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A B S T R A C T   

The aim of this study was to develop nutritionally enriched and sensorially well-accepted biscuits by incorpo-
rating spray-dried microencapsulated S. maxima biomass. Spirulina biomass presented high iron (49.8 mg/100 g) 
and protein contents (80.0%) with high biological value (chemical score > 99%). Spirulina biomass lipids 
presented high unsaturated/saturated fatty acids ratio (0.7) and a high content of polyunsaturated fatty acids 
(32.7%), with an emphasis on γ-linolenic acid (13.8%). No more than 10% of non-microencapsulated Spirulina 
biomass could be added to biscuits without sensorial loss. Upon spray-drying microencapsulation with octenyl 
succinic anhydride modified starch, addition of 20% of Spirulina biomass did not change biscuits sensory 
acceptance and purchase intent scores, with the exception of a 7% decrease in the appearance, probably because 
off-flavors were masked. The acceptance index for these biscuits was 79.2%, suggesting market potential. This 
technological approach led to the production of biscuits with 40% more proteins and that could have a claim as a 
nutritional source of iron (one portion equals to 16% and 35% of the RDA for premenopausal women and men, 
respectively). Considering its wide use and low cost, spray-drying encapsulation emerges as a successful strategy 
to employ microalgae for nutritional enrichment by the food industry.   

1. Introduction 

Biscuits are highly consumed bakery products due to their low prices, 
convenience, variety of forms and flavors, and long shelf life (Nakov, 
Stamatovska, Necinova, & Damyanova, 2016). In general, biscuits have 
poor nutritional value with high contents of sugar, sodium and additives 
in addition to low contents of proteins and fibers (Boobier, Baker & 
Davies, 2006). In this context, the demand for nutritionally improved 
biscuits has increased with the growing number of consumers who are 
inclined to follow healthy dietary patterns (Rathod & Annapure, 2016). 
Protein-enriched biscuits, for instance, are targeted to groups such as 
vegetarians and vegans, who have fewer choices of high-quality protein 
food sources (Nogueira & Steel, 2018). Among novel protein sources, 
microalgae have been drawing much attention in recent years because of 
their several technological and commercial advantages, such as high cell 
growth rates, low-cost cultivation conditions, and no competition with 

traditional food producing areas (Pereira, Lisboa & Costa, 2018). 
Spirulina, also known as Arthrospira, is a blue-green microalga which 

can efficiently use solar energy to yield a biomass rich in valuable 
organic compounds (Batista, Gouveia, Bandarra, Franco, & Raymundo, 
2013). This species is well known for being very rich in proteins (60%– 
70%) of high biologic value (Salmeán, Castillo, & Chamorro-Cevallos, 
2015) and is also considered one of the richest sources of minerals (e. 
g. iron, potassium, calcium, zinc), phenolic compounds, essential fatty 
acids (e.g. eicosapentaenoic acid, docosahexaenoic acid, γ-linolenic 
acid) (Batista et al., 2013; Habib, 2008), pigments (e.g. chlorophylls, 
β-carotene, phycocyanin and allophycocyanin) (Dufossé et al., 2005) 
and vitamins (e.g. cobalamins, riboflavin and folic acid). Due to its GRAS 
(Generally Recognized as Safe) certification, the addition of Spirulina 
biomass to food products was authorized by the FDA in 2002, being 
considered safe, posing no toxicological risks for humans. 

There have been many studies in the literature aiming at developing 
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food products nutritionally enriched by the addition of Spirulina, such as 
extruded snacks (Lucas, Morais, Santos, & Costa, 2018), snack bars 
(Lucas et al., 2020), yogurt (Da Silva et al., 2019), pasta (Özyurt et al., 
2015) and biscuits (Batista et al., 2017; Bolanho, Egea, Campos, De 
Carvalho, & Danesi, 2014; Singh, Singh, Jha, Rasane, & Gautam, 2015). 
One of the limitations for Spirulina addition in food products reported by 
many of these studies is its undesirable impact in sensory quality. The 
biomass typically confers an unpleasant flavor and aroma, in addition to 
a green color appearance, which is also usually undesirable. Therefore, 
aiming at preserving the sensorial quality, a maximum of 10% of Spir-
ulina biomass addition has been reported (Özyurt et al., 2015), with 
most studies adding lower amounts (from 2% to 7%). In this context, 
spray-drying microencapsulation, one of the encapsulation techniques 
most used in the food industry, could be used to solve this problem by 
masking these undesirable sensorial attributes. Recently, Da Silva et al. 
(2019) reported the technological and sensorial advantages of incor-
porating yogurt with S. platensis microencapsulated with maltodextrin 
crosslinked with citric acid over its direct use. These authors, however, 
incorporated only 1% of Spirulina biomass, since their focus was on 
functional properties rather than nutritional enrichment. To the best of 
our knowledge, the use of microencapsulation as a strategy to allow the 
addition of higher amounts of Spirulina biomass to food products, thus 
increasing their nutritional profile, while maintaining their sensorial 
quality, has not been investigated so far. Thus, the aim of this study was 
to develop nutritionally enriched and sensorially well-accepted biscuits 
by incorporating spray-dried microencapsulated S. maxima biomass. 

