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Practical Applications

Microalga incorporation in regularly eaten products as 
pasta is another viable strategy to increase the intake of healthy 
compounds. The incorporation of 2 % of Chlorella luteoviridis 
biomass powder in pasta did not affect cooking quality and the 
high drying process enhancing the carotenoid bio-accessibility 
and decreased the carotenoid loss during cooking. After cooked, 
the high temperature dried pasta with incorporation of Chlorella 
luteoviridis presented a carotenoid content 3.5 times higher 
than in the cooked fresh pasta. As microalgae biomass is highly 
concentrate in bioactive compounds, it can be added in low 
quantities, without negative effects in technological proprieties of 
the pasta.

Introduction

Pasta is one of the simplest cereal products and is present in 
the human diet for millennia. Evidence show that noodles exist in 
China since at least 3000 BC [1]. It is very versatile: can be served 
as the main dish or as a side one, and can be produced in different 
formats, sizes and colors. Pasta has high acceptability, low cost, 
and it is easy to prepare. Additionally, the technology involved in  

 
its production is also simple [2]. It is a good source of complex 
carbohydrates and a moderate source of protein and some 
vitamins. Pasta is a good seller even in bad economic times [3].

Since the second half of the 20th century, great changes in 
world’s diet have been happening in industrial regions as well in 
developing countries.  Changes in food habits worldwide include 
higher energy density diets with higher amounts of sugars and fats, 
mainly saturated fats, and lower intake of complex carbohydrates, 
dietary fiber, fruits and vegetables. The majority of the world’s 
population does not consume the daily recommended intake of 
fruits and vegetables. However, as the increase in urbanization 
tends to reduce the consumption of primary food, on the other 
hand, it facilitates the access to a diverse and varied diet [4]. 
Some studies pointed out that usually people are aware of the 
benefits of the intake of fruits and vegetables, but, even so, do not 
eat the recommended amount [5]. Considering this scenario, the 
incorporation of ingredients with high nutritional value into food 
with high rates of consumption, such as pasta, is a viable strategy 
to increase nutrients intake.
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Pasta enriched with vitamins and minerals is a cheap way to 
improve people’s diet [2]. Nevertheless, usually only pasta with 
small number of vegetables with the purpose of coloring are 
found in market. Only recently, studies on pasta enrichment with 
vegetables in amounts that provide the recommended intake, 
or the recommended dietary allowance has been reported [6]. 
However, the incorporation of high amounts of vegetables in 
pasta can weaken the protein network, leading to a product with 
poor quality, with low texture properties and high cooking loss. 
The addition of hydrocolloids with high water binding capacity, 
such as xanthan gum [7] and the use of high temperature drying 
[8] in pasta production can improve the quality of fortified pasta. 
Compared to low-temperature drying process, high-temperatures 
result in better color and firmness, lower cooking loss and less 
stickiness, bulkiness and adhesiveness [9]. When pasta is dried 
at high temperatures, the protein network is formed in the 
raw pasta before starch hydration in boiling water, resulting 
in a good quality product, because starch is surrounded by the 
coagulated protein network. The quality of the raw materials is 
less important in this case. However, at low temperatures drying, 
both starch gelatinization and protein coagulation happen during 
boiling. In this case, the quality of proteins in the raw material is 
very important in order to maintain the final product expected 
quality [10].

