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Highlights
* Algae as a sustainable alternative food source
* Algae are highly nutritious

* Algae have great potential in the food and supplement industries

Abstract

The rapidly growing global population has driven an ever-increasing demand for food,
which in turn outstrips the capacity of conventional food production due to constraints in
arable land, resource availability, and environmental impacts. Algae have thus emerged as a
promising alternative food source, offering high-quality protein, lipids, polyunsaturated fatty
acids (PUFAs), vitamins, minerals, and other bioactive compounds in significant quantities.
Broadly, algae can be categorized into macroalgae and microalgae, each possessing distinct
nutritional profiles and avenues for industrial application. Macroalgae, especially seaweed,
traditionally consumed in coastal regions, are well-known for their dietary use, while
microalgae such as Spirulina and Chlorella have seen widespread development for health
supplements and cosmeceuticals. This article provides an overview of both freshwater and
marine algae that are considered edible, highlighting their key nutritional components
particularly essential amino acid-rich proteins, PUFAs, polysaccharides, vitamins, and minerals.
Although industrial-scale cultivation of algae still faces significant challenges such as high
production costs, the need for robust safety standards, and variability in environmental
conditions growing consumer interest in health and environmental sustainability has elevated
algae’s status as a “functional food”. With continued technological innovation, supportive
regulations, and greater consumer acceptance, algae are poised to become an important

component of the global food system in the future.

Keywords : algae, nutritional value, alternative food
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(9-10,4-18)

Table 1 Algae that has been reported to be edible or used as an ingredient in food products

Green marine:
(Chlorophyta)

Ulva lactuca

U. rigida
Monostroma nitidum
Caulerpa lentillifera
Ca. racemosa

Codium spp.

Brown marine:

(Phaeophyceae)

Macroalgae

Ascophyllum nodosum
Fucus serratus

F. spiralis

F. vesiculosus
Laminaria digitata

L. japonica

L. longicruris

L. saccharina
Saccharina latissimi
S. japonica

Undaria pinnatifida
Eisenia bicyclis
Sargassum fusiforme

Bifurcaria bifurcata

Red marine:
(Rhodophyta)

P. palmata

C. crispus
Lithothamnium calcareum
Gracilariopsis longissimi
Gracilaria sp.

Porphyra tenera

Po. umbilicalis

Po. yezoensis

Po. dioica

Po. laciniata

Po. purpurea

Po. leucostica

Green freshwater (Chlorophyta)

Spirogyra neglecta
Microspora sp.
Rhizoclonium sp.

Cladophora glomerata

Microalgae Green freshwater
(Chlorophyta)

Auxenochlorella pyrenoidosa
Au. protothecoides

Chlorella vulgaris

Ch. lobophora

Ch. sorokiniana
Heterochlorella luteoviridis
Jaagichlorella luteoviridis

H. pluvialis

Nannochloropsis sp.
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Table 1 (continued)

Green freshwater
(Chlorophyta)

Isochrysis sp.
D. salina*

Tetraselmis sp.*

Microalgae

Red marine microalgae (Rhodophyta)

Porphyridium sp.

Other

Euglena gracilis

Schizochytrium sp.

Blue-green algae

(Cyanobacteria)

Sp. platensis

Sp. maxima

Arthrospira fusiformis
Aphanizomenon flos-aquae
Nostoc sp.

Nostochopsis sp.

(*found in freshwater and marine habitat)
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Arthrospira (Spirulina) sp. Wag Chlorella sp.
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Table 2 Protein content of some edible algae
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27-33)

Algae

Protein content
(% of dry weight)

Microalgae
Ch. vulgaris
H. pluvialis
Porphyridium cruentum
Macroalgae
Spirogyra sp.
Cladophora sp.
Ca. cupressoides
Ca. racemosa
U. intestinalis
U. lactuca
Un. pinnatifida
L. saccharina
Gracilaria spp.
C. crispus
Po. umbilicalis
Po tenera
P. palmata
Blue-green algae (Cyanobacteria)
Ar. platensis

Ar. maxima

51.0-58.0
48.0
28.0-39.0

6.0-20.0
16.0-21.5
20.8
12.5-174
17.9
37.1
11.0-24.0
6.0-11.0
5.2-23.6
20.0
15.0-37.0
ar5
12.0-21.0

55.0-70.0
60.0-71.0
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Table 3 Essential amino acid content of some edible algae®®

Essential amino acid content (% of total proteins)

Algae
: Histidine Isoleucine Leucine Lysine Methionine Phenylalanine Threonine Tryptophan Valine

