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ARTICLE INFO ABSTRACT

Article History: Marine algae are considered a source of different bioactive constituents
Received: April 10, 2023 including protein, oil, fiber, vitamins, pigments and dietary minerals. To
Accepted: May 7, 2023 evaluate the fine chemical and biochemical properties of the marine
Online: May 12, 2023 microalga Nannochloropsis oculata and macroalga Ulva lactuca, the present
study was carried out. The cultivated N. oculate and the collected U.

lactuca were washed, oven-dried, ground and subjected to analysis of moisture,
protein, fats, carbohydrates and ash. In addition, macro and micro-nutrients,
amino acids profile, fatty acids methyl ester and pigments were
assessed. The moisture  content  of U.  lactucawas  higher  (13.25
%) than N. oculata (3.5 %). Protein, oil and fiber contents were significantly
higher (P<0.05) in N. oculata than in U. lactuca and ranged between 32.19 %
and 20.44 %, 10.29 % and 0.65 %, 11.91 % and 8.61 %, respectively, based on
dry weight. Total phytochemical chlorophyll in U. lactuca (5.97ug/ml) was
more than inN. oculata (1.18ug/ml). The dominant dietary element
in N. oculata was P (24000 mg/kg), while Ca (48300 mg/kg) was dominant
in U. lactuca. The trace dietary minerals (Fe, Mn and Cu) were significantly
higher in U. lactuca than in N. oculata. Both algae proteins had 17 (N. oculata)
and 16 (U. lactuca) amino acids, seven of them being non-essential amino
acids, which accounted for 40.01 and 48.75 g/100g, respectively. Saturated and
unsaturated fatty acids represented 45.13 and 54.87%; 68.95 and 31.05% of the
fat of N. oculata and U. lactuca, respectively. Polyunsaturated fatty acids were
more evident in N. oculata (31.36%) than in U. lactuca (3.81%).
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The search for new sustainable sources of food has become necessary, especially
with the continued increase in the number of populations around the world. Marine algae
(macro or microalgae) can be considered one of the sustainable sources of food. In
general, algae can be grown and produced in brackish or freshwater systems utilizing a
wide range of water type, carbon source and nutrient concentrations (El-Sayed et al.,
2008, 2010, 2011, 2012, 2015; Battah et al., 2013; El-Kassas et al., 2017; Kamal et al.,
2017; Almutairi et al., 2020; EI-Awady et al., 2020; El-Sayed et al., 2020; Marwa Red
et al., 2020; Almutairi et al., 2021; El-Sayed et al., 2022; Abo El-Khair et al., 2023).
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Currently, there are about 200 algae species that are consumed, of which 22 types
seaweeds such as Ulva sp. have been allowed to be eaten through the European regulation
(Abreu et al., 2014). Also, Nannochloropsis sp. is one of the microalgae that tend to be
applied in healthy foods because it contains some components that the human body
needs, such as fats, vitamins and minerals (Andrés et al., 1992; Bishop & Zubeck,
2012). It is worthily used not only as a food additive (Mohamed et al., 2013; Hassan et
al., 2015), but also as a source of long chain matrix of biologically active ingredients
(Kamal et al., 2017; Abo El-Khair et al., 2022a).

Increasing interest in algae requires increasing attention in controlling its
production systems to obtain it with the highest quality and safety (Pereira et al., 2021).
With the end of the wild or farmed algae production processes, it is harvested, washed
and packaged in various forms, the most important of which is the powder form that is
directed to the food market. Therefore, post-harvest operations are of great importance in
preserving the vital components of algae to benefit from them, as well as reducing
storage, shipping and transportation costs (Abreu et al., 2014).

Some algae are eaten fresh due to their chemical composition and the nature of
their active bio-components. Due to the distinctive characteristics of micro or micro algae
and their high levels of protein, low fat and salt, and the presence of fiber, pigments and
vitamins, all of which have made algae an essential element in the composition of healthy
foods today (Baik et al., 2013; Mithril et al., 2013). The use of algae biomass in many
industries has caused widespread acceptance of these products across the world. It was
found that the addition of algae or their extracts such as alginate and carrageenan as food
additives has important technological effects (Priyadarshani & Rath, 2012; Enzing et
al., 2014; Kim & Chojnacka, 2015; Bux & Chisti, 2016; Ruiz et al., 2016). It was
found that these hydrocolloids have many applications in the field of food,
pharmaceutical and other fields of biotechnology since they improve the gelling and
thickening of the products texture and their stability (Scieszka & Klewicka, 2019).

