contents of omega-6 fatty 
acids, while C. vulgaris Honey presents higher contents of omega-3 
fatty acids. In addition, C. vulgaris Honey contains twice the amount 
of omega-3 compared to C. vulgaris White, and it also contains lutein 
(Allma, 2021).

The comparison of the physical–chemical and proximate analysis 
of the control brioche and the eggless brioche is presented in Table 4.

Eggs in bakery products are important for several technologi-
cal characteristics, so their total substitution can lead to bakery 
products with different properties from the original egg product. 
The eggless brioches presented lower weight loss during the bak-
ing process, moisture, protein, total fat, and slightly lower pH. These 
results could have been caused by the absence of the egg and the 
fact that the egg was replaced by microalgae and water equivalent to 
egg white (approximately 60% of a whole egg) (Hedayati et al., 2022; 
Wilderjans et al., 2013). The lower moisture could have contributed 
to the differences in the texture of the brioches. Eggless brioche 

presented a significantly higher hardness and lower resilience and 
springiness (p-value <.05; Table 4). Similar values to the control's co-
hesion were verified, although not statistically significant (p-value 
>.05; Table 4).

The replacement of eggs in bakery has been attempted using 
various ingredients as substitutes (Hedayati et  al.,  2022; Yazici & 
Ozer, 2021). Lin et al. (2017) used soybean protein isolates (SPI) and 
various polysaccharides to replace the eggs in yellow cakes. The 

F I G U R E  1  Brioche with 1% C. vulgaris (Honey: White) (a) and C. 
vulgaris Honey and White (b).

TA B L E  4  Physical–chemical and nutritional analysis of control 
brioche and eggless brioche with 1% C. vulgaris White and C. 
vulgaris Honey (1:1).

Control brioche

Brioche with 
microalgae 
([W/H] [1:1])

Weight loss (%) 8.43 ± 0.33a 6.20 ± 0.76b

pH

Dough 5.67 ± 0.06a 5.26 ± 0.04b

Baked 5.52 ± 0.12a 5.21 ± 0.06b

aw 0.93 ± 0.00a 0.92 ± 0.01b

Texture

Hardness (N) 2.62 ± 0.38a 3.12 ± 0.46b

Resilience (%) 10.85 ± 1.20a 9.85 ± 1.64b

Cohesion (%) 34.97 ± 2.75a 35.40 ± 2.49a

Springiness (%) 60.32 ± 4.74a 54.00 ± 4.95b

Color (Crumb)

L* 64.13 ± 2.95a 69.97 ± 2.20b

a* 2.17 ± 0.39a 1.86 ± 0.15b

b* 22.06 ± 1.84a 21.66 ± 0.91a

ΔL* – 5.84 ± 2.20

Δa* – −0.32 ± 0.15

Δb* – −0.40 ± 0.91

ΔE – 6.02 ± 1.97

Moisture (%) 29.50 ± 0.31a 26.28 ± 0.52b

Ashes (%) 1.03 ± 0.03a 0.98 ± 0.02b

Protein (g/ 100 g DW) 11.48 ± 0.31a 9.02 ± 0.10b

Total fat (g/ 100 g DW) 16.05 ± 0.47a 14.86 ± 0.13b

Fatty acids (% of total 
fat)

SFA 47a 48b

MUFA 39a 38b

PUFA 14a 14b

Carbohydrates (g/ 100 g 
DW)

38.50 ± 0.21a 43.88 ± 0.71b

Energy (Kcal/ 100 g) 335.54 ± 3.29a 344.87 ± 1.91b

TPC (mg GAE/g DW) 1.55 ± 0.35a 0.54 ± 0.06b

DPPH inhibition (μmol 
AAE/g DW)

0.80 ± 0.45a 1.18 ± 0.44b

FRAP (μmol AAE/g DW) 2.04 ± 0.52a 0.79 ± 0.30b

Note: Different letters in a row represent statistically significant 
differences (t-test, p-value <.05, Mann–Whitney U, p-value <.05).
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authors found that the replacement of the eggs increased the firm-
ness and decreased the springiness of the product. The increase in 
the firmness was associated with the high-water binding activity of 
the SPI that reduced the free water and amylose content, while the 
decrease in springiness was associated with the protein aggregation 
(Hedayati et al., 2022; Lin et al., 2017). In the eggless brioche pro-
duced in this work, slightly lower springiness values were observed, 
which may be the result of the lower protein content. The addition of 
higher amounts of microalgae could have contributed to mitigate the 
reduction in protein content since both C. vulgaris Honey and C. vul-
garis White contain protein values around 30 g/100 g (Allma, 2021).