2. Materials and methods 

2.1. Microalgal culturing and biomass production 

Spirulina maxima strain (LEAF046) is a member of the microalgae 
collection of the Laboratório de Estudos Aplicados em Fotossíntese 
(CMLEAF) at the Federal University of Rio de Janeiro, Brazil. In this 
work, it will be referred by its commercial name, Spirulina. Spirulina 
was cultured in AO medium (Aiba & Ogawa, 1977), exposed to 100 μmol 
photons m− 2 s− 1 under a 12:12 h photoperiod of light:dark cycle, at 30 
± 2 ◦C under agitation for 21 days. Cells were filtered through a nylon 
membrane (100% NBC GIVE) and oven-dried at 37 ± 2 ◦C. 

2.2. Chemical characterization of Spirulina biomass 

Total protein content was determined according to Lowry, Rose-
brough, Farr, & Randall (1951), modified by Mota, Souza, Bon, Rodri-
gues, & Freitas (2018). Total lipid content was determined according to 
Folch, Lees, & Stanley (1956). Ash content was determined according to 
the AOAC (2000). Total carbohydrates was determined by difference. 
Energy values were calculated from the contents of lipids, proteins and 
carbohydrates multiplied by the Atwater factors. Each sample was 
analyzed in triplicate. 

For minerals analysis the biomass (100 mg) was mineralized with 
HNO3 (Suprapur, Merck KGaA, Darmstadt, Germany) in a microwave 
oven (Anton Paar Multiwave GO). Sodium, potassium, phosphorous, 
calcium, magnesium, zinc, copper, iron, and manganese contents were 
determined by ICP-OES (Agilent 5110 SVDV and PerkinElmer Optima 
4300 DV) at Instituto SENAI de Inovação em Química Verde (Rio de 
Janeiro, Brazil). 

For amino acids analysis, proteins were extracted according to Vas-
concelos et al. (2005). For protein hydrolysis, samples were added with 
7 M urea and 2 M thiourea, dried in a vacuum centrifuge for 15 min at 
40 ◦C and added with 6 M HCl containing 0.1% phenol. The flasks at-
mosphere was modified to N2 and heated to 110 ◦C for 24 h. Amino acids 
profile was determined by LC-MS (Q-Exactive Plus, Thermo Scientific). 
Tryptophan could not be detected due its destruction during hydrolysis. 

Fatty acids profile was determined by analyzing the methyl esters 
(FAME) obtained after transesterification by GC-FID (GC-2010, 

Shimadzu®, Japan), as described by Lepage & Roy (1986). Identifica-
tion was performed by comparison of retention times with that of a 
commercial FAME mix standard (Supelco® 37 Component FAME Mix, 
Sigma-Aldrich, Brazil). 

2.3. Spray-drying microencapsulation of Spirulina 

Microencapsulation of Spirulina was carried out using octenyl suc-
cinic anhydride (OSA) starch as wall material in a ratio of 1:1 (w/w). A 
5% (w/v) solution of Spirulina was progressively added to an OSA starch 
solution while stirring at 300 rpm for 30 min and dried in a Büchi B-290 
Mini Spray Dryer (Flawil, Switzerland) with inlet temperature of 220 ◦C, 
nozzle diameter of 7 mm and pump flow of 6 mL/min. 

2.4. Biscuits preparation 

Two set of vegan biscuits samples were investigated in this study. For 
the first set of samples, four different biscuits were prepared: biscuits 
produced without Spirulina biomass (control, CB) and with 5%, 10% 
and 15% (w/w) of non-encapsulated Spirulina biomass in substitution to 
wheat flour (SB5%, SB10%, SB15%) (Supplementary Table 1). 

