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Abstract—This study aimed to investigate the amino acids contents of some brown (Hormophysa cuneiformis,
Sargassum muticum, and Padina minor), red (Digenea simplex, Amphiroa anceps, and Corallina mediterranea),
and green macroalgae (Codium elongatum, Ulva fasciata, and Cladophora sp.) collected from the Egypt coasts,
using an Eppendorf/Biotronik LC 3000 amino acid analyzer. The results showed that the total amino acid
content ranged from 11.84 £ 0.55 mg/g dry weight (DW) in D. simplexto 33.43 + 1.29 mg/g DWin U. fasciata.
Threonine and L-methionine were the major essential amino acids (EAAs) in red and brown macroalgae,
respectively, whereas in green macroalgae, the major EAAs varied between macroalgae species as follows:
L-lysine in C. elongatum, L-leucine in U. fasciata, and L-valine in Cladophora sp. L-aspartic and L-glutamic
acids together represented a large portion of the amino acid content. The high content of EAAs in all the spe-
cies under study makes them an important resource for nutritional applications.

Keywords: amino acid analyzer, amino acid profile, nutritional value, Phacophyta, Chlorophyta, Rhodo-
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INTRODUCTION

Macroalgae are multicellular marine organisms
playing important environmental, biological, and eco-
logical roles in the coastal aquatic environment [7].
They are classified on the basis of their anatomy, pig-
mentation, morphology, and chemical composition as
brown (Phaeophyta), red (Rhodophyta), and green
macroalgae (Chlorophyta) [8]. Macroalgae perform
many ecological roles including being a base for
almost all aquatic food chains due to the high contents
of nutrients such as vitamins, fibers, free amino acids,
polyunsaturated fatty acids, and minerals [23]. The
nutrient composition of macroalgae is generally
known to be highly influenced by species, habitat,
maturity, geographical location, and environmental
conditions [9].

Amino acids are precursors for the synthesis of sec-
ondary metabolites such as alkaloids that provide
algae with chemical defense. In general, the amino
acid profile is important for evaluating the nutritional
value of algal proteins [12]. The nutritional value of
food protein is mainly determined by the type,
amount, and proportion of essential amino acids
(EAAS). A quantitative estimation of amino acid com-
position in different species of marine macroalgae has
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revealed considerable differences in amino acids
between them [24].

About 150 macroalgal species are used as human
food in the coastal areas [18]. In Japan, macroalgae,
traditionally cooked as sushi wrappings, jams, soups,
or salads, make up approximately 25% of all food con-
sumed, and, thus, have become the main income
source for fishermen [23]. According to FAO statistics,
South Korea, China, and Japan have the highest daily
consumption of macroalgae: 46, 22, and 4 g per capita,
respectively [27].

The macroalgae used in the present study are
widely available on the Egypt coasts almost through-
out the year. Therefore, the present study aimed to
characterize amino acid profiles of Hormophysa cune-
iformis, Sargassum muticum, Padina minor, Digenea
simplex, Amphiroa anceps, Corallina mediterranea,
Codium elongatum, Ulva fasciata, and Cladophora sp.
collected from Egypt during the autumn of 2016 to
gain extensive information about their nutritional
value.

MATERIALS AND METHODS
Sample Collection

Nine macroalgal species were collected from the
Egypt coasts manually at low tides during the autumn
of 2016. Amphiroa anceps and Ulva fasciata were col-
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lected from the Alexandria sea coast (Abu-Qir, 31°19
N, 30°03" E); Corallina mediterranea was collected
from the Damietta sea coast (Ras-Elbar, 31°30" N,
31°49’ E); Hormophysa cuneiformis, Sargassum muti-
cum, Padina minor, Digenea simplex, Codium elonga-
tum, and Cladophora sp. were collected from the
Hurghada sea coast (Hurghada, 27°13" N, 33°45" E).
Macroalgal species were taxonomically identified
according to Braune and Guiry [5] and Jha et al. [15].