Microalgae

Chlorella sp. 1.8 3.8 7.8 52 22 4.3 4.0 0.8 53

Ch. vulgaris 2.0 3.8 8.8 8.4 22 5.0 4.8 - 55

Phaeodactylum tricornutum 1.5 4.6 7.0 6.4 2.7 4.8 4.8 2.6 5.1

Nannochloropsis granulata 23 5.6 11.0 8.5 35 6.2 54 2.8 7.1

Tetraselmis chuii 1.6 3.4 7.3 5.6 24 a.7 4.0 23 4.8
Macroalgae

Spi porticalis 1.5 52 8.6 6.5 1.6 4.2 4.4 1.1 53

U. armoricana 1.2-2.1 2.3-3.6 4.6-6.7 3.5-4.4 1.4-2.6 5.0-7.1 4.5-6.8 - 4.0-5.2

U. lactuca 0.3 0.8 1.6 1.1 0.4 1.3 1.2 14 1.4

P. palmata 0.5-1.2 3.5-3.7 59-7.1 2.7-5.0 2.7-4.5 4.4-5.3 5.1-6.9 3.0 5.1-6.9

Po. tenera 1.4 4.0 8.7 4.5 1.1 39 6.4 1.3 6.4
Blue-green algae (cyanobacteria)

Sp. platensis 22 6.7 9.8 4.8 25 53 6.2 - 7.1
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Table 4 Lipid content of some edible algae'

Arachidonic acid #Sansmazs1Aladn LA
Linoleic acid n3ansadlutadn) (Table 5%
A1119189ELa Enteromorpha compressa 8T
lusfuviin AAluvnigfiamsnenziavuinidn
9819 Phaeodactylum tricornutu wag Isochrysis
galbana &41AS1%% EPA way DHA lawgngidl
Useans a1 luduanamsiegninlulelu
p1silandu o1msiasy Tnensalvdiungy
lowuni-3 gniduluuunsdviunisnuas

@

wdnFausivngaiala luvugiivealnafinain
@11318 Polarella glacialis waglnaladiin
910 N. gadlitana flgviddusyyadassuasiiy
NNTONLEU LAUNEEINTULIBE1919ULALTEUY
tdsen (drug delivery)® uananiilnsnaiee
lsdanamhedigniteiiienanlulefualddn
Ae g nsigvuiaaniusualeduiesay 20-
50 e minus wnzdmdunsnaslewn-
3 druamssvuaivgdluiutdeunin (Gevay
2-10) unlinsalvsduafansaladueiin AA uay

ALA Tudndiuiunnninansiegauiaan?

34,43-44)

Algae

Lipid
(% of dry weight)

Microalgae
T. chuii (PLY-429)
Ch. emersonii
Ch. minutissima
Ch. protothecoides
Ch. pyrenoidosa
D. bioculata
D. primolecta
D. salina
D. tertiolecta
N. granulate (CCMP-535)

N. granulata (CCMP-535)

12.3
28.0-32.0
57.0
57.9
2.0
8.0
23.0
6.0
35.6
23.6

47.8
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Table 4 (continued)

Lipid
Algae
(% of dry weight)
Microalgae
Ph. tricornutum (CCMP-1327) 18.2
Ph. tricornutum 20.0-30.0
Neochloris oleoabundans (UTEX-1185) 15.4
Por. aerugineum (UTEX-755) 13.7
Acutodesmus dimorphus (UTEX-1237) 18.8
Macroalgae
Co. fragile 1.8
En. linza 1.8
Gelidium amansii 0-3.1
Po. tenera a.4
Gracillaria verrucosa 3.2
L. japonica 1.8-2.4
Hizikia fusiforme 0.4-1.5
S. japonica 0.5
Sa. fulvellum 1.4-1.6
Ecklonia stolonifera 24
Un. pinnatifida 1.8-2.0
Spirogyra sp. 11.0-21.0
Blue-green algae (Cyanobacteria)
Sp. maxima 6.0-7.0
Sp. platensis 4.0-9.0
Table 5 The amount of PUFAs in some algae®®**"
PUFAs
Algae (% of total fatty acids)
ALA EPA DHA
Microalgae
Chlamydomonas mexicana 14.3 - -
Chl. reinhardti 44.0 - -
Ch. sorokiniana 11.0 24 -
Ch. vulgaris 18.3-35.4 0.9 0.5
Nannochloropsis sp. 0.1-17 4.0-34.0 -
N. oceanica - 27.0 -
N. oculata - 34.0 -
N. salina 0.9 12.7 -
Ph. tricornutum - 17.7-30.0 0.7-2.4
Schizochytrium limacinum 1.0 1.0 45.0
D. salina 12.9 - 154
Pavlova lutheri 0.5 23.4 13.5
Por. cruentum - 254 0.1
I. galbana 6.0-11.0 3.0-7.0 10.0-14.0
I. zhangjiangensis 11.0 2.0 14.0
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Table 5 (continued)

PUFAs
Algae (% of total fatty acids)
ALA EPA DHA

Microalgae

Crypthecodinium cohnii - - 37.0-40.0

Odontella aurita 0.8 25.6 3.8

Rhodomonas sp. 19.8 77 3.8

Tetraselmis sp. 13.6-18.8 3.7-9.4 -

Skeletonema sp. 0.1 10.8 22

Tisochrysis lutea - 2.8 12.7
Macroalgae

Co. fragile 14.2-19.9 3.0-4.4 -

Co. tomentosum 12.0 2.0 12.0

Sa. muticum 6.2 13.9 73

Un. pinnatifida 7.5 131 8.6

Colpomenia peregrina 1.5 2.6 58

G. gracilis - 5.6 -

Calliblepharis jubata - 6.2 22.3

Emiliania huxleyi - - 9.2

aslulawnsn (carbohydrates)
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Table 6 The amount of carbohydrate content in algae
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34,43,54-55)