Egypt is currently seeking to take advantage of its natural resources of algae,
expanding its cultivation to provide cheap protein needed for nutrition to cope with the
population growth. Egypt also seeks to keep pace with the development in the field of
food health and safety by focusing on natural food products and functional ingredients
that improve human health and well-being. Therefore, the interest in algae cultivation in
Egypt and other countries suffering from an increasing population will make it preserve
the natural resources of water and arable land while providing protein and functional
ingredients that can support the quality of food that currently required by the market
(Greene, 2020). Thus, the objective of this study was to evaluate the composition and
properties of two species of algae powder; namely, Ulva lactuca and Nannochloropsis
oculata which further incorporated in food chain.
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MATERIALS AND METHODS

1. Macro and micro-algae
During winter 2021, fresh seaweed (Ulva lactuca) was collected from El-Attaka
port, (Red Sea, Gulf of Suez, 29° 54' 0.76" N 32° 28' 00.4" E). The Chrythophyta alga
Nannochloropsis oculata (NNO-1 UTEX Culture LB 2164) was produced and collected
from the Algal Biotechnology Unit, Biological and Agricultural Research Institute,
National Research Centre, Dokki, Giza, Egypt.
1.1. Growth medium and conditions of N. oculate
For N. oculata, F2 medium (Guillard, 1975) was used for indoor
inoculation, while commercial formula was used for outdoor production. F2
was composed of (g.I") 0.075 NaNOs, 0.005 NaH,PO, H,O and 0.030
Na,Si03.9H,0 with A5 micronutrients solution (1.0 ml.I"). During indoor
growth (inoculum preparation); artificial sea water (pH 8.2) was prepared
from crystal sea salt (35 g.I™). Columns containing N. oculata broth (15 x 7
L) were exposed to continuous light provided from a bank of white
fluorescent lamps (5x40 W), and continuously aerated from gentle air stream
by air left technique. All of the grown cultures were transferred to outdoor
growth (1200 L Zigzag-shape photobioreactor), using artificial formula of
nutrients (El-Sayed et al., 2020). Three weeks later, alga was harvested by
centrifugation at 3588¢g. The collected biomass (Pic. 1-A) was powdered by
freeze-drying (Pic. 1-B), packed in air tight dark packs and stored at ambient
temperature until use.
1.2. Seaweed powder
Fresh U. lactuca (Pic. 1-C) was washed then dried at 50°C for 10 - 12 h in oven
dryer (Pic. 1-D). The dried sample was grinned in electrical grinder then packed in air
tight dark packs and stored at 23+2°C.
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A: Culture of N. oculata, B: Dried N. oculata, C: Fresh U. lactuca, D: Dried U.
lactuca

2. Chemical analysis

2.1. Proximate composition

It (Moisture, protein, and ash constituents) was determined according to AOAC
(2000). Fats were extracted by a mixture of n-hexane: isopropanol (3:2/ v:v) after water
washing and drying; weight differences represented the oil content (%) (Zuta et al.,
2003). Carbohydrates were determined by phenol sulphuric method (Dubois et al., 1956)
using glucose as a standard.

2.2. Macro and micro minerals

They were measured after ashing materials and resuspended in 2.0N HCI
(Chapman & Pratt, 1974). Iron, zinc, copper, manganese and magnesium were detected
by atomic absorption, while calcium, sodium and potassium were detected by flame
emission. Phosphorous was spectrophotometrically determined (Murphy & Rilley,
1962), and nitrogen was digested, distilled and determined based on Microkjeldahl
technique (Ma & Zauzag, 1942).

2.3. Amino acids composition

It was determined after protein hydrolysis with 6N HCI at 110°C for 24 hrs, and
the hydrolysate was neutralized with 6N NaOH then derivatized using a kit (AccQ-Fluor
Reagent, WAT052880, Waters) (Mohanty et al., 2012). The prepared hydrolysate
samples were injected in High-Performance Liquid Chromatography (HPLC, 1525,
Waters), equipped with a C18 RP column and a fluorescence detector (2475, Waters).
The composition of amino acids was identified and quantified according the retention
times and peak areas of amino acid standards (WAT088122, Waters).