Microalgae incorporation is a viable possibility to increase 
food nutritional value without compromising technological and 
sensory properties. These organisms are rich in nutrients such as 
carotenoids, vitamins and polyunsaturated fatty acids and small 
quantities applied in food are enough to bring good benefits [11]. 
The genus Chlorella, for example, is associated with several health 
benefits because of its high content of bioactive compounds, such 
as antioxidant compounds: β-carotene, chlorophyll, α-carotene, 
α-tocopherol, ascorbic acid, lycopene, lutein, zeaxanthin, trace 
elements such as zinc, copper, and magnesium [12]. Chlorella 
luteroviridis biomass was reported to be rich in carotenoids, 
mainly lutein, zeaxanthin, β-carotene and α-carotene; and its 
lipids possess a high proportion of omega 3 fatty acids. Depending 
on the culture conditions, the omega 6 to omega 3 (ω6:ω3) ratio 
in C. luteoviridis lipids can be as lower as 1.37, and the protein 
mass fraction ranges between 10 % and 30 % of the dry biomass 
[13]. There are several biological benefits associated to ω3 
fatty acids consumption, as prevention of chronic inflammatory 
diseases, rheumatoid arthritis, inflammatory bowel diseases, 
cardiovascular disease, Alzheimer’s disease, and decreasing the 
risk of depression, among others [14]. A review on several studies 
pointed that lutein and zeaxanthin play critical roles in delaying 
the onset and reducing the risk of cataract and age-related 
macular degeneration, both of which are responsible for 56 % of 
all cases of blindness globally [15].

However, in order to achieve the nutritional recommendation 
of certain nutrients in pasta, components losses must be 
considered. For example, hydrophilic vitamins and phytochemicals 
are very likely to be leached to the cooking water and drying can 

cause degradation of heat sensitive bioactive compounds. A strong 
gluten network, however, can minimize these losses [6]. 

This study investigated the effect of drying temperature on 
carotenoid retention in pasta enriched with Chlorella luteoviridis 
biomass. Low temperature (LT) drying (50 °C) and high 
temperature (HT) drying (75-80 °C) were tested. The cooking 
quality, the color and the carotenoid content were evaluated, and 
the main carotenoids were identified.

Materials and Methods

Chlorella luteoviridis biomass powder 

The microalga Chlorella luteoviridis was cultured in 2.4-L flat-
plate airlift photobioreactors at 28 °C, using modified f/2 medium 
(600 mg/L NaNO3) as described elsewhere [16,17]. At the end 
of the culture, the whole content of the photobioreactor was 
centrifuged to separate the microalga biomass from the culture 
medium, and the biomass was lyophilized to obtain the Chlorella 
luteoviridis biomass powder (Chl-powder)

Pasta manufacture

The pasta was made by mixing 500 g of bread wheat flour 
(protein 11.5 %, ash 0.61 %, moisture 14.1 %), 170 mL of water 
and 10 g of Chl-powder for 10 min using an industrial mixer 
(G.Paniz, Mod 90334, Brazil) to obtain an homogeneous dough. 
The dough was extruded in the same equipment (40 ± 2 °C) 
through a die to obtain the fettuccini shaped pasta.

At the extruder exit, the pasta was manually cut into 100 
mm length, hanged in a pasta rack and allowed to dry for 20 min. 
The product was then packed in plastic bags and stored under 
refrigeration (4 °C). To define the drying conditions, two pre-tests 
were performed. In the first one, the pasta was pre-dried at 40 °C 
for 1 h, allowed to rest for 30 min (27 °C and 85 % RH), and then 
dried at 75-80 °C for 35 min. In the other trial, the whole drying (1 
h 35 min) was held at 75-80 °C with 30 min resting stage at 27 °C 
and 85 % RH in the middle of the drying process. The cooking loss 
was measured for both trials and, as there was no difference in 
this aspect, it was defined that no pre-drying would take place for 
the purpose of this study. Thus, the real effect of each temperature 
tested could be observed. Thereby, pasta samples were dried at 
two drying conditions, HT (high temperature, 75-80 °C and 75 % 
HR) or LT (low temperature, 50 °C and 81 % HR). 

Pasta samples (fettuccini about 2.0 mm thickness, 100 mm 
length) were dried in a tray batch dryer until the moisture of 
pasta reached about 12 g per 100 g, wet basis. Both of them had a 
resting stage of 30 min at 27 °C and 85 % HR at the middle of the 
drying process. In addition, the drier was cooled to 30 °C before 
the pasta was removed to avoid a “thermal chock” and consequent 
pasta cracking. 