Preparation of Macroalgal Species

Macroalgae were washed with seawater followed by
distilled water to remove salt and foreign particles.
Then the macroalgae were spread on blotting paper to
remove excess water. The clean macroalgae were shade
dried and then kept in an oven at 60°C for 4 h. The
dried algal material was ground to 2 mm or smaller
particle size. The algal powder was used for analyses.

Analysis of Amino Acids Profile

The algal samples were hydrolyzed according to the
method of Adebiyi et al. [1] before the determination
of amino acids. The amino acid analysis was carried
out on an Eppendorf/Biotronik LC 3000 amino acid
analyzer (Maintal, Germany) with an H 125X column
at the National Institute of Oceanography and Fisher-
ies, Alexandria, Egypt. Amino acid content was as
expressed as mg/g dry weight (DW).
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Statistical Analysis

All determinations were carried out in triplicate
and the results were expressed as mean * standard
deviation. Data were analyzed using the SPSS v. 22
software. A two-tailed Pearson’s product-moment
correlation test was performed to assess the relation-
ship between amino acid contents. Mean separation
was performed using the Duncan’s multiple range test
at P<0.05.

RESULTS

The amino acid profiles of nine macroalgal species
revealed the presence of 18 amino acids: L-lysine,
L-methionine, tryptophan, threonine, L-phenylala-
nine, L-isoleucine, L-leucine, histidine, L-valine,
L-aspartic acid, L-glutamic acid, arginine, glycine,
alanine, serine, tyrosine, cysteine, and proline. The
statistical analysis showed significant differences in
amino acid content between all the macroalgae ana-
lyzed. The total amino acid content ranged from
11.84 = 0.55 mg/g DW in D. simplex to 33.43 *
1.29 mg/g DW in U. fasciata (Fig. 1). Table 1 shows
that the macroalgal species contained nine EAAs in
different proportions ranging from 42.3 + 0.55% (in
P. minor) to 53.9 = 0.62% (in D. simplex) of the total
amino acid content.

The EAAs to non-EAAs ratio ranged from 0.73 in
P. minor to 1.17 in D. simplex. It can be seen that
L-methionine is a major EAA in the Phaeophyta spe-
cies, constituting 32.4—37.9% of total EAAs. Thre-
onine is a major EAA in all the studied Rhodophyta
species. However, in the Chlorophyta species, the
major EAA varied as follows: L-lysine in C. elongatum,