2.4. Fatty acids methyl esters

They were identified and quantified by methyl esterifying to the extracted oil and
injected in Gas Chromatography (Hewlett Packard model 5890), equipped with FID
detector (300 °C, with 30mL/ min H, and 300mL/ min air) (AOAC, 2000).

2.5. Total Chlorophyll and carotenoid contents

They were spectrophotometrically determined (Mackinney, 1941) after
centrifuging 5ml of algae culture at 6000rpm for 10min and re-suspending the pellet with
equal amount of methanol into a glass tube rested at 55°C in a water bath for about 15min
to extract the pigments. The supernatant was diluted with methanol to a concentration
sufficient for measuring. The absorbance (E) of the samples against blank was read at
650, 665 and 452nm.
3. Statistics analysis

Results were expressed as mean + standard deviation. Paired comparison t-test
analysis was performed to estimate the amount of variation of a set of values, using IBM
SPSS Statistics version 22. All data represent the mean of three replicate experiments (n
=3).
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RESULTS AND DISCUSSION

1. Proximate composition and minerals

The compositions of dried seaweed Ulva lactuca and microalga Nannochloropsis
oculata are presented in Table (1). The moisture content of U. lactuca was higher (13.25
%) than N. oculata (3.5 %). The increase in moisture content might return to relatively
carbohydrates content of Ulva on the expense of oils. Polysaccharides of marine algae
increase the water holding capacity within cells, which in turn, increases the initial
moisture content, where the extrinsic moisturization is mainly formed via the formation
of hydrogen bonds between polysaccharides and the intrinsic moisturizing is mainly
performed by regulating the production of some tight junction proteins (Zhang et al.,
2022). Furthermore, Schmid et al. (2022) stated that the single cell algae (Tetraselmis
chui and Nannochloropsis oceanica) differed in moisture content within the same drying
method.

Table 1. Biochemical composition of N. oculata and U. lactuca.

Component N. oculata U. lactuca
Moisture % 3.50+0.10° 13.25+0.24°
Crude protein (%) 32.19+0.2° 20.44+0.15"
Crude oil (%) 10.29+0.23° 0.65+0.02"
Crude ash (%) 19.41+1.02° 30.88+0.39°
Crude Fiber (%) 11.91+0.09° 8.61+0.12°
Carbohydrates (%) 26.2+0.66" 39.42+0.15°
Total Chlorophyll (ug/ml) 1.18+0.16" 5.97+0.07°
Total carotenoid (ug/ml) 0.34%0.04" 3.34 +0.02°

b | etters denote significant difference in each raw (P<0.05; Paired t-test)

Protein, oil and fiber contents were significantly higher (P<0.05) in N. oculata
than in U. lactuca. Based on dry weight, values were recorded as 32.19 - 20.44 % of total
protein, 10.29 - d 0.65 % of oil content and 11.91 - 8.61 % of fibers, respectively. The
results of U. lactuca in this study are consistent with those of Yaich et al. (2011) for the
moisture content (14.94%), while they differed in protein and oil (8.46% and 7.87%,
respectively). Moreover, Fleurence (1999) added that the protein content in Ulva species
ranged between 10 & 26% according to the season and species. Salehi et al. (2019) stated
that green seaweeds had higher protein content than others. According to Paes et al.
(2016), proteins, lipids and carbohydrates of N. oculata ranged between 17.9 and 30.8%,
17.8 and 33.7%, 23.3 and 29.3%, respectively, depending on the conditions and growth
phase. In this context, nutritional status also defines the fine composition of the grown
algae, where N. oculata grown under different organic carbon sources and fixed other
growth conditions resulted in maximum dry weight with all okara concentrations used
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and lower okara concentration (25%) enhanced, while higher concentration (100%)
reached the maximum chlorophyll content with a completely opposite pattern, observed
with total carotene (Kamal et al., 2017). Furthermore, the high protein content of N.
oculata grown in bagasse waste might be attributed to the high organic carbon nutrition
(El-Sayed et al., 2020).

Following protein, carbohydrates represented the second potent figure. In fact,
algal cells contain about 50% of their dry weight of carbon; however, protein revealed the
maximum constituent; both carbohydrate and oils served as storage metabolites. In the
case of un-favorable conditions (environmental or nutritional), protein content tended to
markedly decrease vice the rise of carbohydrates and/or oils. With respect to the result of
carbohydrates, oil ratio is widely differed based on algae species and stress conditions.
Macroalgae normally contain lower content of oils, compared to microalgae and vise-
versa concerning carbohydrates, where macroalgae showed the highest one.