For the second set of samples, three different biscuits were prepared: 
biscuits produced without Spirulina biomass (control, CB) and 
substituting wheat flour with 20% (w/w) of non-encapsulated Spirulina 
biomass (Spirulina biscuits, SB20%) and with 20% (w/w) of micro-
encapsulated Spirulina biomass (microencapsulated Spirulina biscuits, 
MSB20%) (Supplementary Table 2). 

To prepare biscuits, the ingredients were homogenized using a food 
processor and shaped by hand. Biscuits were baked in an oven 
(170–180 ◦C) for 15 min, cooled until room temperature and stored until 
analyses. Slight adaptations on the formulation of the second set of 
biscuits samples were made to improve sensorial acceptance, based on 
the results of the sensorial analysis of the first sample set, and to mini-
mize production costs, such as exchanging agave syrup for sugarcane 
molasses. Biscuits were produced according to the Good Manufacturing 
Practices to ensure their quality and safety. Microbiological analyses of 
Spirulina biomass were performed at a certified laboratory (Food 
Analysis) and met the Brazilian legislation. Thus, biscuits were safe for 
the consumption by the volunteers who participated in the sensory 
analysis. 

2.5. Sensory analysis 

For the first sample set, sensory analysis was carried out by 100 
untrained panelists (48 men and 52 women; median age of 22 years), 
recruited among staff and students of the Federal University of Rio de 
Janeiro. For the second sample set, sensory analysis was carried out by 
101 untrained panelists (49 men and 52 women; median age of 22 
years), also recruited in the same place. 

Biscuits were placed in a plate and coded with three random digits, 
and offered to panelists in monadic, balanced and random order, 
accompanied by the product evaluation sheet. Sensory tests were carried 
out in individual air-conditioned booths and taste-free water was pro-
vided for palate cleansing. Biscuits were evaluated in terms of appear-
ance, aroma, taste, texture and overall acceptance, using 9-point 
hedonic scale (1 = dislike extremely to 9 = like extremely). Purchase 
intention was evaluated using 5-point hedonic scale (1 = certainly 
would not buy to 5 = certainly would buy) (Stone, Bleibaum, & Thomas, 
2012). The acceptance index of each biscuit sample was calculated by 
the percentage of respondents who indicated that they ’like slightly’, ’ 
like moderately’, ’like very much’ and ’like extremely’ the product. The 
test was approved by the Research Ethics Committee of Clementino 
Fraga Filho Hospital at the Federal University of Rio de Janeiro 
(approval no 38050114.1.0000.5257). 
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2.6. Biscuits characterization 

The second set of biscuits were characterized in terms of proximate 
composition and instrumental color, both in triplicate. Protein, lipid, ash 
and moisture was determined according to the AOAC (2000). Total 
carbohydrate was determined by difference. Energy values were calcu-
lated from the contents of lipids, proteins and carbohydrates multiplied 
by the Atwater factors. 

Instrumental color was determined using a colorimeter (Konica 
Minolta, Chroma Meter, CR400, Japan), calibrated using a standard 
white reflector plate. The CIELab L*a*b* color components were 
determined. Total color difference (ΔE*) of non-encapsulated and 
microencapsulated Spirulina biscuits in comparison to control biscuits 
were calculated according to the following equation: 

ΔE* =
[
(Lc − Ls)

2
+ (ac − as)

2
+ (bc + bs)

2]1/2  

where L*, a* and b* are the color coordinates of control (c) and Spirulina 
(s) biscuits. 

2.7. Statistical analyses 

Data are expressed as mean ± standard deviation. Comparison of 
control, SB5%, SB10% and SB15% biscuits and comparison of control, 
FSB20% and MSB20% were performed by Analysis of variance (one-way 
ANOVA) followed by Tukey-Kramer multiple comparisons post-test 
using GraphPad Prism (version 7.00). Differences were considered sig-
nificant when p < 0.05. 