Additionally, the brioches were also evaluated for their total phe-
nolic compounds and antioxidant potential by FRAP and DPPH as-
says. These different antioxidant quantification methods were used 
due to the distinct mechanism of action involved in the detected 
activity.

Low antioxidant activity was expected for these products due 
to the baking process, which can lead to the destruction of the com-
pounds with antioxidant activity. In a study with cookies containing 
C. vulgaris, the authors observed a 50% reduction in the phenolic 
compounds during the baking process (Batista et al., 2017).

Both samples demonstrated low but quantifiable TPC, FRAP, and 
DPPH activities, with control brioche presenting significantly higher 
total phenolic compounds (1.55 ± 0.35 mg GAE/g) and ability to re-
duce the ferric ions (2.04 ± 0.52 μmol AAE/g) (p-value <.05; Table 4). 
On the other hand, the eggless brioche demonstrated a significantly 
higher ability to reduce the DPPH radical (1.18 ± 0.44 μmol AAE/g) 
(p-value <.05; Table 4).

The different growth conditions (autotrophic vs heterotrophic) 
and random mutagenesis that originates from the C. vulgaris bio-
mass can result in the accumulation of lower bioactive compounds 
(Khemiri et al., 2022). The incorporation of 6% of different C. vul-
garis (autotrophic [Organic C. vulgaris] and heterotrophic [C. vul-
garis White, Honey, and Smooth]) in couscous resulted in distinct 
antioxidant potentials. Higher antioxidant activity was verified for 

the organic C. vulgaris with the highest TPC, FRAP, and DPPH ac-
tivity. The application of heterotrophic C. vulgaris showed higher 
activity when using C. vulgaris Honey, presenting increases of 49%, 
79%, and 41% in TPC, FRAP, and DPPH antioxidant activity, re-
spectively, in comparison with the control. The incorporation of 
C. vulgaris White resulted in values similar to those of the control 
(Khemiri et al., 2022). On the other hand, snacks with 5% C. vul-
garis Smooth presented a TPC of 1.10 mg GAE/g, a FRAP activity 
of 72.7 mg AAE/g DE, and a DPPH activity of 25.4 mg AAE/g DE, 
higher values than those of the control snack. Nevertheless, the 
antioxidant activity was inferior to that observed using the same 
percentage of Spirulina. These differences were related to the 
lower content of phytopigments present in the C. vulgaris Smooth 
caused by its growth conditions (heterotrophy) (Letras et al., 2022). 
In the present study, the microalga used was also grown under het-
erotrophic conditions, presenting even lower contents of phyto-
pigments when compared to C. vulgaris Smooth. As a result, the 
reduced antioxidant activity when compared to the control can be 
attributed to this factor. Additionally, the low addition of microal-
gae (1%) may not have been enough to make up for the absence of 
eggs, considering that eggs themselves have been shown to pos-
sess antioxidant activity (Nimalaratne & Wu, 2015).