8
6
4 -
2
y P. minor

H. cuneiformis

S. muticum D. simplex

A. anceps

C. elongatum Cladophora sp.

C. mediterranea U. fasciata

Macroalgal species

Fig. 1. Contents of EAAs and non-EAAs in some macroalgae collected from the Egypt coasts.
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Table 1. Essential amino acid (EAAs) profiles of some macroalgae collected from the Egypt coasts
_ E g o : E .
Groups and species .E F: -§ .g % § g ;ﬂé E
— | = = — | | s |
Brown macroalgae
H. cuneiformis 0.79 £ 0.03|1.94 = 0.08 ND 0.49 £ 0.03(0.68 £ 0.01 {0.64 £ 0.01 {0.82 £ 0.06(0.41 £0.03{0.21 = 0.01
S. muticum 1.23 £0.06|3.83+£0.14 | 0.29+0.03 |1.04 £ 0.03(0.89 £ 0.06(0.77 £ 0.06 [0.63 £ 0.01{0.69 £ 0.02|0.74 = 0.01
P. minor 0.52 +£0.01|2.71 £0.14 ND 0.72£0.06/1.06 = 0.11 |0.89 £ 0.09|1.44 £ 0.08/0.67 = 0.06[0.27 £ 0.01
Red macroalgae
D. simplex 0.69 £ 0.01 {0.36 £ 0.03 | 0.18 £0.02 | 1.16 £ 0.07 | 1.09 = 0.03|0.56 £ 0.07 | 0.91 £ 0.07|0.89 £ 0.01{0.54 £ 0.03
A. anceps 0.89 £ 0.09{0.41 £0.01 | 0.92+0.03|2.06 £0.12|0.62 = 0.00| 1.32 £ 0.030.97 £ 0.03| 1.72 £ 0.08| 1.15 £ 0.09
C. mediterranea 1.15£0.05|0.97 £ 0.04 ND 1.51 £0.03|1.22 £ 0.07 [0.94 £ 0.03 | 1.43 £ 0.07|0.76 = 0.01{0.89 £ 0.04
Green macroalgae
C. elongatum 1.74 £ 0.07 {0.89 £ 0.03 | 0.59 £0.00 | 1.45 £ 0.07 | 1.13 £0.09{0.70 £ 0.03 | 1.66 £ 0.06{0.63 £ 0.01|0.82 = 0.09
U. fasciata 2.81+0.12 {1.95+£0.08 ND 3.02+0.21(0.81 £0.03|2.21 £0.08 {4.39 +£0.10/0.78 £ 0.03| 1.43 £ 0.08
Cladophora sp. 1.14 £0.10 {0.73 £ 0.02 ND 1.08 £ 0.06( 1.17 £ 0.10 | 1.52 £ 0.06 | 1.85 £ 0.09(0.34 £ 0.01|2.21 = 0.09
EAA content is expressed as mg/g DW. Values are mean of three replicates * standard deviation. ND, not detected.
Table 2. Non-essential amino acid (non-EAAS) profiles of some macroalgae collected from the Egypt coasts
é é Q © o [5) )
Groups and species| & g g g g e = 'E .E
29 e = =3 g = e 2 S
a8 a8 < ) < é = O £
Brown macroalgae
H. cuneiformis 1.73+£0.14| 2.15+0.14 | 1.27 £ 0.08 | 0.18 £ 0.01 | 0.17 £ 0.01 | 0.45 = 0.01 | 0.59 £+ 0.01 {0.32 £ 0.01{0.36 £ 0.01
S. muticum 1.76 £0.08 | 2.19 £ 0.08 | 1.84 = 0.14 | 0.63 = 0.02 {0.71 £ 0.03|0.78 £ 0.03 | 0.68 £ 0.03 |0.35 + 0.01|0.57 £ 0.02
P. minor 2.32+£0.11{3.43+£0.14|1.91 £0.08|0.25+0.01 {0.29 £ 0.01 | 0.68 £0.03 | 1.18 £0.05 [0.55 £ 0.01|0.68 = 0.01
Red macroalgae
D. simplex 1.73+£0.06| 1.10 £ 0.03 {0.09 £ 0.01 {0.02 £ 0.01 | 0.43 £ 0.01 ND 0.06 £ 0.01 ND 2.03 £0.08
A. anceps 2.09 £0.08| 1.74 £ 0.08 {0.95+ 0.03| 1.18 £ 0.08 | 1.73 £ 0.08 | 1.49 £ 0.06 | 0.53 = 0.00 ND 1.63 £ 0.08
C. mediterranea 2.26 £ 0.08| 1.51 £ 0.14 {0.32 £0.04|0.82 £ 0.03 | 1.43 £ 0.08|1.04 £ 0.03 | 0.47 £ 0.05 [0.19 £ 0.01| 1.16 = 0.06
Green macroalgae
C. elongatum 1.61 £0.06| 3.15+0.14 {0.74 £0.03|1.07 £ 0.08 | 1.12 £ 0.06 | 1.41 £ 0.06 | 0.46 £ 0.03 ND 1.25+£0.06
U. fasciata 5.444+0.14| 6.19£0.21 {0.24 £ 0.04]/0.78 £ 0.02 | 1.17 £ 0.06 | 0.92 £ 0.03 | 0.46 = 0.03 {0.14 £ 0.01{0.69 £ 0.03
Cladophora sp. 3.51+£0.14|2.83£0.14|0.37 £0.04| 1.15£0.08 | 1.6 £ 0.13 [0.97 £0.06| 0.07 = 0.01 ND 1.17 £ 0.02

Non-EAA content is expressed as mg/g DW. Values are mean of three replicates + standard deviation. ND, not detected.