3. Results and discussion 

3.1. Spirulina biomass is a promising food ingredient due to its high 
contents of high-quality proteins and iron 

Proximate composition and mineral profile of Spirulina biomass are 
presented in Table 1. Variations in values from this work and literature 
may be associated to differences among Spirulina species, strains, 
methods of analysis, culture systems and cultivation conditions. Spir-
ulina biomass contained 80.0% of protein, being the most abundant 
macronutrient. Lower protein contents (from 44.9% to 59.1%) have 
been reported in the literature for Spirulina spp. biomass (Batista et al., 
2013; Dewi, Amalia, & Mel, 2016; Madkour, Kamil, & Nasr, 2012; 

Rafiqul, Jalal, & Alam, 2005; USDA, 2019), probably because in this 
work the culture conditions have been previously optimized to maxi-
mize protein content. The Spirulina biomass protein content obtained in 
this work may be considered very high, especially when compared to 
non-microbial commercial proteins sources, such as legumes (up to 
40%) (Bennetau-Pelissero, 2019), powdered milk (35%), fish (up to 
25%), poultry (up to 22%), meat (up to 21%), cereals (up to 14%), eggs 
(12%), and milk (3%) (Ahmad, Imran, & Hussain, 2018; Moorhead, 
Capelli, & Cysewski 2011), suggesting that the large-scale production of 
Spirulina biomass would be a lucrative alternative to conventional 
protein sources. Moreover, microalgae-based proteins have been re-
ported to show several advantages over other currently used protein 
sources. Microalgae-based proteins have lower land requirement for 
production (<2.5 m2/kg protein) compared to animal-based proteins 
(47–64 m2/kg protein for pork, 42–52 m2/kg protein for poultry, 
144–258 m2/kg protein for beef) or even plant-based proteins (3.26 
m2/kg soybean meal, 2.85 m2/kg pea protein meal) (Caporgno & 
Mathys, 2018; Smetana, Sandmann, Rohn, Pleissner, & Heinz, 2017). 
Furthermore, the nutritional quality of microalgae-based proteins is 
higher or equivalent to non-microbial commercial proteins sources. 

The amino acid profile of Spirulina biomass is presented in Table 2. A 
similar profile has been reported by Becker (2007) for S. maxima. Among 
non-essential amino acids, it is noteworthy the high contents of glutamic 
(20.1%) and aspartic acids (21.6%) (Table 2), which provides appreci-
ated umami flavor (Dewi et al., 2016). For essential amino acids, the 
chemical scores were calculated (Fig. 1), using as reference the values 
recommended by FAO/WHO (1985), and all amino acids had a chemical 
score above 99%, characteristic of a high-value protein. Histidine had 
the lowest chemical score, which is in accordance with data from USDA 
(2019). For the sake of comparison, the chemical scores of soybeans (a 
common protein source in vegan diets) and whole-wheat flour (the 
major protein source in control biscuits) were also calculated, using 
amino acid content data from the literature (Goldflus, Ceccantini, & 
Santos, 2006; USDA, 2019). The sulphur amino acids methionine and 
cystine, which are known to be limiting in legumes, such as soybeans 
(Mariotti, 2017), had a chemical score of 134%, indicating that this 
biomass would be nutritionally relevant, especially for vegan diets. 
Moreover, the replacement of whole-wheat flour with Spirulina biomass 
for biscuits production not only would enrich the product in terms of 
protein content but also maintain its protein quality. If white wheat flour 
were to be employed for biscuits production, the incorporation of 
Spirulina biomass would improve both protein content and quality, as 

Table 1 
Proximate composition and mineral profile of dried Spirulina 
biomass (on a dry weight basis).  

Component Content   

Proximate compositiona 

Proteins (g/100 g) 80.00 ± 1.49 
Ashes (g/100 g) 11.67 ± 0.72 
Lipids (g/100 g) 7.63 ± 1.87 
Carbohydrates (g/100 g) 0.69 
Energy value (kcal/100 g) 391.49   

Minerals (mg/100g)b 

Sodium 1762.1 ± 73.5 
Potassium 2379.4 ± 93.5 
Calcium 51.9 ± 3.2 
Magnesium 284.1 ± 23.5 
Zinc NDc 

Copper ND 
Iron 49.8 ± 1.6 
Manganese 1.3 ± 0.04 
Phosphorous 1000.0 ± 102.6  

a Mean values ± standard deviation (n = 3). 
b Mean values ± standard deviation (n = 4). 
c Not detected. 

Table 2 
Amino acid profile of dried Spirulina biomassa.   