The microbial stability of the brioche samples (control and bri-
oche with microalgae) was monitored during a 4-day storage period 
(Table 5). According to the guidelines of the UK Health Protection 
Agency (2009), in general, the results of the microbiological analyses 
of the brioche presented satisfactory levels, with the exception of 
the total viable counts at 30°C that showed unsatisfactory values 
in the brioches with algae on days 1 and 4. Nevertheless, the values 
obtained are very close to the limit for being considered unsatisfac-
tory (≥104 CFU/g); yeasts probably contributed to these results as 
yeast counts at 25°C were higher in the brioches with algae. These 
differences could be due to the microalgae used, which also pre-
sented high values for total viable counts at 30°C (1.2 × 102 cfu/g and 
<1.0 × 104 cfu/g for C. vulgaris Honey and White, respectively) and 

TA B L E  5  Microbial analysis of the 
brioche samples for the first 4 days after 
production. Sample Days

Microbial 
count at 30°C, 
(CFU/g)

Molds at 25°C, 
(CFU/g)

Yeast at 25°C, 
(CFU/g)

Bacillus spp., 
(CFU/g)

B. Cereus, 
(CFU/g)

Control 1 1.8 × 102 <1.0 × 101 1.2 × 102 <1.0 × 101 <1.0 × 101

2 8.5 × 102 <1.0 × 101 7.5 × 102 Present but
<4.0 × 101

<1.0 × 101

3 4.7 × 102 <1.0 × 101 3.8 × 102 Present but
<4.0 × 101

Present but
<4.0 × 101

4 2.5 × 102 EN = 7.0 × 101 EN = 6.0 × 101 <1.0 × 101 <1.0 × 101

Brioche 
W/H

1 5.1 × 104 <1.0 × 101 1.0 × 103 Present but
<4.0 × 101

<1.0 × 101

2 9.5 × 103 <1.0 × 101 3.5 × 103 Present but
<4.0 × 101

<1.0 × 101

3 4.3 × 103 <1.0 × 101 4.0 × 103 2.3 × 102 <1.0 × 101

4 1.1 × 104 <1.0 × 101 6.6 × 103 <1.0 × 101 <1.0 × 101

Abbreviation: EN, estimated number.
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yeasts at 25°C (<1.0 × 102 cfu/g for both microalgae) (information 
taken from the microalgae datasheet). Possible contamination of the 
samples after baking could have also contributed to the obtained re-
sults. Nevertheless, it could be considered that both brioches, con-
trol and eggless brioche, were safe for consumption for at least three 
days after production.

As a way to evaluate the market potential of the eggless brioche, 
sensory evaluation was performed. Color, aroma, taste, texture, and 
global appreciation of the brioches were evaluated, and the pur-
chase intent was assessed (Figure 2).

Overall, the eggless brioche with microalgae obtained positive 
responses in all parameters evaluated. Responses were considered 
positive from “like it slightly” to “like it extremely,” which accounted 
for 95% of the responses in color, 84% in aroma and taste, 77% in 
texture, and 88% in the global appreciation. As for the purchase 
intent, 72% of the consumers indicated that they would “probably 
buy” and “definitely buy.” Nevertheless, this is only a demonstration 
of the potential of the product since a larger sample size (>80) is 
needed to yield stronger results (Drake et al., 2023).

As previously mentioned, the main objective of the present 
study was to replace the eggs and provide color using C. vulgaris. 
Nevertheless, the results suggest that the use of microalgae has the 

potential to being used not only to provide color but also to create 
eggless versions of brioche with good sensory acceptability.

3.2  |  Fondant

Using the whole microalgae as a fondant colorant was challenging 
due to the intense flavor provided by the microalgae tested (results 
not shown). Therefore, microalgae extracts were used to color the 
fondant. Although it is reported that chlorophyll is one of the main 
contributors to the algae flavor (Schüler et al., 2020), by extracting 
these compounds it becomes possible to introduce less amounts of 
the extract to achieve an appealing color with the reduced flavor 
intensity.

T. chuii extracts were produced using ethanol 80% v/v at a pro-
portion of 1:20 (biomass: solvent) (Kulkarni & Nikolov, 2018). Two 
consecutive extractions ensured that the maximum pigment ex-
traction was achieved. The concentration of the different pigments 
in the T. chuii extracts, the extraction yield, and the antioxidant ca-
pacity of the extracts are presented in Table 6.

The extracts obtained in this study exhibited simi-
lar concentrations of chlorophyll b (2.45 ± 0.08 mg/g) and 

F I G U R E  2  Sensory results and 
purchase intent of the eggless brioche.