At the end of the pasta preparation, six pasta samples 
were analyzed: uncooked fresh pasta (UF), cooked fresh pasta 
(CF), uncooked low temperature dry pasta (ULT), cooked low 
temperature dry pasta (CLT), uncooked high temperature dry 
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pasta (UHT), cooked high temperature dry pasta (CHT).

Moisture and pasta cooking properties 

Fresh and dry pasta moisture were determined drying 5 g of 
fresh pasta at 110 °C until constant weight [18]. Optimum cooking 
time (OCT), cooking loss, water absorption and volume gain were 
determined using the methodologies of the American Association 
of Cereal Chemists, Official Methods 16-50 and 16-51 [19]. The 
cooking proprieties were determined using 10 g of pasta sample 
broken into 5-cm pieces and cooked in 170 mL of boiling distilled 
water. The time when the inner white core of the pasta disappeared 
was identified as the OCT (al dente point). The cooking loss, the 
water absorption and the volume gain were determined at the 
optimum cooking time and expressed as a percentage of the raw 
pasta. All the tests were carried in triplicate.

Total carotenoids

The total carotenoids were extracted using ethanol 95 % and 
analyzed spectrophotometrically [20]. The pasta samples (CF, UF, 
CHT, UHT, CLT and ULT) were lyophilized and grinded using gral 
and pistil. An aliquot of 10 mL of 95 % ethanol was added to 0.5 
g of pasta sample, mixed in a vortex agitator and stored overnight 
in dark (4 °C). The next day, all tubes were centrifuged (Sigma 
Laboratory Centrifuge 4K15) for 20 min and the supernatant was 
read in a spectrophotometer (Amersham Biosciences, Ultrospec 
3100 Pro) at 664 nm (DO664), 649 nm (DO649) and 470 nm 
(DO470). The following equations were used to determine 
chlorophyll a (C_a, mg L-1), chlorophyll b (C_b, mg L-1) and total 
carotenoids (C_Ct, mg L-1). The final results were expressed in 
micrograms of carotenoids per gram of dry pasta (µg g-1).

664 64913.36 5.19aC DODO DO= × − ×     (Equation 1)

470 66427.43 8.12bC DO DO= × − ×     (Equation 2)

4701000 2.13 97.64
209

a b
ct

DO C CC × − × − ×
=    (Equation 3)

Carotenoid’s identification and quantification

The carotenoid extracts were prepared according to the 
method described by Mercadante and Rodrigues-Amaya [21]. 
The carotenoids were extracted from the lyophilized CHT sample 
using acetone and saponificated with 10 % KOH in methanol. The 
extract was concentrated in rota-evaporator under vacuum (T 
< 35 °C), dried in nitrogen flux and stored (-18 °C) for posterior 
analysis by high-efficiency liquid chromatography - HPLC.

The samples were analyzed by HPLC (Waters Alliance® 
E2695) using a reversed phase column C30 (250 mm × 4.6 mm ID, 
3 µm, YMC, model CT99SO3-2546WT) [22]. Previous to injection, 
the samples were diluted in methyl tert-butyl-ether (MTBE) and 
methanol, put in the ultrasound (Unique, USC 1400) and filtered 
(Millex LCR 0.45, 13 mm). The injection volume was 20 µL. The 
mobile phase was water/methanol/MTBE with a flow rate of 1 mL 
min-1 in a total running time of 67 min. Carotenoids were detected 
at a wavelength of 450 nm and identified based on retention time 
compared with reference materials. 

Color

Color analyses were performed with a Hunter Lab Colorimeter 
(MiniScan XE Plus, Reston, VA). Color was expressed in L*, a*, 
b* Hunter scale parameter. Results were expressed as color 
differential (∆E) between fresh and cooked pasta (Equations 4-8). 
Results are the means of independent duplicate determinations. 