Content (%) 

Essential 
Leucine/Isoleucine 7.9 ± 0.6 
Threonine 5.3 ± 0.3 
Phenylalanine 3.9 ± 0.3 
Valine 3.6 ± 0.3 
Lysine 2.7 ± 0.3 
Methionine 2.5 ± 0.2 
Histidine 1.5 ± 0.1 
Tryptophan NDb   

Non-essential 
Aspartic acid/Asparagine 21.6 ± 0.6 
Glutamic acid/Glutamine 20.1 ± 0.8 
Tyrosine 12.8 ± 2.4 
Serine 5.1 ± 0.3 
Arginine 4.8 ± 0.4 
Proline 3.6 ± 0.2 
Alanine 2.9 ± 0.2 
Glycine 1.4 ± 0.1 
Cystine 0.1 ± 0.3  

a Mean values ± standard deviation (n = 3). 
b Not detected. 
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the limiting amino acids of white wheat flour (lysine and methionine +
cysteine) (Gorissen et al., 2018) were found in higher chemical scores in 
Spirulina biomass (Fig. 1). Furthermore, phenylalanine + tyrosine, 
threonine and valine, which are non-limiting essential amino acids in 
both wheat flours, were also observed in higher amounts in Spirulina 
biomass. 

The ash content found in this work (11.7%) (Table 1) is close to that 
reported for S. platensis biomass (10.7%) (Michalak, Mironiuk, God-
lewska, Trynda, & Marycz, 2019). Lower values have been reported for 
commercial S. platensis (6.2%) (Da Silva et al., 2019), whereas higher 
contents were reported for S. maxima (31.9%) (Batista et al., 2013). The 
most abundant minerals in Spirulina biomass were potassium, sodium, 
phosphorous, magnesium, calcium, and iron (Table 1). Batista et al. 
(2013) and Michael, Kyewalyanga, & Lugomela (2019) reported iron 
contents of 9.4 mg/100 g and 23.8 mg/100 g, respectively for Spirulina 
spp. biomass, much lower than that found in the present work (49.8 
mg/100 g). Moreover, this iron content is substantially higher than that 
of cereals (up to 25 mg/100 g), which are usually considered good 
sources of this micronutrient (Salmeán et al., 2015). Considering that 
vegans and vegetarians are prone to developing iron deficiency anemia, 
food supplementation with Spirulina biomass would be nutritionally 
relevant for these individuals. 

Spirulina biomass lipid content was 7.6% (Table 1), similar to that 
reported by Becker (2007) (6–7%) for S. maxima and higher than re-
ported by Batista et al. (2013) (3.6%), Da Silva et al. (2019) (0.2%) and 
Michalak et al. (2019) (0.6%) for Spirulina spp. Spirulina biomass con-
tained 59.1% and 40.9% of saturated and unsaturated fatty acids, 
respectively (Table 3), in agreement with previous works (Mühling, 
Belay, & Whitto, 2005; Batista et al., 2013; Sharoba, 2014). Spirulina 
biomass lipids could be nutritionally relevant mainly due its high 
unsaturated/saturated fatty acids ratio (0.7), its high content of poly-
unsaturated fatty acids (32.7%) and the presence of γ-linolenic acid 
(GLA), which rarely occurs in vegetable oils (Gunstone, 2006). Spirulina 
biomass presented 13.8% of GLA (Table 3), which has been associated 
with several beneficial health effects, such as lowering of 
LDL-cholesterol and anti-inflammatory effects (Van Hoorn, Kapoor, & 
Kamphuis, 2008). 

Spirulina biomass showed a very low carbohydrate content (0.7%) 

(Table 1), lower than that reported in the literature for Spirulina spp. 
(from 13 to 16%) (Becker, 2007). These variations may be associated to 
differences among Spirulina species, strains, methods of analysis, cul-
ture systems and cultivation conditions. When compared to plant-based 
protein sources, such as legumes, it should be noted that Spirulina 
biomass not only has a much lower carbohydrate content, but its cell 
wall is composed of thin and fragile peptidoglycan cell walls (Becker, 
2004). Both factors favor Spirulina biomass protein digestibility (up to 
90%) (Becker, 2004), which is almost as high as that of animal protein 
sources (e.g. 95% for milk and cheese and 94% for meat and fish) and 
higher than that of plant foods (e.g. 86% for soy flours and 78% for 
beans) (FAO, 1985). 

3.2. Spray-drying microencapsulation allowed 20% addition of Spirulina 
biomass in biscuits without sensorial quality loss 

As discussed, Spirulina biomass is a promising food ingredient due to 
its nutritional composition, especially high-quality proteins and iron. 
However, its inclusion in food products such as biscuits may lead to loss 
of sensorial acceptance associated with the occurrence of off-flavors. In 
fact, substitution of wheat flour with 15% non-encapsulated Spirulina 
biomass (SB15%) caused decreases in all sensory attribute scores (e.g. 
18% and 24% for overall acceptability and purchase intent, respec-
tively) compared to CB (Table 4). Özyurt et al. (2015) also observed loss 

Fig. 1. Chemical score of amino acids from the Spirulina biomass ( ) proteins, 
calculated by dividing the experimental amino acids profiling results and that of 
used as reference by FAO/WHO (1985) for adults. The chemical score of amino 
acids from soybean ( ) (Goldflus et al., 2006), whole-wheat flour ( ) (USDA, 
2019) and white wheat flour ( ) (Gorissen et al., 2018) proteins were included 
for comparison. 