TA B L E  6  Total concentration of 
pigments (chlorophyll a, chlorophyll b, 
and carotenoids), extraction yield, total 
phenolic compounds, and DPPH and 
FRAP activities of the extracts from 
Tetraselmis chuii.

Total (mg/g)
Extraction 
yield (%)

TPC (mg 
GAE/g)

DPPH 
inhibition 
(μmol AAE/ g)

FRAP (μmol 
AAE/ g)

Chlorophyll a 2.23 ± 0.10 33.34 ± 0.52 6.30 ± 1.96 12.22 ± 4.78 24.04 ± 6.06

Chlorophyll b 2.45 ± 0.08

Carotenoids 0.04 ± 0.00



9488  |    PEREIRA et al.

chlorophyll a (2.23 ± 0.10 mg/g) along with trace amounts of carot-
enoids (0.04 ± 0.00 mg/g). Higher contents of carotenoids than the 
ones obtained in this study have been previously reported, with 
some studies indicating maximum values of 8.5 mg/g for T. chuii in 
methanolic extracts, while lower values were observed for other 
species of Tetraselmis (Banskota et  al.,  2019; Goiris et  al.,  2012; 
Paterson et al., 2023). The variations in carotenoid amounts can be 
associated with the different biomass growth conditions and envi-
ronmental stress factors, which have been found to influence the 
production of pigments (Goiris et al., 2012; Paterson et al., 2023).

The extracts from T. chuii also exhibited antioxidant activity, as 
shown in Table 6. Previous studies have reported varying ranges of 
antioxidant activity for T. chuii extracts, depending on the types of 
solvents used in the extraction and the concentration used on the 
assays. Similar total phenolic contents have been previously deter-
mined for water/ethanol extracts from Tetraselmis spp., presenting 
values of 3.74 ± 0.10 mg GAE/g DW (Goiris et al., 2012). Higher val-
ues were obtained for T. chuii using other extraction solvents (non-
food grade). The total phenolic amount in T. chuii was quantified in 
the order of 20 mg GAE/g DW in acetone/hydrochloric acid extracts, 
while lower values were obtained in ethanol (13.61 mg GAE/g), 
methanol (8.6 mg GAE/g DW), and water and DMSO extracts (val-
ues ranging from 4.38 to 6.70 mg GAE/g DW) (Custódio et al., 2012; 
Gangadhar et al., 2016; Kokkali et al., 2020; Tibbetts et al., 2015).

At a concentration of 0.1 g/mL, a DPPH scavenging activity of 
17.40 ± 3.33% (equivalent to 12.22 ± 4.78 μmol AAE/g [Table 6]) was 
obtained. Higher DPPH scavenging activity was observed for meth-
anol and hexane extracts with values of 45.8 ± 2.5 and 68.1 ± 2.3%, 
respectively, at a concentration of 10 mg/mL (Custódio et al., 2012). 
At a concentration of 200 μg/mL, methanolic extracts presented 
45% of DPPH scavenging activity (Banskota et al., 2019), while eth-
anolic extracts presented around 67% DPPH scavenging activity 
(IC50 of 1.14 ± 0.01 mg/mL) (Silva et al., 2022). Lipidic extracts from 
T. chuii demonstrated in the DPPH essay an IC20 of 225.7 ± 6.9 μg/
mL (Conde et al., 2021).

As for the FRAP activity, other studies using T. chuii extracts also 
reported FRAP activity. Custódio et al.  (2012) reported in this mi-
croalga higher ability to chelate Fe2+ when using hexane (77.8 ± 6.2% 
at 1 mg/mL) than methanol (32.2 ± 5.0% at 10 mg/mL). In T. chuii 
ethanolic extracts, the ability to chelate Fe2+ was 16.6 ± 0.7% 
when using a concentration of 1 mg/mL and 88.9 ± 2.7% at a con-
centration of 10 mg/mL (Gangadhar et al., 2016; Silva et al., 2022). 
Hydroethanolic Tetraselmis spp. extracts (100 mg/mL concentration) 
presented FRAP results of 46.58 ± 0.60 μmol Trolox equivalent/g 
DW (Goiris et al., 2012).