2 2 2E L a b∆ = ∆ + ∆ + ∆     (Equation 4)

*
  

*
sample coofre keds samph leL L L∆ = −    (Equation 5)

*
  

*
sample coofre keds samph lea a a∆ = −    (Equation 6)

*
  

*
sample coofre keds samph leb b b∆ = −   (Equation 7)

Results and Discussion
Table 1: Moisture and cooking properties for uncooked fresh pasta (UF), uncooked low temperature dry pasta (ULT) and uncooked high temperature 
dry pasta (UHT).

Moisture
(%)

OCT  
(min)

Cooking loss (g/100 g 
pasta)

Water absorption (g/100 g 
pasta) Volume gain (g/100 g pasta)

UF 29.35 ± 0.07 5.0 ± 0.1a 11.7 ± 1.4a 198 ± 12a 107.0 ± 0.5a

ULT 13.23 ± 0.13 8.0 ± 0.2b 9.86 ± 0.05a,b 225 ± 02a 106.5 ± 1.0a

UHT 11.16 ± 0.03 7.5 ± 0.5b 6.73 ± 0.34b 212 ± 08a 107.1 ± 0.5a

Results indicate mean values ± SD. Means with the same letter in the same column are not significantly different (Tukey test, p≤ 0.05).
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Pasta cooking quality parameters and moisture evaluated 
in this study are reported in Table 1. There was statistically 
significance difference in optimum cooking time for UF and the 
dried samples. The higher moisture of UF (~30%) decreases the 
cooking time of the pasta.  The drying conditions had no influence 
on the cooking time of UHT and ULT.

The moisture content for uncooked fresh pasta (UF) and 
uncooked high temperature dry pasta (UHT) pasta were within 
the range stablished by ANVISA [23] for fresh (≤ 35.0 %) and dry 
(≤ 13 %) pasta, respectively. Uncooked low-temperature dry pasta 
(ULT) moisture content was slightly higher than the maximum of 
13 % for dry pasta, probably due water adsorption after drying, 
either before packaging or during samples preparation for 
analysis. 

High-temperature drying lead to a decrease in cooking loss 
compared to fresh pasta. This effect is a consequence of the 
stronger protein network that is formed in the uncooked pasta 
when HT drying is applied  [24] and was also observed in other 
studies: Padalino et al [25] reported an average cooking loss of 
4.25 % for pasta dried at very high temperature (90 °C) and 5.09 
% for pasta dried at low temperature (50 °C); Dexter et al. [26] 
experienced decrease in solid losses in all three semolina samples 
studied when higher temperatures were used, especially in the 
final drying stage. D`Amico et al. [27] reported lower cooking 
loss in gluten-free pasta when higher drying temperatures were 
used. Overall, cooking loss was lower than 12 % for all samples, 
indicating that the amount of flour substituted was not enough 
to damage the gluten network and resulting in a good quality 
pasta [28]. These results were similar to those reported by Léon 
et al. [29] for pasta with incorporation of 20% of spirulina in 
dried bread wheat pasta and for Del Bem et al.  (2012) [30] for 
pasta with substitution of 35 % of wheat semolina by peas and 
chickpeas flours.

No significant difference was noticed between the three 
samples regarding water absorption and volume gain. The 
expected water absorption and volume gains are about 200 % and 
300 %, respectively [31]. Léon et al. [29] reported a smaller water 
absorption (~150 g/100 g pasta) of pastas with incorporation of 5 
% of spirulina. Increase in volume, however, was low considering 
this reference and some other studies on pasta [30-32]. The use of 
bread wheat flour in pasta formulation can explain this result, as 
well as for Léon et al. [29] that reported lower water absorption 
for bread wheat pastas with incorporation of spirulina. If a higher 
protein content flour had been used, as durum wheat semolina 
for example, a stronger gluten network would be formed and, 
consequently, more water would be retained, leading to higher 
increase in weight and volume. 