Table 3 
Fatty acid profile of dried Spirulina biomassa.   

Content (%) 

Saturated fatty acids 
C16:0 (palmitic acid) 57.0 ± 4.6 
C18:0 (stearic acid) 2.1 ± 0.4   

Monounsaturated fatty acids (MUFAs) 
C16:1 n7 (palmitoleic acid) 2.2 ± 0.2 
C18:1 n9 (oleic acid) 6.0 ± 0.7   

Polyunsaturated fatty acids (PUFAs) 
C18:2 n6 (linoleic acid) 16.0 ± 0.7 
C18:3 n6 (γ-linolenic acid, GLA) 13.8 ± 0.4 
C18:3 n3 (α-linolenic acid, ALA) 1.3 ± 0.1 
C20:2 n6 (eicosadienoic acid) 1.6 ± 0.2   

Total saturated fatty acids 59.1 
Total MUFAs 8.2 
Total PUFAs 32.7 
Total unsaturated fatty acids 40.9 
Unsaturared/saturated fatty acids ratio 0.7  

a Mean values ± standard deviation (n = 3). 

Table 4 
Sensory acceptance and purchase intent scoresa of control biscuits (CB) and 
Spirulina biscuits produced by substituting wheat flour with 5% (SB5%), 10% 
(SB10%) and 15% (SB15%) of Spirulina biomass.   

CB Spirulina biomass 

SB5% SB10% SB15% 

Appearanceb 7.04a 6.34b 6.81a 6.01b 

Aromab 6.92a 7.07a 6.72ab 6.35b 

Tasteb 6.72ab 7.22a 6.50b 5.42c 

Textureb 5.95b 6.96a 6.03b 4.26c 

Overall acceptability b 6.69a 6.87a 6.41a 5.47b      

Purchase intentc 3.37a 3.80b 3.26a 2.56c  

a Mean values (n = 100); means in the same row with different superscript 
letters are significantly different (ANOVA followed by Tukey’s post-test, p <
0.05). 

b Nine-point scale (from 1 = dislike extremely to 9 = like extremely). 
c Five-point scale (from 1 = certainly would not buy to 5 = certainly would 

buy). 
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of sensory acceptance for pasta enriched with 15% of S. platensis when 
compared to control. Substitution of wheat flour with 5% and 10% of 
Spirulina biomass (SB5% and SB10%) did not affect most sensorial at-
tributes, suggesting that there is a limit around of 10% if biscuits were to 
be industrially produced. Other studies also found that in order to have 
satisfactory sensorial quality, Spirulina biomass addition to food prod-
ucts had to be limited. For biscuits, the addition of S. platensis biomass 
(5.0%–6.0%) negatively affect sensorial acceptance (Batista et al., 2017; 
Bolanho et al., 2014), while addition of very low quantities of S. platensis 
biomass (0.3%–0.9%) did not affect sensorial acceptance (El Baky, El 
Baroty, & Ibrahem, 2015). For other food products, Spirulina sp biomass 
addition at 2.6% (snacks) (Lucas et al., 2018) and S. maxima addition at 
2.0% (pasta) (Fradique et al., 2010) did not also impair sensorial quality. 

