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Abstract The Norwegian seaweed industry is expanding and
there is a need for accurate estimates of protein content of
seaweed species from Norwegian waters. A solid method to
calculate protein content is through the sum of the proteomic
amino acids; however, it can be expensive and beyond the
capacities of many laboratories. The most commonly used
method to quantify protein is based on the assessment of crude
protein from overall nitrogen content, using the traditional
nitrogen-to-protein conversion factor of 6.25. However, this
approach can be inaccurate when applied to seaweeds, often
resulting in an overestimation of their protein content. Specific
nitrogen-to-protein conversion factors, calculated from amino
acid composition and total nitrogen, give a more reliable pro-
tein quantification in seaweeds. However, no such factors are
available for species from Norwegian waters. This study was
designed to characterize the amino acid composition of 21
seaweed species from Norwegian waters and use the amino
acid data to estimate protein contents of the seaweeds. Crude
protein analysis (nitrogen X 6.25) was performed and resulted
in overestimation (18—44 %) of the protein content compared
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to the sum of proteomic amino acids. Specific nitrogen-to-
protein conversion factors, calculated for each species, ranged
from 3.53 £ 0.1 to 5.13 = 0.1. This study provides nutritional
data on Norwegian seaweeds, covering a relatively wide range
of species. Moreover, it is the first study to assess nitrogen-to-
protein conversion factors on such species.
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factor - Protein - Seaweed

Introduction

Research on seaweeds has increased in Norway over the last
few years. The main reason of this interest is the high potential
of the seaweed biomass for a wide range of applications
(Skjermo et al. 2014). Seaweeds in Norway are investigated
as a possible resource for food and feed due to their beneficial
nutrient composition (Mahre et al. 2014). Moreover, Norway
has a long and productive coastline that promotes the utiliza-
tion of seaweeds both wild harvested and cultivated, at an
industrial scale (Skjermo et al. 2014). Whether the seaweeds
are used as food or feed, accurate knowledge of protein quan-
tity and quality is important. However, nutritional data on
seaweeds from Norwegian waters are very limited.

Protein quantification in seaweeds has been approached
using different methods. A direct way for quantifying protein
is based on the sum of the amino acid residues after hydroly-
sis, often referred to as “true protein” (Heidelbaugh et al.
1975; Aitken et al. 1991; Diniz et al. 2011). The amino acid
residues correspond to the actual molecular fraction of the
amino acids after the loss of one molecule of H,O (as when
copolymerized in polypeptide chains), thus representing the
proteomic amino acids (Mossé 1990). The estimation of total
protein based on this method, although generally
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recommended, requires sophisticated equipment and special-
ized laboratories. Thus, determination of protein concentra-
tion is usually based on other, more available, techniques such
as: (1) protein extraction and its quantification by colorimetric
assays (Lowry et al. 1951, Bradford 1976), or (2) elemental
analysis of nitrogen and indirect estimation of crude protein
(Kjeldahl 1883). These methods, although relatively fast and
inexpensive, can be inaccurate when applied to seaweeds
(Lourengo et al. 2002, Barbarino and Lourenco 2005).
Protein extraction procedures are not optimal for seaweeds,
and chemical features of the algal material often interfere with
both protein extraction and the colorimetric assays, leading to
a biased and inaccurate quantification of the protein content
(Fleurence 1999a, Barbarino and Lourengo 2005). The ele-
mental analysis of total nitrogen does not require extraction
of any material, and it is relatively fast and inexpensive. For
estimation of protein content via this method, a nitrogen-to-
protein (N-Prot) conversion factor of 6.25 (Kjeldahl 1883) is
often used as a default factor to deduce protein concentration
from total nitrogen content. The use of 6.25 as N-Prot conver-
sion factor is based on two assumptions: (1) the nitrogen con-
tent of total protein is 16 %, and (2) protein is the only source
of nitrogen in the analyzed tissue and the amount of non-
protein nitrogen (NPN) is negligible. Seaweeds, however,
contain considerable amounts of NPN; thus, quantification
of crude protein, using a N-Prot conversion factor of 6.25,
results in an overestimation of the actual protein content of
seaweeds (Lourengo et al. 2002, Diniz et al. 2011, Shuuluka
et al. 2013). Specific N-Prot factors (other than 6.25) are rec-
ommended for a more accurate estimation of protein, when
total nitrogen is a proxy for quantification (Sosulski and
Imafidon 1990, Salo-vddndnen and Koivistoinen 1996,
Sriperm et al. 2011), and must be used for correct protein
determination of materials with high NPN (Diniz et al. 2011,
Shuuluka et al. 2013, Templeton and Laurens 2015).
However, only few studies established specific N-Prot conver-
sion factors for seaweeds (Aitken et al. 1991, Lourengo et al.
2002, Diniz et al. 2011, Shuuluka et al. 2013) and, to our
knowledge, no such data exist for seaweed species from
Norwegian waters. In a recent meta-analysis, Angell et al.
(2015) suggested a universal seaweed N-Prot factor of 5 has
to be used when calculation of specific N-Prot factors is not
available.