In the present study, oil content was maximized with N. oculata (10.29%); while
U. lactuca resulted in 0.65% of oil content. For carbohydrate content, the opposite
manner was found, where U. lactuca (39.42 % surpasses N. oculata considering
carbohydrate content (26.2 %).

The U. lactuca contained 8.6% of crude fiber, which was higher than the finding
(5.6%) of Tabarsa et al. (2012). On the other hand, crude fiber was 11.91% in N. oculata
which was lower than those obtained by Matos et al. (2016) who recorded a value of
13.0%. According to @verland et al. (2019), green algae had 10 to 69% crude fibers.
These fibers could improve human health by controlling the digestive tract, blood sugar
and cholesterol levels, and preventing serious diseases like diabetes, obesity and cancer
(Cardoso et al., 2015; Catarino et al., 2018).

The familiar Egyptian macroalga Enteromorpha sp. contains the neighbor
chemical composition of those found in U. lactuca, where 7.06% of total protein, 51.37%
of total carbohydrates and 6.3% of total oils were detected (El-Sayed et al., 2017).

The total phytochemical chlorophyll in U. lactuca (5.97ug/ml) was more than in
N. oculata (1.18ug/ml), which may be due to the differences in light source (nature or
artificial) during growth and genotype. Chlorophyll plays an important role against
oxidants and mutagens and appears in green.

Major important dietary minerals determined in N. oculata and U. lactuca were P,
Ca, K and Mg (Table 2). The dominant element in N. oculata was P (24000 mg/kg);
while Ca (48300 mg/kg) was dominant in U. lactuca. Significant differences (P<0.05) in
Ca, K and Mg quantity were detected between N. oculata and U. lactuca. The order of
trace dietary minerals in N. oculata and U. lactuca were Fe, Mn, Zn and Cu, respectively.
Fe was the dominant element in both micro and macro algae (100 and 108 mg/kg). Fe,
Mn and Cu were significantly higher in U. lactuca than in N. oculata. The Fe contents in
N. oculata and U. lactuca were reached and slightly exceeded the maximum permissible
limits according to FAO (1983), FAO/WHO limit (1989), WHO (1998) and Mokhtar
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et al. (2009). In contrast to our findings, Kim et al. (2001) reported that the main elements
in N. oculata were Ca, Mg, K and Fe (8820.57, 10390.15, 129060.86 and 7470.20 mg/Kkg,
respectively). Debbarma et al. (2016) reported that U. lactuca was possessed macro
nutrients, Ca (180.67 mg %), K (209.00 mg %) and Na (351.67 mg %) content which
were lower than those determined in our study. Additionally, micro nutrients, Fe, Zn, Cu
and Mn contents were 34.47, 1.78, 1.83 and 4.8 mg %, respectively, which are higher than
those recorded in the current study, except for Zn. Here, the high initial content of some
nutrients (macro and micro) could be ascribed to the traditional method used for N.
oculata production, concerning the added chemicals, while for U. lactuca, the case might
refer to the environmental status of alga grown site. Significant effects on human health
are caused by high levels of inorganic macro minerals and trace levels of micro minerals,
which are vital for numerous physiological processes (Debbarma et al., 2016). The
biological adsorption and accumulation of minerals in algae resulted in a higher mineral
content compared to other plants (Yadav et al., 2021).
Table 2. Mineral fraction of N. oculata and U. lactuca

\ N. oculata | U. lactuca
Macro mineral (%)
P 2.4+0.05 2.56+0.08
K 1.27+0.022 1.2+0.01°
Ca 1.68+0.3° 4.83+0.2¢
Mg 0.234+0.01° 0.3440.022
Micro mineral (ppm)
Fe 100+0.57° 108+0.872
Mn 3540.25% 41+0.052
Zn 3340.072 19.5+076°
Cu 6+0.5° 7.01+0.292

b | etters denote significant difference in each raw (P<0.05; Paired t-test)