Various factors can contribute to different pigment contents 
and bioactivities. The growth conditions and biomass processing 
can contribute to the potential increase or decrease in pigments 
and compounds with antioxidant activity (Goiris et al., 2012). On the 
other hand, the extraction solvent used influences the polarity of 
the compounds extracted, with polar solvents (ethanol and meth-
anol) extracting more phenolic compounds and some PUFA, while 
non-polar solvents (hexane) extract more pigments, polyphenols, 

and PUFA (Custódio et  al.,  2012; Silva et  al.,  2022). Water is only 
able to extract polar compounds such as polyphenols and polysac-
charides (Silva et  al.,  2022). The application in food products can 
hinder the use of some of the more efficient solvents for antioxidant 
compounds due to their non-food grade nature.

The potential of using the T. chuii extracts in food as colorants 
was evaluated by applying the extracts to fondant. This product was 
chosen due to the fact that it is available in a wide array of colors 
that are often from non-natural sources. The level of extract addi-
tion to the fondant was selected through sensory testing, and it was 
determined that the maximum percentage of extract that achieved 
acceptable sensory characteristics was 0.05% (w/w). Figure 3 shows 
samples of fondant with and without the incorporation of extract.

The effect of the incorporation of T. chuii extract in the fondant 
was evaluated by comparing the physical–chemical and proximate 
nutritional analysis of the fondant with and without extract (Table 7).

Both fondants presented similar average results for aw, texture, 
moisture, and ashes; nevertheless, statistical differences were iden-
tified between the samples (p-value .05; Table 7). The extract also 
provided a fondant with slightly lower pH, and higher fat content (p-
value .05; Table 7). The T. chuii extract caused a noticeable increase 
in fat content when compared with the control reaching values of 
0.54 ± 0.07 g of fat/ 100 g (fresh weight) versus 0.28 ± 0.07 g fat/ 
100 g (fresh weight) for the extract and control fondant, respectively 

F I G U R E  3  Representation of the control fondant (a) and the 
fondant with 0.05% of T. chuii extract (b).
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(p-value <.05; Table  7). This may be caused by the simultaneous 
extraction of fat along with the pigment extraction, resulting in an 
augmented fat content in the fondant where the extract was used. 
In terms of hardness, protein, carbohydrates, and energy, no differ-
ences were found (p-value >.05; Table 7).

In terms of color, naturally the extract decreased the L* param-
eter while increasing the values of a* and b*, providing a green col-
oration to the product. T. chuii extracts demonstrated the potential 

of being used as natural colorants, with the ability to retain their 
color over time. After a period of storage at 4°C, a color analysis 
showed that some color was retained presenting a color difference 
(ΔE) of only 5.60 ± 1.40 between the fondant with extract at time 
0 and after 4 months of storage. This difference was mainly due to 
difference in luminosity (less luminosity) and the green coordinates 
(less green) (p-value .05; Table 7). This was expected since in pre-
vious studies, the reduction of the green coordinate was used as a 
way to evaluate chlorophyll degradation (Ferreira et al., 2023; Shen 
et al., 2010). Chlorophylls have been shown to be sensitive to various 
conditions; nevertheless, ethanolic extracts from Chlorella vulgaris 
showed good stability at <28°C in the dark, with their incorporation 
in rice being visually stable for 3 days (4°C) (Ferreira et al., 2023).

Finally, the microbial stability of the fondant was evaluated 
during a storage period of 28 days at room temperature, evaluating 
total viable counts at 30°C, molds and yeast at 25°C, Bacillus spp. 
and Bacillus cereus (Table 8).

As can be confirmed, all the values remained within accept-
able levels throughout the monitored period, indicating that the 
fondants were microbiologically stable for at least 28 days at room 
temperature.

4  |  CONCLUSION

The potential of using microalgae, both whole biomass and extracts, 
as alternative for synthetic colorants was evaluated on two pastry 
products (brioche-type bread and fondant).