The present study aims to characterize amino acid profiles
and protein contents of 21 seaweed species from Norwegian
waters. Two methods of protein quantification are used: (1)
sum of amino acid residues (true protein) and (2) calculation
of total nitrogen and indirect estimation of protein content
using the default factor of 6.25 (crude protein). We discuss
advantages and disadvantages of these methods. We also es-
tablish specific N-Prot conversion factors for the species stud-
ied, comparing results among species and calculating average
group specific N-Prot factors for red, green, and brown algae.
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Materials and methods

Sample collection Seaweeds were collected in October 2014
in the vicinity of Bode, Northern Norway, between 67.24° and
67.32° N and 14.47° and 14.72° E, in the intertidal or upper
subtidal zone. Each sample consisted of pooled material of at
least five individuals per species, identified by morphology.
The samples were transported moist to the laboratory where
they were rinsed in cold freshwater, to remove adhering for-
eign material such as animals, epiphytes, or debris. The sam-
ples were ground to a powder in two steps: first, manually in
liquid nitrogen with a mortar and pestle, then, after freeze-
drying (FreeZone 18 Liter Console, Labconco, USA), by
using a blender (Knife Mill Grindomix GM 100, Retsch,
Germany). Powdered samples were stored at —30 °C until
further use.

Species identification Species were identified by DNA se-
quence comparisons, using gene regions suitable for each
group (Table 1). Methods for DNA extraction, amplification,
and sequencing followed Heesch et al. (2016). Regions were
amplified using published primers: rbcL of Rhodophyta and
Pelvetia canaliculata: F8 or F57 and R1150 (Freshwater and
Rueness 1994, Mineur et al. 2010), rbcL of Ulva sp.: SHF1
and SHR4 (Heesch et al. 2009), cox1 of Fucales and
Chordaria flagelliformis: GazF1 and GazR1 (Saunders
2005), cox1 of Laminariales: GazF2 and GazR2 (Lane et al.
2007), ITS of Fucus spiralis: ITSa and ITSb (Pocock et al.
2004), and LSU of Cladophora rupestris: C'l _mod and
D2 rev (Leliaert et al. 2003). New sequences (accession num-
bers: Table 1) were compared to published sequences by stan-
dard nucleotide BLAST (http://www.ncbi.nlm.nih.gov/).

Amino acid analysis Amino acid analyses were carried out
by ultra performance liquid chromatography (UPLC, Waters
Acquity UPLC system); freeze-dried powdered samples con-
taining 30-40 mg of protein were hydrolyzed in 6 N HCI at
110 °C for 22 h. Prior to hydrolysis, 3.125 mM Norvaline
(Sigma-Aldrich, USA) was added as internal standard, and
0.1 M Dithiothreitol (DTT, Sigma-Aldrich) was added as an-
tioxidant agent to protect methionine from degradation during
acid hydrolysis. For a further protective aid, a layer of N, gas
was put into the flasks for 30 s, and the flasks were capped
immediately. During acid hydrolysis, tryptophan and cysteine
were destroyed. After hydrolysis, the samples were cooled in
cold water until room temperature was reached and centri-
fuged in a vacuum centrifuge to complete dryness. After cen-
trifugation, the residues were diluted in deionized water and
filtered through a syringe-driven filter. Prior to the instrumen-
tal analysis, a derivatization agent (AccQ.Tag, Waters, USA)
was added to each sample. Amino acids were finally analyzed
chromatographically in a UPLC System run by Empower
chromatography data software. In this study, duplicate
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Table 1 List of seaweed species

ENA/GenBank

with European Nucleotide Species
Archive (ENA)/GenBank
accession numbers Red algae

Chondrus crispus Stackhouse

Furcellaria lumbricalis (Hudson) J.V.Lamouroux
Mastocarpus stellatus (Stackhouse) Guiry
Palmaria palmata (L.) Weber & Mohr

Porphyra dioica J.Brodie & L.M.Irvine
Porphyra purpurea (Roth) Agardh

Porphyra umbilicalis Kiitzing

Green algae

Cladophora rupestris (L.) Kiitzing
Ulva intestinalis L.
Ulva lactuca L.