L-leucine in U. fasciata, and L-valine in Cladophora sp.
Furthermore, it can be noted that tryptophan in
S. muticum, D. simplex, A. anceps, and C. elongatum
reached a much lower level compared to all EAAs and
was completely absent in H. cuneiformis, P. minor,
C. mediterranea, U. fasciata, and Cladophora sp. (Table 1).

The present results indicate also variations in non-
EAAs content between macroalgal species and groups
as shown in Table 2. Macroalgae contained nine non-
EAAs: L-aspartic acid, L-glutamic acid, arginine, gly-
cine, alanine, serine, tyrosine, cysteine, and proline.
Non-EAAs contents ranged from 5.46 = 0.21 mg/g

RUSSIAN JOURNAL OF MARINE BIOLOGY  Vol. 47

DW in D. simplex to 16.03 + 0.56 mg/g DW in U. fas-
ciata. As shown in Table 3, all the studied species had
a similar pattern in which L-glutamic and L-aspartic
acids constituted together a large portion of the amino
acid content (17.9—34.8% of total amino acids). L-glu-
tamic and L-aspartic acids made up 20.1-29.4% of
total amino acids in the brown algae, 17.9—23.9% of
total amino acids in the red algae, and 23.3—34.8% of
total amino acids in the green algae.

Pearson’s correlations between different amino
acids are shown in Table 4. L-lysine correlated posi-
tively with threonine, L-isoleucine, L-leucine,

No.1 2021
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Table 3. Amino acid profile of macroalgae as percentage of total amino acids

Brown macroalgae Red macroalgae Green macroalgae
. . S
Amino acids % § X S’; < § §O § §
S s S S 2 3 S 3 s
9 g g 3 3 s S S kS
T “ & S < ) S ! S
EAAs
L-lysine 5.98 6.27 2.66 5.83 4.16 6.36 8.52 8.41 5.25
L-methionine 14.70 19.52 13.85 3.04 1.92 5.37 4.36 5.83 3.36
Tryptophan 0.00 1.48 0.00 1.52 4.30 0.00 2.89 0.00 0.00
Threonine 3.71 5.30 3.68 9.80 9.63 8.36 7.10 9.03 4.97
L-phenylalanine 5.15 4.54 5.42 9.21 2.90 6.75 5.53 2.42 5.39
L-isoleucine 4.85 3.92 4.55 4.73 6.17 5.20 343 6.61 7.00
L-leucine 6.21 3.21 7.36 7.69 4.53 7.91 8.13 13.13 8.52
Histidine 3.11 3.52 3.42 7.52 8.04 4.21 3.09 2.33 1.57
L-valine 1.59 3.77 1.38 4.56 5.37 4.93 4.02 4.28 10.18
Non-EAAs
L-aspartic acid 13.11 8.97 11.85 14.61 9.77 12.51 7.88 16.27 16.17
L-glutamic acid 16.29 11.16 17.53 9.29 8.13 8.36 15.43 18.52 13.04
Arginine 9.62 9.38 9.76 0.76 4.44 1.77 3.62 0.72 1.70
Glycine 1.36 3.21 1.28 0.17 5.51 4.54 5.24 2.33 5.30
Alanine 1.29 3.62 1.48 3.63 8.08 7.91 5.48 3.50 7.37
Serine 3.41 3.98 3.47 0.00 6.96 5.76 6.90 2.75 4.47
Tyrosine 4.47 3.47 6.03 0.51 2.48 2.60 2.25 1.38 0.32
Cysteine 2.42 1.78 2.81 0.00 0.00 1.05 0.00 0.42 0.00
Proline 2.73 2.91 3.47 17.15 7.62 6.42 6.12 2.06 5.39