In brioche-type bread, 1% C. vulgaris (White: Honey [1:1]) bio-
mass showed the ability to replace the egg with minimal distur-
bances in the physical properties of the product. The nutritional 
aspect of the brioche presented some differences, with the eggless 
brioche having lower fat and protein content. Further studies should 
be made by increasing the amount of microalgae used to try to in-
crease the proteins without increasing the total fat. A preliminary 

TA B L E  7  Physical–chemical and nutritional analysis of the 
fondants with and without 0.05% T. chuii extract.

Control fondant
Fondant (T. 
Chuii extract)

pH 4.53 ± 0.02a 4.31 ± 0.03b

aw 0.85 ± 0.00a 0.85 ± 0.00b

Texture

Hardness (N) 0.33 ± 0.03a 0.33 ± 0.03a

Color

L* 90.17 ± 1.07a 83.76 ± 1.18b

a* 3.58 ± 0.09a −4.68 ± 0.71b

b* 4.54 ± 0.47a 15.05 ± 1.15b

ΔL* – −6.41 ± 1.18

Δa* – −8.26 ± 0.71

Δb* – 10.51 ± 1.15

ΔE – 14.86 ± 1.41

Moisture (%) 16.15 ± 0.36a 15.88 ± 0.36b

Ashes (%) 0.05 ± 0.01a 0.06 ± 0.01b

Protein (g/100 g) 1.73 ± 0.06a 1.83 ± 0.06a

Total Fat (g/100 g) 0.28 ± 0.07a 0.54 ± 0.07b

Carbohydrates (g/100 g) 81.79 ± 0.19a 81.68 ± 0.17a

Energy (Kcal/100 g) 336.56 ± 1.22a 338.98 ± 1.30a

Note: Different letters in a row represent statistically significant 
differences (t-test, p-value <.05).

TA B L E  8  Microbial analysis of the 
fondant samples for a period of 28 days.

Sample Days
Microbial count at 
30°C, (ufc/g)

Molds 
at 25°C, 
(ufc/g)

Yeast at 
25°C, 
(ufc/g)

Bacillus 
spp., (ufc/g)

B. Cereus, 
(ufc/g)

Control 
fondant

1 EN = 8.0 × 101 <1.0 × 101 1.0 × 102 <1.0 × 101 1.7 × 102

7 EN = 6.0 × 101 <1.0 × 101 1.1 × 102 <1.0 × 101 1.4 × 102

14 2.1 × 103 <1.0 × 101 8.0 × 103 <1.0 × 101 <1.0 × 101

21 4.2 × 103 <1.0 × 101 6.1 × 102 <1.0 × 101 <1.0 × 101

28 EN = 4.0 × 101 <1.0 × 101 2.5 × 102 <1.0 × 101 <1.0 × 101

Fondant 
with T. chuii 
Extract

1 2.4 × 102 <1.0 × 101 1.3 × 102 <1.0 × 101 6.7 × 102

7 1.2 × 102 <1.0 × 101 1.1 × 102 <1.0 × 101 1.8 × 102

14 5.2 × 102 <1.0 × 101 6.6 × 102 <1.0 × 101 <1.0 × 101

21 7.1 × 102 <1.0 × 101 1.6 × 103 <1.0 × 101 <1.0 × 101

28 Present but 
<4.0 × 101

Present but 
<4.0 × 101

2.6 × 103 <1.0 × 101 <1.0 × 101

Abbreviation: EN, estimated number.
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consumer acceptance test showed that the brioche had good ac-
ceptance, demonstrating the possible use of C. vulgaris (White and 
Honey) as egg substitute to provide color in bakery products.

Hydroethanolic T. chuii extracts were successfully used as col-
orant in fondant providing a green color at a percentage as low as 
0.05%, with minimal algae taste. The extracts presented consider-
able amounts of total phenolic compounds and antioxidant activity. 
The addition of the extracts to the fondant did not influence the 
physical–chemical and nutritional characteristics of the fondant 
being able to retain the color for at least 4 months.

This study has shown that microalgae have good potential to be 
used as natural colorant in confectionary and pastry products, hav-
ing the advantage of nutritionally enriching them.
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