Brown algae

Alaria esculenta (L.) Greville

Ascophyllum nodosum (L.) Le Jolis

Chordaria flagelliformis (O.F.Miiller) C.Agardh
Fucus serratus L.

Fucus spiralis L.

Fucus vesiculosus L.

Halidrys siliquosa (L.) Lyngbye

Himanthalia elongata (L.) S.F.Gray

Laminaria digitata (Hudson) J.V.Lamouroux

LN877861 (rbcl)
LN877848 (rbcl)
LN680430 (rbcl)
LN877844 (rbcl)
LN877842 (rbcl)
LN680433 (rbcl)
LN680435 (rbel)

LN999416 (LSU)
LN877841 (rbcL)
LN877840 (rbcl)

LN877860 (cox1)
LN877850 (cox1)
LN877857 (cox1)
LN877845 (cox1)

LN877851 (cox1)LN877877 (ITS)

LN877853 (cox1)
LN877856 (cox1)
n.d.

LN877852 (cox1)

Pelvetia canaliculata (L.) Decaisne & Thuret

Saccharina latissima (L.) C.E.Lane, C.Mayes, Druehl &

G.W.Saunders

LN877846 (cox1)LN877847
(rbcL)

LN877849 (cox1)

cox1 Cytochrome c oxidase I, /7S internal trancribed spacer of the nuclear ribosomal RNA gene region, LSU large
subunit of the nuclear ribosomal RNA gene region, rbcL large subunit of the ribulose 1,5-bisphosphate carbox-
ylase/oxygenase, n.d. not determined, morphological identification only

samples (n = 2) were submitted to amino acid analysis after
considering the standard error (SE¢,) and the limit of error
(L) estimated from SEq, as described in detail by Cochran
and Cox (1953). For example, by using the data provided by
Bartolomeo and Maisano (2006), six replicates were estimat-
ed, on the basis of an instrumental SEq, = 8 and L¢, = 10, to
reach a confidence limit 0f 95 %. In this study, an instrumental
SE¢, = 3 % (computed from historical data) and Lo, = 10 %
allowed estimating duplicate samples to reach a confidence
level of 95 %.

Total nitrogen Total nitrogen (TN) was analyzed according to
the Dumas method (Dumas 1831). Briefly, freeze-dried sam-
ples were combusted in a CHNS elemental analyzer (Vario
Macro Cube, Elementar Analysensysteme GmbH,
Germany), using helium as carrier gas. The instrument was
calibrated with EDTA (Leco Corporation, Sweden); sulfanil-
amide (Alfa Aesar GmbH & Co, Germany) and a standard
meat reference material (SMRD 2000, LGC Standards AB,

Sweden) were used as control samples. Each sample was an-
alyzed in duplicate and mean values were considered.

Protein content Crude protein content was quantified as
follows:

TN x 6.25

where TN represents the gram N per 100 g of dry weight.

True protein content was determined as sum of amino acid
residues. The amino acid residues (E;) correspond to
proteinogenic amino acids, i.e., the actual molecular fraction
of the amino acids after the loss of one molecule of H,O (as
when copolymerized in polypeptide chains); thus, they were
calculated as follows:

Er = AA % (AAi(MW)—HzO(MW)>

AA;(MW)

where AA; represents the proportion of the single amino acid
(g amino acid per 100 g of dry weight).
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From the ratio of the nitrogen retrieved in the amino acids
after acid hydrolysis (AAN) to TN, we calculated the percent-
age of protein nitrogen of each sample. Consequently, we
estimated the relative percentage of NPN by subtracting the
values of protein nitrogen from 100 %.

Calculation of N-Prot conversion factors In the present
study, we determined specific N-Prot conversion factors (kp)
for each seaweed species, as follows (Mossé 1990):

E;
hp = ZTN

where E; represents the gram of the single amino acid residue
per 100 g of dry weight and 7N represents the gram of N per
100 g of dry weight.

Results

Amino acid composition Data from total amino acid anal-
ysis are presented in Tables 2, 3, and 4. Glutamic acid and
aspartic acid were the two most abundant amino acids in
all species studied. The lowest percentage of glutamic acid
(10.5 % of total amino acids) was observed in the red alga
Porphyra dioica, while the brown alga Alaria esculenta
had the highest percentage (25.8 % of total amino acids).
The percentage of aspartic acid ranged from 10 % in the

red alga Furcellaria lumbricalis to 16 % in the brown alga
Ascophyllum nodosum. In all species analyzed, histidine
and methionine were the least abundant amino acids,
reaching up to 2.1 and 2.4 % of total amino acids,
respectively.