The substitution of wheat flour with Spirulina biomass at 10% in 
biscuits formulation would not allow the allegation of nutritional 
enrichment for this product. To allow higher substitutions, the negative 
effect that Spirulina biomass had in biscuits sensorial quality needed to 
be tackled. Therefore, we microencapsulated the biomass by spray- 
drying using OSA starch as wall material and a second set of biscuit 
samples, including biscuits produced with 20% of microencapsulated 
Spirulina biomass (MSB20%), were sensorially evaluated (Table 5). 
Taste and purchase intent scores of MSB20% were similar to that of 
control and higher than that of SB20% (Table 5), indicating that spray- 
drying microencapsulation of Spirulina biomass had a positive effect on 
sensorial quality, probably because off-flavors were masked. The choice 
of OSA starch as wall material was probably important, as this modified 
starch is known for its excellent retention of volatiles and lipid soluble 
flavor compounds (Li, 2014). In terms of instrumental color, Spirulina 
biscuits were darker, greener and bluer than CB (Table 6), probably due 
to the presence of chlorophylls (green pigment) and phycocyanin (blue 
pigment) in this microalga (Lukavský & Vonshak, 2000). Total color 
difference (ΔE) was higher than 5.0, indicating that the addition of 
Spirulina biomass, whether or not microencapsulated, had an evident 
effect on biscuits color (Obón, Castellar, Alacid, & Fernández-López, 
2009). Color is an important quality attribute for food industries as it has 
an immense influence on consumers choice and preferences (Pathare, 
Opara, & Al-Said, 2013), but these differences did not affect overall 
acceptability of biscuits, despite of slightly decreasing the appearance 
scores upon Spirulina addition (on average 9%) (Table 5). 

The sensory scores for MSB20% ranged from 5.7 (texture) to 7.1 
(aroma), with overall acceptability of 6.6, which indicate that attributes 
varied from “like slightly” to “like regularly”. The acceptance index for 
the overall impression of CB, SB20% and MSB20% was 76.2%, 75.2% 
and 79.2%, respectively. According to Dutcosky (2007, p. 531), products 
that show at least 70% of acceptance have potential to be successful in 
the food market. Therefore, microencapsulation allowed addition of 
Spirulina biomass at higher amounts, without sensorial loss, than 

previously reported in the literature. 

3.3. Spirulina addition to biscuits led to a 40% increment in proteins of 
high biological value and a claim as a nutritional source of iron 

As expected, there were no differences for protein, lipid and ash 
contents between SB20% and MSB20% (Fig. 2) since ingredients were 
proportionally added for both formulations (Supplementary Table 2). 
The energy values of our biscuits (396, 389 and 391 kcal/100 g for CB, 
SB20% and MSB20%, respectively) were lower than those reported for 
other vegan biscuits (455 kcal/100 g) (Batista et al., 2017) due to the 
lower proportion of fat used in our formulation in comparison to theirs. 

The incorporation of Spirulina biomass led to a nutritional 
improvement in biscuits, increasing proteins contents by 40%, on 
average (CB = 8.05 g/100 g; SB20% = 11.7 g/100 g; MSB20% = 10.8 g/ 
100 g; Fig. 2). In general, this increment is higher than those reported in 
the literature. Batista et al. (2017) reported a 59% increase in proteins 
contents when biscuits were prepared by substituting 12% of wheat 
flour with freeze-dried S. platensis biomass. Incorporation of 1% 
spray-dried microencapsulated S. platensis biomass in yogurt led to an 
increment of 15% in proteins content (Da Silva et al., 2019). Fradique 
et al. (2010) reported no increment in proteins content when pastas 
were added with 2% (w/w) of dried S. maxima biomass. Commercial 
biscuits usually have low protein content, which highlights the impor-
tance of using alternative sources of nutrients (Bolanho et al., 2014), 
such as microalgae. In this work, the consumption of one portion of 
biscuits (30 g) added with Spirulina biomass would contribute from 5.8 
to 6.3% of the recommended dietary allowance (RDA) for protein for a 
70 kg adult (DRI). In terms of protein quality, CB biscuits had a high 
chemical score (98%), which was estimated from the amino acid profiles 

Table 5 
Sensory acceptance and purchase intent scoresa of control biscuits (CB), Spir-
ulina biscuits (SB20%) and microencapsulated Spirulina biscuits (MSB20%).   

CB Spirulina biomass 

SB20% MSB20% 

Appearanceb 7.11a 6.38b 6.62b 

Aromab 7.46a 7.15a 7.09a 

Tasteb 7.02a 5.98b 6.87a 

Textureb 5.40a 5.63a 5.69a 

Overall acceptabilityb 6.68a 6.46a 6.60a     

Purchase intentc 3.43a 2.99b 3.42a  

a Mean values (n = 101); means in the same row with different superscript 
letters are significantly different (ANOVA followed by Tukey’s post-test, p <
0.05). 

b Nine-point scale (from 1 = dislike extremely to 9 = like extremely). 
c Five-point scale (from 1 = certainly would not buy to 5 = certainly would 

buy). 

Table 6 
Instrumental color of control (CB), Spirulina (SB20%) and microencapsulated 
Spirulina (MSB20%) biscuitsa.   