The fresh, dried and cooked samples were also analyzed 
by their total carotenoids content (Table 2). For uncooked 
samples, UF and UHT pasta had no significant difference, while 
ULT showed higher total carotenoid content. While thermal 
treatment can degrade some nutrients, heat can also increase 
their bioaccessibility [33]. Thus, it can be assumed that in ULT, the 
moderate thermal treatment was enough to increase carotenoids 
bioaccessibility without high losses. However, it is important to 
consider the results for the cooked samples, once this is how people 
consume pasta. The CHT pasta showed the lower carotenoid 
loss, i.e., difference between the uncooked and cooked samples, 
resulting in a final product with higher carotenoids content than 
the cooked fresh pasta (CF) and without significant difference 
to the cooked low-temperature pasta (CLT) sample. Overall, the 
drying process increased total carotenoids bioaccessibility [33], 
however the high temperature drying led to the formation of a 
more compact, dense and strong protein network [24], reducing 
carotenoid losses during cooking.

Table 2: Total carotenoids, carotenoid loss and color variation (DE) in uncooked fresh pasta (UF), cooked fresh pasta (CF), uncooked low 
temperature dry pasta (ULT), cooked low temperature dry pasta (CLT), uncooked high temperature dry pasta (UHT), cooked high temperature dry 
pasta (CHT) incorporated with 2 % of Chlorella luteoviridis biomass powder.

Total Carotenoids (µg g-1) Carotenoid Loss (µg g-1 and %) ∆Ε

UF 13.6 ± 0.7b 11.6 ± 1.0
11.4 ± 1.5a

CF 2.0 ± 0.3d -85.30%

ULT 17.4 ± 0.2a 12.0 ± 0.7
13.0 ± 1.0a

CLT 5.4 ± 0.5c (69.0 %)

UHT 13.2 ± 0.6b 6.2 ± 1.4
17.4 ± 4.7a

CHT 7.0 ± 0.8c (47.0 %)

Results indicate mean values ± SD. Means with the same letter in the same column are not significantly different (Tukey test, p≤ 0.05).

The color differential (∆E) between uncooked and cooked 
pasta samples (Table 2) showed no statistic difference. Fradique 
et al. [34] not found color losses in pasta with addition of 2 % 

of Chlorella vulgares incorporation. They attributed this decrease 
in color to pigment diffusion into cooking water and oxidation 
caused by thermal treatment. 
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The carotenoid identification in the cooked high temperature 
pasta (CHT) showed that the most relevant carotenoids present 
in the pasta enriched with C. luteoviridis biomass powder were 
lutein, zeaxanthin, α-carotene and β-carotene (Table 3). These are 
the same main carotenoids identified in C. luteoviridis biomass in 
previous studies [13,17]. Pasta made with bread flour without 
eggs do not have detectable amounts of these carotenoids [35].

Table 3: Main carotenoids identified in cooked high temperature dry 
pasta (CHT) incorporated with 2 % of Chlorella luteoviridis biomass 
powder.

Carotenoid Content (µg g-1)

all-trans-lutein 2.60 ± 0.26

all-trans-zeaxanthin 0.46 ± 0.07

all-trans-α-carotene 0.95 ± 0.06

all-trans-β-carotene 1.02 ± 0.06

Results indicate mean values ± SD.

Conclusion

The incorporation of 2 % of Chlorella luteoviridis biomass 
powder in bread wheat pasta did not affect cooking quality, 
indicating that the protein network was not damaged by adding 
this small amount of biomass. The drying process increased 
carotenoid bioaccessibility and decreased the carotenoid loss 
during cooking, so as the carotenoid content in the cooked dried 
pasta was 3.5 times higher than in the cooked fresh pasta. 

The use of microalga to increase the nutritional value of 
pasta is a viable technology. As microalgae biomass is highly 
concentrate in bioactive compounds, it can be added in low 
quantities, without negative effects in technological proprieties 
of the pasta. Additional studies are now necessary to evaluate 
consumer´s acceptance.
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