Nitrogen TN in the seaweeds widely varied among species
(Tables 5). The lowest value was found in the brown alga
A. nodosum (0.7 % of the dry weight), whereas the red alga
P, dioica reached the highest value (5 % of the dry weight).
NPN in the seaweeds (Table 5) varied from 22 % in the brown
alga Fucus serratus to 45.8 % in P. canaliculata with averaged
values of 32.5, 33.8, and 35.6 %, in green, red, and brown
algae, respectively.

Protein content The protein content of the seaweeds is pre-
sented as crude protein (TN x 6.25) and true protein (sum of
amino acid residues) values, both expressed as percentage of
dry weight (Table 6). The protein content of the seaweeds
widely varied among the species studied. In general, we ob-
served that brown algae had a lower protein content than red
and green algae, regardless of the method used. The lowest
value was observed in the brown alga A. nodosum (4.5 %
crude protein, 3 % true protein), while the red alga P. dioica
had the highest (31 % crude protein, 20.6 % true protein).
Notably, when comparing crude protein values with true

Table 2 Amino acid composition of seven species of red algae, sorted by class, expressed as mean of two analytical measurements + SD, and
conducted on two samples of pooled algae material of several individuals per species. Data represent the amino acids retrieved after acid hydrolysis and

are expressed as percentage of total amino acids

AA Florideophyceae Bangiophyceae
C. crispus F lumbricalis M. stellatus P, palmata P. dioica P, purpurea P, umbilicalis Mean values

Ala 6.5+0.1 5.8+0.0 6.1 £0.1 7.6+0.0 11.4+0.1 13.0£0.1 10.9+0.0 88+29
Arg 88+0.3 13.5+0.3 7.9+0.1 6.8 +0.1 6.9+0.2 6.3+0.1 6.6 0.0 81+25
Asp 11.6+0.3 10.0£0.2 125+04 12.5£0.1 10.7+0.4 10.9+0.2 12.0+0.1 11.5+0.9
Glu 126 +£0.3 11.9+0.2 11.2+0.1 12.3+£0.7 10.5+£0.3 12.6 £0.2 11.5+£0.1 11.8+0.8
Gly 56+02 5.6+0.2 8.7+0.1 6.5+0.1 7.0+0.1 6.2+0.1 6.7 £0.1 6.6=+1.1
His 1.9+0.1 1.6£0.0 2.1+£0.0 1.6+0.0 1.4+0.0 1.4+0.0 1.4+0.0 1.6+03
Ile 43+0.1 4.0+0.0 3.8+0.0 40+0.0 4.1+£0.0 3.7+0.0 3.7+0.0 39+0.2
Leu 7.1+£0.0 6.8+0.0 6.5+0.0 7.0+0.1 8.0+0.0 7.7+0.0 7.5+0.0 72+0.5
Lys 7.8+0.5 5.6 +0.1 84+04 7.7+0.0 6.5+0.2 6.2+0.2 72+0.0 7.1+1
Met 1.8 +0.0 1.9+0.1 1.7+0.0 22+0.0 1.3+0.1 1.9+0.0 1.2+0.0 1.7+04
Phe 5.8+04 73+0.2 5.8+0.1 5.0+0.1 47+0.1 4.0+0.1 4.6+0.1 53+1.1
Pro 5.6+0.0 5.8+0.1 5.1+0.0 5.5+0.1 5.0+0.1 4.8 +0.0 49+0.1 52+04
Ser 5.6+0.0 52+0.0 55+0.1 6.0 £0.1 57+0.1 54+0.1 54+0.0 55+£03
Thr 53+0.0 50£0.0 3.7+0.1 53+0.1 59+0.1 5.8+£0.0 6.0+0.0 53+£0.8
Tyr 36+0.1 42+0.1 54+03 34400 42+02 33+0.1 35+0.1 39+0.8
Val 6.1+0.1 5.8+0.1 55+00 6.6+0.0 6.8+0.0 6.7+0.0 6.9+0.0 63+0.5
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Table3  Amino acid composition of three species of green algae, sorted
by order, expressed as mean of two analytical measurements + SD, and
conducted on two samples of pooled algae material of several individuals
per species. Data represent the amino acids retrieved after acid hydrolysis
and are expressed as percentage of total amino acids

AA  Cladophorales  Ulvales
C. rupestris U. intestinalis ~ U. lactuca  Mean values