Algae

carbohydrate content
(% of dry weight)

Microalgae
Ch. vulgaris
Scenedesmus sp.
Chl. reinhardti
Haematococcus sp.
Ph. tricornutum
N. granulata
Neochlorisoleo abundans
Por. aerugineum
A. dimorphus
T. chuii
Macroalgae
Po. tenera
Po. rotunda
G. verrucosa
L. japonica
L. digitata
L. articulata
H. fusiforme
S. japonica
S. latissima
Sa. fulvellum
Ecklonia stolonifera
Un. pinnatifida
Cladophora sp.
U. lactuca
A. nodosum
P. palmata
F. serratus
Punctaria latifolia
Blue-green algae (Cyanobacteria)
Sp. platensis

5.3-22.7
16.4-45.4
3.3-37.0
6.3-48.8
252
27.4-36.2
37.8
45.8
38.6
25.0

359
52.7
335
51.9-59.7
65.3
36.2
28.6-59.0
4a4.5
73.0
39.6-66.0
48.6
40.1-52.0
25.1-60.9
71.8
66.4
66.1
69.5
50.5

3.3-42.5
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Table 7 Mineral content in some edible algae®'
Vitami Quantitative
itamin
(pg/g dry weight)
T. suecica 323
L I. galbana 14.0
Vitamin B1
D. tertiolecta 29.0
Ch. stismatophora 14.6
T. suecica 19.1
I. galbana 30.0
D. tertiolecta 31.2
Vitamin B2 Ch. stismatophora 19.6
N. eaditana 22.1
Chlorella sp. 20.7-33.6
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Table 7 (continued)

Quantitative
Vitamin Algae .
(ug/g dry weight)
o N. eaditana 240.0
Vitamin B3
Chlorella sp. 110.0
T. suecica 37.7
L. galbana 9.1
Vitamin B5
D. tertiolecta 13.2
Ch. stismatophora 214
T. suecica 0.8
I. ealbana 1.0
Vitamin B7
D. tertiolecta 0.9
Ch. stismatophora 1.1
D. tertiolecta 2,310.0
Ch. pyrenoidosa 1,000.0-2,000.0
T. suecica 191.0
L. galbana 119.0
D. tertiolecta 163.0
L Ch. stismatophora 100.2
Vitamin C
Tetraselmis sp. 3,000.0
Stichoccus sp. 2,500.0
A. nodosum 810.0
U. rigida 940.0
Un. pinnatifida 1,840.0
Himanthalia sp. 460.0
N. oculata SAG38.85 1,440.0
H. pluvialis 1,180.0
Microchloropsis salina 1,090.0
Coccomyxa sp. 1,060.0
Chlorococcumnovae angliae 785.0
Chl.s nivalis 719.7
N. oculata 2,320.0
T. suecica 421.8
Vitamin E
I. ealbana 58.2
Ch. stismatophora 669.0
D. tertiolecta 160.0-1,810.0
T. suecica 390.0
I. ealbana 55.4
Trentepholia aurea 2,400.0
E. gracilis 1,422.0
Diacronema vlkianum 551.3
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Table 8 The amount of minerals found in algae'®**”

Minerals in algae (mg/100 g of dry weight)

Hleae Calcium Potassium Magnesium Sodium Copper Iron Zinc lodine

Microalgae

Por. cruentum 2,067.8 1,102.0 473.7 4,452.6 1.2 37.7 11.5 -

I. galbana 1,145.5 1,314.4 400.4 2,735.0 2.8 31.0 13.4 -

Ph. tricornutum 2,905.1 2,408.9 1,448.1 4,328.9 55 87.7 10.3 -

T. suecica 1,790.7 1,349.4 601.4 3,223.1 1.1 30.9 6.6 -

N. gaditana 631.3 1,260.7 370.3 2,022.6 29 48.9 10.1 -
Macroalgae

A. nodosum 900.0 4,400.0 700.0 3,900.0 - 133 - 75.0-125.0

L. digitata 1,005.0 11,579.0 659.0 3,818.0 <0.5 33 2.0 304.0

Himanthalia elongata 909.0 6,739.0 827.0 3,700.0 - - 3.8 -

Un. pinnatifida 931.0 8,669.0 1,181.0 7,064.0 <0.5 - 1.7 25.0

Ca. lentillifera 1,874.0 1,143.0 1,029.0 8,917.0 0.1 21.4 35 -

U. rigida 525.0 1,561.0 2,094.0 1,595.0 0.5 283.0 0.6 -

P. palmata 1,000.0 2,700.0 200.0 1,100.0 0.6 32.0 29 -

Po. umbilicus 687.0 1,407.0 283.0 1,173.0 - 18.2 4.2 17.0

C. crispus 420.0 3,184.0 732.0 427.0 <0.5 4.0 7.1 20.0-30.0

G. vermiculophylla 0.4 4.9 0.3 - 0.0015 0.04 0.0024 -
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