CB SB20% MSB20% 

L* 28.77a 25.58b 25.89b 

a* 8.19a 2.85b 1.72c 

b* 11.09a 5.71b 5.76b 

ΔEb – 8.2 8.9  

a Values are expressed as mean ± standard deviation (n = 3); letters indicate 
significant differences among means (ANOVA followed by Tukey’s post-test; p <
0.05). CIELab color space was used to determine coordinates L* (black to white), 
a* (green to red) and b* (blue to yellow). 

b Total color difference in comparison to CB. 

Fig. 2. Proximate composition of control (CB, ), Spirulina (SB20%, ) and 
microencapsulated Spirulina (MSB20%, ) biscuits. Values are expressed as 
mean ± standard deviation (n = 3); letters indicate significant differences 
among means (ANOVA followed by Tukey’s post-test; p < 0.05). 
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of whole wheat flour and cocoa powder. This value is achieved because 
the limitation of lysine in wholewheat flour (Fig. 1) is compensated by 
the presence of cocoa powder, which is rich in this amino acid. 
Considering the amino acid profile of Spirulina biomass (Table 2), its 
incorporation not only increased protein content but also maintained 
protein quality, since the chemical score of SB20% and MSB20% biscuits 
remained close to 100%. 

Incorporation of Spirulina biomass increased ash contents by 70%, 
on average (CB = 2.66 g/100 g; SB20% = 4.64 g/100 g; MSB20% = 4.39 
g/100 g; Fig. 2), much higher than the highest increment previously 
reported in the literature (7%) (Da Silva et al., 2019). Based on the iron 
content of the biscuits’ ingredients (USDA, 2019) and of the Spirulina 
biomass (Table 1), its addition increased iron contents by an estimate of 
54%. While one portion (30 g) of CB represent 10% and 23% of the RDA 
for iron for premenopausal women and men (DRI), respectively, the 
same portion of biscuits added with Spirulina biomass, represent 16% 
and 35%. In terms of labeling, the amount of iron in one portion of 
biscuits added with Spirulina biomass (2.77 mg) would allow the use of 
a “source of iron” claim, as this amount represents more than 15% of the 
Nutrient Reference Value for iron (2.1 mg). Although biscuits produced 
with Spirulina biomass had an estimated 66% increment in sodium 
content compared to CB, one portion would represent only 4% of the 
recommended limit for chronic disease risk reduction. Moreover, 
sodium-potassium ratio of Spirulina biscuits would be 0.34, very close to 
the ratio recommended by dietary guidelines of 0.32 (DRI). 

There was no difference in lipids contents among CB (1.36 g/100 g), 
SB20% (1.60 g/100 g) and MSB20% (1.55 g/100 g) (Fig. 2). Never-
theless, the fatty acid profile of Spirulina biomass, that is its high un-
saturated/saturated ratio and its high contents of polyunsaturated fatty 
acids, especially γ-linolenic acid, could improve the nutritional value of 
biscuits. Regarding carbohydrates, biscuits added with Spirulina had 
lower contents (SB20% = 82.0 g/100 g; MSB20% = 83.3 g/100 g) than 
CB (87.9 g/100 g) (Fig. 2). Batista et al. (2017) and Lucas et al. (2018) 
also reported a decrease in carbohydrates content when S. platensis and 
Spirulina sp biomass was added to cookies and snacks, respectively. The 
observed decrease is related to the removal of whole wheat flour, which 
is very rich in carbohydrates (76%) (USDA, 2019), especially starch, and 
would be even higher if OSA starch had not been included in the 
formulation of Spirulina biscuits. In this context, it is noteworthy that 
OSA starch has digestive properties different from that of native starch, 
such as slower digestion, being considered as a functional fiber benefi-
cial to human nutrition (Sweedman, Tizzotti, Schäfer, & Gilbert, 2013). 

4. Conclusions 

Spirulina biomass may be considered as a promising food ingredient 
due to its high contents of high-quality protein (80% with a chemical 
score of 99%), minerals, mainly iron, and unsaturated fatty acids, 
especially γ-linolenic acid (GLA). Once microencapsulated by spray- 
drying using OSA starch as wall material, 20% of Spirulina biomass 
could be added to biscuits without loss of sensorial quality, a higher 
amount than previously reported in the literature. This technological 
approach led to the production of biscuits with 40% more proteins and 
that could have a claim as a nutritional source of iron. Considering its 
wide use and low cost, spray-drying encapsulation emerges as a suc-
cessful strategy to employ microalgae for nutritional enrichment by the 
food industry. 
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