Ala 55400 9.2+0.0 84+02 77+19
Arg 6.5+0.1 52+0.0 6.4+0.2 6+0.7
Asp  153+0.1 14.6 £0.1 12.1+03 14+1.7
Glu 153+£0.2 13.2+0.1 13.5+0.5 14+1.1
Gly 6.7+0.1 59+0.0 64+£02 63+£04
His 1.4+0.0 1.3+0.1 1.8+0.1 1.5+03
Ile 3.6+0.0 4.0+0.0 42+0.1 39+03
Leu 7.0+0.0 7.3+0.0 80+0.0 74+05
Lys 74+0.2 54+0.1 55402 6.1+1.1
Met 1.8 +0.0 1.8 +0.0 22+0.1 2+02
Phe 45+02 49+0.2 56+04 5+0.6
Pro 57+0.0 7.3+0.0 47+0.1 59+13
Ser 43+0.1 5.0+0.0 55+0.1 49+0.6
Thr 5.1+0.0 5.8+0.0 55+0.1 55+04
Tyr 43+0.2 25+0.1 35+02 35+09
Val 5.8+0.0 6.5+0.0 64+0.1 63+04

protein values, high differences emerged in all species studied,
by up to 43.5 % in the brown alga P. canaliculata (Table 4).

N-Prot conversion factors The calculated N-Prot conversion
factors ranged from 3.53 + 0.1 in the brown alga
P canaliculata to 5.13 = 0.1 in the brown alga F. serratus
(Table 6). Mean values for each taxonomic group were
3.99 + 0.39 for red algae (n = 7), 4.24 + 0.46 for green algae
(n=3), and 4.17 = 0.44 for brown algae (n = 11). We calcu-
lated an overall average N-Prot factor of 4.12 + 0.42 (n = 21)
for all the seaweed species studied.

Discussion

In this study, we evaluate the amino acid composition of 21
seaweed species common in Norwegian waters. The species
show similar amino acid profiles, which are comparable to
earlier data on seaweeds collected worldwide (Ramos et al.
2000, Wong and Cheung 2000, Lourenco et al. 2002, Diniz
et al. 2011, Mahre et al. 2014). From the amino acid compo-
sition of the seaweeds, we calculated true protein contents (as
sum of amino acid residues), generally considered to be an
accurate method for protein evaluation (Heidelbaugh et al.
1975; Aitken et al. 1991, Salo-vddnanen and Koivistoinen
1996; Diniz et al. 2011). Calculating protein content based
on elemental nitrogen and a N-Prot factor of 6.25 results in

Table 4 Amino acid composition of 11 species of brown algae, sorted by order, expressed as mean of two analytical measurements expressed as mean of two analytical measurements + SD, and
conducted on two samples of pooled algae material of several individuals per species. Data represent the amino acids retrieved after acid hydrolysis and are expressed as percentage of total amino acids

Fucales

Ectocarpales

Laminariales

H. elongata P, canal. Mean values

F vesiculosus ~ H. siliquosa

F spiralis

F. serratus

S. latissima C. flagelliformis ~ A. nodosum

L. digitata

A. esculenta

AA

9.1+33
4.6 +0.5

7.5+0.0
4.6+0.1

6.9 +0.0
5103

6.5+0.1
4.7+0.0

72+03
49+0.3

7.1+0.1

49+0.1

6.8+0.2
44+0.1

6.9+0.1
44 +0.0

10.3+0.0
5.0+£0.0

16.6 £0.1 11.0+0.1
4.8 +0.0

13.3+0.1
3400

Ala

4.8+0.0

Arg

133+14
173 +4.5
5.6+05

123+0.2
18.7+0.3
5.7+0.1

142+04
144+12

11.5+0.2
25.0+0.6
49 +0.0

145 +0.7
150+0.3
57+02
1.7+0.1
44+0.1

142 +04
13.4 + 0.0
6.0+0.1
1.8+ 0.1
46+0.0
8.1+0.0
6.4+0.3
24+0.0
57+03
4.6 +0.0
5.6 0.0
55+0.0

14.0 £ 0.4
19.6 + 0.1
5.8+0.2
1.7+0.1
40+0.0
6.8 +0.1
55+£03

16.0 £ 0.1

123+0.2
13.6+£0.9
6.1+£0.2
1.8+0.1
43+0.1
8.1+0.1
59+0.1
24+0.1
51+03
49+0.1
55+0.0
5.6 +0.0