L-aspartic acid, and L-glutamic acid, and negatively
with arginine. L-methionine showed significant posi-
tive correlations with arginine, tyrosine, and cysteine
and a negative correlation with proline. A positive cor-
relation existed between tryptophan and histidine (» =
0.758, p < 0.05). Threonine was found to correlate
positively with L-isoleucine, L-leucine, and L-aspar-
tic acid. L-isoleucine correlated positively with L-leu-
cine, L-valine, L-aspartic acid, and L-glutamic acid.
L-leucine was found to correlate positively with
L-aspartic acid (r = 0.933, p < 0.01) and L-glutamic
acid (r=0.908, p <0.01). Also, the analysis revealed a
positive correlation of L-valine with glycine and ala-
nine. A positive correlation was found between
L-aspartic acid and L-glutamic acid (» = 0.831, p <
0.01). Arginine showed a positive correlation with
both tyrosine and cysteine; glycine, a positive correla-
tion with alanine and serine. Moreover, significant
correlations were found between alanine and serine
(r=20.775, p <0.05), tyrosine and cysteine (r = 0.859,
p <0.01), as well as cysteine and proline (r = —0.742,
p <0.05).

RUSSIAN JOURNAL OF MARINE BIOLOGY  Vol. 47

The total amino acid content in the Phacophyta
species ranged from 13.2 £ 0.68 mg/g DW in H. cune-
iformis to 19.62 *+ 0.86 mg/g DW in S. muticum. The
ratios of EAAs to total amino acids were 0.45, 0.52,
and 0.42 in H. cuneiformis, S. muticum, and P. minor,
respectively. The results also indicate variations in the
EAAs to non-EAAs ratio between the studied Phaeo-
phyta species: 0.83 in H. cuneiformis, 1.06 in S. muti-
cum, and 0.73 in P. minor. All the studied Phaeophyta
species were rich in L-glutamic acid, L-methionine,
L-aspartic acid, and arginine. H. cuneiformis and
P. minor were poor in alanine, glycine, and L-valine,
while S. muticum was poor in tryptophan, cysteine,
and proline. No tryptophan was detected in H. cunei-
formis and P. minor. As shown in Fig. 1, among the
brown macroalgal species, S. muticum contained a
higher level of EAAs (10.11 mg/g DW).

The total amino acid content in the Rhodophyta
species ranged from 11.84 + 0.55 mg/g DW in D. sim-
plex to 21.40 = 0.97 mg/g DW in A. anceps. The ratios
of EAAs to total amino acids were 0.54, 0.47, and 0.49,
and the EAAs to non-EAAs ratios were 1.17, 0.89, and

No. 1 2021
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0.96 in D. simplex, A. anceps, and C. mediterranea,
respectively. Cysteine and serine were not detected in
D. simplex; cysteine and tryptophan were not detected
in A. anceps and C. mediterranea, respectively. As
shown in Fig. 1, among the Rhodophyta macroalgae,
A. anceps contained a higher level of EAAs (10.06 =
0.48 mg/g DW), especially aromatic amino acids such
as threonine (2.06 £ 0.12 mg/g DW) and tryptophan
(0.92 + 0.03 mg/g DW).

The total amino acid content in the Chlorophyta
species ranged from 20.42 = 0.97 mg/g DWin C. elon-
gatum to 33.43 £ 1.29 mg/g DW in U. fasciata. The
ratios of EAAs to total amino acids were 0.47,0.52, and
0.46 in C. elongatum, U. fasciata, and Cladophora sp.,
respectively. Tryptophan was detected neither in
U. fasciata, nor in Cladophora sp., whereas cysteine
was not detected in C. elongatum and Cladophora sp.
Among the nine macroalgae, U. fasciata contained a
higher level of EAAs (17.4 = 0.73 mg/g DW), as shown
in Fig. 1. Moreover, U. fasciata was rich in sulfur-con-
taining amino acids such as leucine (4.39 + 0.10 mg/g
DW) and lysine (2.81 = 0.12 mg/g DW).

DISCUSSION

Marine macroalgae possess substantial levels of
protein, which, in some cases, can be higher than in
various terrestrial plants. Al-Amoudi et al. [2] reported
a higher total amino acid content (14.30 £ 0.24 mg/g
DW) in D. simplex collected from the Jeddah Cor-
niche. Variations in the content of amino acids may be
proportional to their utilization by macroalgae during
reproduction and growth.