2. Amino acids profile

Becker and Richmond (2004) stated that almost all algae have an amino acid
composition comparable to other dietary proteins, with slight shortages in the sulfur-
containing amino acids cysteine and methionine. Table (3) displays the amino acids
profiles of N. oculata and U. lactuca. Micro and macro marine algae proteins had 17 and
16 amino acids, respectively; seven of them being non-essential amino acids (NEAA)
which accounted for 40.01 and 48.75g/ 100g, respectively. Total essential amino acids
(EAA) was less than total NEAA in both N. oculata and U. lactuca. Most levels of amino
acids in U. lactuca were higher than in N. oculata. In descending order, the dominant
essential amino acids in N. oculata were threonine (4.28%), Lysine (4.22%) and
isoleucine (4.1%); while leucine (7.1%), phenylalanine (5.81%), valine (5.3%), threonine
(4.87%) and lysine (4.1%) in U. lactuca. Alanine, glutamic acid and aspartic acid were
dominant non-essential amino acids in both marine algae. Many algae species contain
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extremely high quantities of aspartic acid and glutamic acid, which are largely
responsible for algae's distinct umami flavor (Mac Artain et al., 2007).

In this study, U. lactuca had amounts of the various amino acids ranging from
0.75 to 11.52 g/100 g protein, a result which agrees with that of Yaich et al. (2011) who
recorded their values ranging from 1.39 to 12.94g/ 100g protein. Furthermore, the levels
of amino acids in N. oculata ranged from 0.53 to 9.18g/ 100g protein, which coincides
with the findings of Brown et al. (1993) where they ranged from 0.29 to 11.9 g/100 g
protein, depending on the growth phase.
Table 3. Amino acids profile (g/100g protein) and nutritional value of N. oculata and U.

lactuca
Alga FAO/ WHO
Component Provisional
N. oculata U. lactuca Pattern”
Essential amino acids
Threonine (THR) 4.28+0.01° 4.87+0.04° 4
Valine (VAL) 3.39+0.02° 5.3+ 0.01° 4.98
Isoleucine (ILE) 4.1+0.14 3.8+0.02 4
Leucine (LEU) 3.95+0.01° 7.1£0.01° 7
Phenylalanine (PHE) 3.69+0.05" 5.81+0.02° 6
Tyrosine (TYR) 3.23+0.02° 2.7+ 0.03
Histidine (HIS) 2.43+0.02° 1.08+0.01°
Lysine (LYS) 4.22+0.03 4.1+0.02° 5.4
Methionine (MET) 2.68+0.04° 2.3+0.1° 3.25
Cysteine (CYS) 0.53+0.1° ND° 3.25
X EAA 32.50 37.06
on-essential amino acids
Arginine (ARG) 4.26+0.03" 6.87+0.02°
Aspartic (ASP) 5.56+0.03" 9.69+0.15
Serine (SER) 4.91+0.02° 4.06+0.03°
Glutamic (GLU) 9.18+0.02" 10.32+0.01°
Glycine (GLY) 4.32+0.09" 5.54+0.02°
Alanine (ALA) 7.3240.1° 11.52+0.04°
Proline (PRO) 4.46+0.03 0.75+0.01°
X NEAA 40.01 48.75
Nutritional value (Kcal/100g) 326.17 245.29
C-PER”™ 2.43 7.97
C-BV " 77.07 75.99

ND not detected; Tryptophan not determined
FAO/WHO/UNU (1985) Energy and protein requirement. Technical Report Series No.724.
** C-PER Calculated Protein Efficiency Ratio
*** C-BV Computed Biological Value

b | etters denote significant difference in each raw (P<0.05; Paired t-test)
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3. Nutritional value

As shown in Table (3), the caloric value of N. oculata was higher than that of U.
lactuca (326.17 and 245.29 Kcal/ 100g) due to the variation in chemical composition,
especially in fat content. From the results, both marine algae are good source of high
caloric values and required micro and macro minerals.

Protein quality is assessed using the protein efficiency ratio (PER) and biological
value (BV). As presented in Table (3), calculated C-PER and C-BV were 2.43 and 77.07;
7.97 and 75.99, respectively, of N. oculata and U. lactuca. PER denotes weight increase
per unit of protein during food studies; whereas, BV denotes nitrogen maintained for
growth or maintenance (Becker, 2007). Becker and Richmond (2004) reported that PER
and BV of differently processed algae which ranged between 0.84 and 2.10; 52.9 and
77.6, respectively. The results of EAA, C-PER and C-BV in this study indicate that N.
oculata and U. lactuca had good protein quality, compared to casein protein (Becker,
2007; Bleakley & Hayes, 2017).