13.4+0.0
13.8+0.9
5.6 +£0.0

11.9+£0.0
14.7 £ 0.1

11.9+0.2
258 +04
4.6+0.0

Asp

163 +0.2
59+0.0
14+0.1
44 +0.1
7.5+0.1

Glu

6.0+0.2
1.9+0.1
43 +0.0
7.6 £0.1
7.0+04
1.9+0.1
49+04
4.1+0.1
6.0+0.2
59+0.2
37+03
6.1+0.1

53+0.0

Gly
His

1.7+0.2
41+04

1.6 £0.0
43+0.0
8.0+0.0
57+0.1

1.5+0.0
4.0+0.1
6.8 +0.0
54+0.1
2.1£0.0
4.5+0.0
4.0+0.1
49+0.1
52+0.1
3.1+0.0
59+0.1

1.6 £0.0
4.4 +0.1
7.9+0.1
59+0.1
2.4+0.0

1.8£0.0
3.6+0.0
6.6 +0.0
5.0+0.0
2.1+0.0
46+0.0
49+0.0
47+0.0
54+0.0
2.9+0.0
5.1+0.1

14+0.0
3.1+0.1
55+0.1
52+0.1

Ile

73+0.8
5.8+0.6
21+03
49+05
44+04

79 +0.0
63 +0.6
22+0.1
51+05
4.6 +0.0
5.6+0.1
5.6+0.1

Leu

55+0.0
2.0£0.0

Lys

Met

23£0.0
53+0.1

1.9+0.0
5.0+0.2
4.0+0.1
56+0.2

1.3+0.0
3.6+0.0
3.4+0.0
4.8+0.0
47+0.0

53+0.2
45+0.0

52+0.0
4.5+0.0

Phe
Pro
Ser
Thr
Tyr
Val

44+0.0
55+0.1
54+0.1

53+04
55+03

54+02
58+0.0

5.0+£0.0
53+0.1

55+0.0
3.7+0.2
5.6+0.0

32+04
58+04

2.6+0.0
6.0 0.1

3.1+£0.2
6.0 £0.1

3.7+0.2
6.0+0.0

29 +0.0
6.0+£0.2

3.1+£0.1
59+0.1

3.1£0.0
6.0+0.2

29+0.1
49+0.1
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Table 5 Total nitrogen (TN),

total amino acids (AA), total Species N Total AA AA-res AAN Protein N NPN

amino acid residues (AA-res),

nitrogen recovered in the amino Red algae

acids after hydrolysis (AAN), C. crispus 31+£02  128+0.1  11.0£00 1.8+00 589+36 41.1+36

protein N and non-protein F. lumbricalis 21400 87404 75403 13401 624412  37.6+12

nitrogen (NPN) of 21 species of

seaweeds. Data represent the M. stellatus 24+00 112402  9.6+02 16+00 657+05  343=05

mean of two analytical P. palmata 26=00 124+0.2 10.6 £0.1 1.7+£0.0 66.8+0.9 33.2+09

measurements + SD, conducted P. dioica 50£00 242+04  206+03 34+01  685+15 315+1.5

f%g;fi?’gj;gf;‘gﬁgﬁfgﬂ P. purpurea 290400 159401 135401 22400 766404 234+04

species. Data are expressed as P. umbilicalis 38+00 17.7+£02  151+02  25+00 645+00  355+0.0

percentage of the dry weight, Green algae

except protein N.and NPN that are C. rupestris 3.1+£00 139400 120+£00 19+00  60.6+1.1 394+ 1.1

expressed as percentage of total . L
U. intestinalis 24+03 13.1+£0.8 11.2+0.7 1.8 +0.1 753+ 15.1 247+ 15.1
U. lactuca 3.6+0.1 17.5+03 15.0+03 24+0.1 66.5+0.7 33.5+0.7

Brown algae

A. esculenta 23+0.0 11.8£0.1 10.1 £0.1 1.5£0.0 67.2+0.2 32.8+0.2
A. nodosum 0.7+0.0 3.5+0.0 3.0+0.0 0.5+0.0 62.7+0.1 37.3+0.1
C. flagelliformis 1.6+0.0 74+£04 63+0.3 1.0+£0.0 60.6£1.6 394+1.6
F serratus 0.8+0.0 46+0.1 39+0.1 0.6+0.0 78.0+1.8 22.0+1.8
F spiralis 0.9+0.1 4.6 +0.0 4.0+0.0 0.6 +0.0 66.2+9.5 33.8+9.5
F vesiculosus 09+0.1 43+0.0 3.7+0.0 0.6 +0.0 67.7+44 33.3+44
H. siliquosa 1.2+0.0 54+0.0 4.6+0.0 0.7+0.0 60.1 £0.0 39.9+0.0
H. elongata 1.4+0.0 59+0.1 5.0+0.1 0.8+0.0 56.5+0.9 435+£09
L. digitata 1.5+0.0 7.7+0.1 6.6+0.1 1.1 +0.0 68.2+1.2 31.8+1.2
P, canaliculata 1.2+0.0 4.8+0.0 4.1+0.0 0.6 +0.0 542+1.2 458+1.2
S. latissima 1.9+0.0 9.8+0.0 8.38+0.0 1.3+0.0 68.5+0.3 31.5+03