In the present study, the EAA content in various
macroalgae was higher than that in other macroalgae
analyzed in earlier works: 37—42% in Ulva lactuca and
Gelidium amansii and 36.5 % in U. rigida and U. rotun-
data [10, 22]. Dawczynski et al. [8] also reported that
EAAs make up more than 30% of total amino acids in
various macroalgae. The high level of L-methionine in
the Phaeophyta species agreed with data obtained by
Lourenco et al. [19] who reported high contents of
methionine in brown macroalgae. This study showed
low levels of tryptophan in some macroalgae and its
absence in others. Tryptophan was not detected also in
different algal species in previous studies [3, 25, 26]. It
may be due to the destruction of tryptophan during
the hydrolysis process.

In all the macroalgae analyzed in the present study,
L-glutamic and L-aspartic acids constituted together
a large percentage of the amino acid content (17.9—
34.8% of total amino acids). Similar results were also
obtained in previous studies by Wong and Cheung
[29], Zubia et al. [30], and Gressler [ 13]. Biancarosa et
al. [4] reported that L-glutamic and L-aspartic acids
constituted together up to 30, 23, and 28% of total
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amino acids in the Phaecophyta, Rhodophyta, and
Chlorophyta species, respectively. In the present
study, the level of these two amino acids in U. fasciata
amounted to 34.8 % of total amino acids, which was
higher than those reported for U. rigida (26%) and
U. rotundata (32%) by Fleurence et al. [9]. The high
levels of aspartic and glutamic acids were responsible
for the specific smell and taste of the macroalgae.

L-lysine and arginine are polar amino acids with a
charge at typical biological pH values. The positive
correlation between L-lysine and L-aspartic acid (» =
0.712, p < 0.05) may be due to the synthesis of L-lysine
from L-aspartic acid by the diaminopimelate pathway
[17]. Both threonine and L-aspartic acid belong to the
oxaloacetate/aspartate family of amino acids [17]. The
L-isoleucine, L-leucine, and L-valine amino acids
are characterized by branched aliphatic side chains
[28]. L-isoleucine and L-valine amino acids give a
specific complex taste to macroalgae [21]. The glycine
and serine are characterized by their small size. The
correlation between L-valine and alanine may be
explained by the pyruvate which is the precursor of
both L-valine and alanine [17].

The present work revealed a high ratio of EAAs to
total amino acids in Chlorophyta. Ismail [14] reported
a lower ratio of EAAs to total amino acids for Sargas-
sum linifolium (0.37). The dominance of aspartic acid,
glutamic acid, glycine, alanine, and serine in the
Rhodophyta species agrees with data obtained by
Impellizzeri et al. [11]. Lourenco et al. [19] reported
significant variations in the threonine, glycine, methi-
onine, and arginine content of Codium decorticatum,
C. spongiosum, and C. taylorii. In other studies, trypto-
phan was not detected in different members of
Rhodophyta and in Ulva species [19, 23]. In the pres-
ent study, 17 amino acids were detected in U. fasciata
collected from the Alexandria coast, Egypt. However,
U. fasciata collected from the coasts of India and
southeastern Brazil was reported to have only 16
amino acids [19, 25]. U. lactuca, collected from the
Tunisian and Egypt coasts, was also found to contain
17 and 16 amino acids, respectively [16]. Only 15
amino acids were found in U. reticulate collected from
the Thailand coast. These variations in amino acids
content may be due to the differences in algal species
and environmental conditions such as water salinity,
water temperature, and pH [6, 20].

Therefore, the considerable levels of all EAAs in
the studied macroalgae indicate that they contain
high-quality proteins and that the macroalgal proteins
have a higher nutritional value than the terrestrial
plant proteins, which makes the macroalgae a valuable
nutritious item of human food.
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CONCLUSIONS
It can be concluded that the nutritional composi-

tion of macroalgae is highly influenced by their group
and species. All the macroalgae species analyzed in
this study represent natural resources with a potential
economic value to be used in human and animal diet
due to the high content of essential amino acids in
them. Further studies with more species involved are
required to determine their biochemical composition.
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