4. Fatty acids profile

Results in Table (4) show that saturated and unsaturated fatty acids represented
45.13 and 54.87%; 68.95 and 31.05% of the fat of N. oculata and U. lactuca,
respectively. Palmitic acid (C16:0) was the dominant saturated fatty acid in both N.
oculata (28.23%) and U. lactuca (52.93%). The prevalent unsaturated fatty acid was
Oleic acid (25.08%) in U. lactuca, while it was linoleic acid (15.66%) and oleic acid
(15.07%) in N. oculata. These results of U. lactuca correspond with the data found by
Ortiz et al. (2006) and Yaich et al. (2011).

Media composition widely affected the results; where control cultures of N.
oculata compared to those grown under organic carbon or stressed one resulted in 10.2,
9.11 and 6.94 % of MUSFA vice 40.44, 36.3 and 11.69% of PUSFA (Abo El-Khair et
al., 2022b).

Nutritionally, N. oculata seems to be rich as a source of oil fraction load, where
the sum of saturated fatty acids (SFA) was lower (45.13%), compared to those obtained
by U. lactuca (68.95%). In addition, polyunsaturated fatty acids were more evident in N.
oculata (31.36%) than in U. lactuca (3.81%), which consisted of important fatty acids in
human nutrition, especially linoleic acid, linolenic acid, arachidonic acid, eicosatetraenoic
acid (EPA) and docosahexaenoic acid (DHA). According to WHO (2005), SFA/PUFA
ratio of N. oculata was in the healthful limits of lipid quality (less than 2.22), while U.
lactuca exceeded this limit. ®-3 and ®-6 PUFA were higher in N. oculata than in U.
lactuca, and both ®-3/ ®-6 ratios were consistent with the ratio (>0.1) advised by WHO
(2005).
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Table 4. The fatty acids composition of N. oculata and U. lactuca oil

: Alga
Fatty acid % N.oculata | ’ U. lactuca
Saturated
Myristic acid (C14:0) 0.59+0.01° 1.86%0.052
Palmitic acid (C16:0) 28.23+0.03 52.93+0.012
Heptadecanoic acid (C17:0) 5.12+0.012 0.0+0.00
Stearic acid (C18:0) 7.07+0.012 5.28+0.03°
Arachidic acid (C20:0) 4.12+0.03° 8.88+0.022
X (SFA) 45.13 68.95
Unsaturated
Myristoleic acid (C14:1 ©5) 0.29+0.01° 2.16+0.01»
Pentadecenoic acid (C15:1 ®5) 0.94+0.022 0.0 £0.0°
Palmitoleic acid (C16:1 ©7) 1.64+0.022 0.0x0.00
Heptadecenoic acid (C17:1 ®7) 5.57+0.012 0.0x0.00
Oleic acid (C18:1 ®9) 15.07+0.0° 25.08+0.02
Y (MUFA) 23.51 27.24
Linoleic acid (C18:2 ®6) 15.66+0.022 1.14+0.02>
Linolenic acid (C18:3 ®3) 7.3+0.022 2.62+0.03°
Arachidonic acid (C20:4 ®6) 4.36+0.012 0.0£0.00
Eicosapentaenoic acid (EPA) (C20:5 ®3) 3.05+0.03% 0.05+0.01°
Docosahexaenoic (DHA) C22:6 ®3 0.99+0.022 0.0x0.00
Y (PUFA) 31.36 3.81
X (USFA) 54.87 31.05
SFA/MUFA 1.92 2.53
SFA/PUFA 1.44 18.10
SFA/USFA 0.82 2.22
o3 11.34 2.67
06 20.02 1.14
03/ m6 0.57 2.34
&%) etters denote significant difference in each raw (P<0.05; Paired t-test).
CONCLUSION

The important nutritional components make both types of N. oculata (microalgae)
and U. lactuca (seaweed) distinct sources of nutritional value, fiber, protein and essential
amino acids, especially threonine, lysine and isoleucine in addition to both glutamic and
aspartic acid, which are responsible for the distinctive umami flavor, and the presence of
chlorophyll and carotenoid pigments (nature bioactive substances), which are responsible
for the appearance of the green color. Furthermore, C-PER and C-BV in addition to the
o3/o6 ratio indicated the protein and lipid quality of these algae. According to the
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previous results, both N. oculata and U. lactuca can be used to support the quality of food
currently required by the market.
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