an overestimation of the protein content in seaweeds. From
the data on amino acid composition and total nitrogen, we
calculate specific N-Prot conversion factors for each sample.

Amino acid composition All the seaweeds in this study are
rich in glutamic and aspartic acids. These acidic amino acids,
responsible for the typical umami taste of the seaweeds, reach
together up to 23 % of total amino acids in red algae, 28 % in
green algae, and 30 % in brown algae. Previous studies have
also described higher levels of glutamic and aspartic acids in
brown algae than in the other two taxonomic groups
(Lourenco et al. 2002, Diniz et al. 2011, Mahre et al. 2014).
Average values for individual amino acids are similar among
the taxonomic groups, although some differences exist. For
example, lysine and arginine are higher in red algae than in
green and brown algae, in accordance with previous studies
(Ramos et al. 2000; Lourengo et al. 2002; Mahre et al. 2014).
A balanced essential amino acid (EEA) profile defines (in
part) the quality of a protein. Compared to common protein
sources like soybean meal (SBM) and fishmeal (FM), the
EAA profiles of the seaweeds in this study show lower levels
of histidine and methionine, while levels of arginine and ly-
sine in red algae and leucine, phenylalanine, threonine,

@ Springer

tyrosine, and valine in all seaweeds are higher compared to
SBM and FM.

Protein content Protein data on seaweeds from Norwegian
waters are scarce and only cover a few species. In the present
study, we estimate protein contents of the seaweeds using the
sum of the amino acid residues after hydrolysis (true protein).
Some amino acids are destroyed during acid hydrolysis (22 h
HCl), e.g., the acid-labile amino acids tryptophan (Trp) and
cysteine (Cys); however, levels of cysteine in seaweeds ap-
pears to be very low (Aitken et al. 1991, Mahre et al. 2014).
True protein values vary widely between the species studied,
ranging from 3 % in the brown alga A. nodosum to 21 % of the
dry weight in the red alga P. dioica. True protein levels found
by Mahre et al. (2014) were mostly in line with our data;
however, some differences are observed. For example,
Mahre et al. (2014) reported four and two times higher protein
contents in the green algae C. rupestris (L.) Kiitzing and Ulva
lactuca L, respectively, compared to our study. These differ-
ences may be explained by different harvesting periods and
locations of the seaweeds between the two studies. Seasonal
and geographical variations of the protein content in seaweeds
are indeed very common (Aitken etal. 1991; Fleurence 1999a;
Galland-Irmouli et al. 1999; Radde et al. 2004; Khairy and El-
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Table 6 Crude protein (CP) and

true protein (TP) content of 21 Species Ccp TP A% N-Prot factor Mean N-Prot factors
species of seaweeds, both
expressed as percentage of the dry Red algae
weight. Difference between CP C. crispus 193+1.0 11.0£0.0 433 3.55+0.2 399+039(n="7)
and TP (A%), N-Prot conversion FE lumbricalis 131403 75403 425 3.59+0.1
f)“yctt‘;f(;r?;‘ii‘zl;guﬁflg‘;;fac“’rs M. stellatus 152+0.1 96+02 371 393400
represent the mean of two P, palmata 162+0.1 10.6+0.1 345 410+0.1
analytical measurements + SD, P, dioica 31.0+0.2 20.6 +0.3 33.6 4.15+0.1
conducted on two samples of P. purpurea 18.0+ 0.0 13.5+0.1 25.0 4.69+0.0
pooled algae material of several o
individuals per species P. umbilicalis 24.0+0.2 15.1+0.2 373 392+0.0
Green algae
C. rupestris 19.5+0.0 12.0+£0.0 389 3.82+0.1 424 +0.46 (n=13)
U. intestinalis 148 +£0.3 11.2+£0.7 243 473+1.0
U. lactuca 226 +£0.1 15.0+0.3 335 4.15+0.1
Brown algae
A. esculenta 142 +£0.1 10.1 £0.1 28.8 4.45+0.0 417044 (n=11)
A. nodosum 45+0.0 3.0+0.0 342 4.11+£0.0
C. flagelliformis 102402 634023 387 3.83+0.1
F. serratus 4.8+0.1 39+0.1 17.9 5.13+0.1
F. spiralis 58+£09 4.0+0.0 32.0 4.26+0.6
F vesiculosus 54+05 37+£0.0 31.2 430+0.3
H. siliquosa 73+£0.0 4.6+0.0 36.0 4.00+0.0
H. elongata 8.7+0.1 50+0.1 424 3.60+0.1
L. digitata 9.6+0.1 6.6 +0.1 31.7 427+0.1
P, canaliculata 73+0.1 4.1+0.0 43.5 3.53+0.1
S. latissima 12.0 +0.0 8.38+0.0 30.0 4.37+0.0

Shafay 2013). The average true protein value found in this
study (9 % of the dry weight) is similar to the value reported
for polar seaweed species (8 % of the dry weight) by Angell
et al. (2015). When comparing the protein content among
taxonomic groups, the brown algae generally have a lower
protein content than both red and green algae. This pattern is
well established in the literature on seaweeds worldwide
(Angell et al. 2015).

Protein evaluation in seaweeds is often based on analysis of
total nitrogen and indirect estimation of crude protein
(TN x 6.25). In this study, crude protein values of the sea-
weeds are much higher than protein contents estimated from
the amino acid composition. This overestimation of protein
content ranges from 18 to 44 %. These results are in agree-
ment with previous studies in which the protein content of
seaweeds has been assessed by using both crude and true
protein methods (Aitken et al. 1991, Lourengo et al. 2002,
Diniz et al. 2011, Shuuluka et al. 2013). For example,
Aitken et al. (1991) found up to 31 % higher crude protein
than true protein values in two species of red algae,
Pyrophyllon subtumens (J. Agardh ex Laing) W.A.Nelson
(as Porphyra subtumens) and Pyropia columbina
(Montagne) W.A.Nelson (as Porphyra columbina). The over-
estimation of the protein content by crude protein found in this

study confirms that 6.25 is an inappropriate factor for protein
estimation for seaweeds.

N-Prot conversion factors In the present study, we calculate
specific N-Prot conversion factors for each seaweed species.
In the literature, N-Prot conversion factors have been calcu-
lated for different materials using two main methods, based on
Mossé (1990). In the first method, a N-Prot conversion factor,
referred to as k,_is calculated from the ratio of total amino acid
residues to the overall nitrogen content in the amino acid pool
after acid hydrolysis (Mossé 1990). This method does not take
into account the NPN content of the matrix analyzed. In the
second method, a factor referred to as kp is determined from
the ratio of amino acid residues to total nitrogen of the sample,
each quantified by independent chemical methods (Mossé
1990). Considering that seaweeds typically contain high
amounts of NPN, kp is considered to be a better method to
calculate specific N-Prot conversion factors for algal samples
than k4 (Lourenco et al. 2002, Diniz et al. 2011, Templeton
and Laurens 2015). In this study, an average of 34 % of total
nitrogen is NPN, making the use of kp factors the most suit-
able for our purpose.

To the best of our knowledge, this is the first study calcu-
lating N-Prot conversion factors in Norwegian seaweeds. The
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kp factors calculated in this study, between 3 and 5, are slightly
lower than previous N-Prot factors described for tropical and
temperate seaweeds, which ranged between 3.94 and 5.96
(Aitken et al. 1991, Lourenco et al. 2002, Diniz et al. 2011,
Shuuluka et al. 2013). Angell et al. (2015), in the framework
of a meta-analysis, calculated noticeably lower N-Prot factors
in polar seaweeds (mean 3.04), compared to species from
temperate and tropical regions. Mean kp factors for red, green,
and brown algae were 3.99 + 0.39, 4.24 + 0.46, and
4.17 + 0.44, with an overall mean kp conversion of
4.12 £ 0.42. The kp factors calculated in this work could be
applied retrospectively to previous protein data from these
species in Norwegian waters. Both tissue nitrogen and amino
acid composition of seaweeds can be influenced by the nitro-
gen content of the environment (Hanisak 1979; Angell et al.
2014), resulting in high individual variations in kp factors
(Aitken et al. 1991). For future research, we therefore suggest
that sample-specific N-Prot factors are calculated when possi-
ble, for a more accurate estimate of protein contents of the
seaweeds, especially if the seaweeds are harvested in a differ-
ent location and/or period of the year.
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