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Highlights
* Algae are rich in nutrients
* Algae as a novel source of prebiotics

* Algae exhibit prebiotic properties and possess various biological benefits

Abstract

The global population is interested in healthy food consumption, nutritional trends,
and sources of prebiotics. Algae are rich in nutritional composition, including carbohydrates,
protein, and unsaturated fatty acids, and they have high biological properties. Polysaccharide
from algae has prebiotic potential and can be applied to health food product corporations.
There are antioxidants, anticancer, lower blood pressure, and biological activities. This review
provides an overview of algae, including macro- and micro-algae, as well as nutrition,
prebiotic, and food applications. The interaction of algae prebiotic and probiotic are

combined, and their health benefits.
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Table 1 Health effects from algae and their incorporation into food products?

Kappaphycus, Furcellaria,
Soliera

Commercial Bioactive .
Algae . Products Positive health effects
biomass form compounds

Chlorella vulgaris Powder Cheese Carbohydrate, Anticancer; lowering gadtric
Arthrospira platensis protein, W-3 fatty ulcets, neurosis, hypertension,

acid anemia, constipation, diabetes,

infant malnutrition
Dunaliella sp Powder Miso Protein, vitamins, Antioxidative response
Spirulina sp minerals
Spirulina sp Powder and Non-alcohol | Protein, Protein, chlorophylls,
extract beverage chlorophylls, phycocyanin

phycocyanin
Hematococcus pluvialis Powder or flour | Biscuits Protein, W-3 fatty Antioxidative response
Phaeodactylum tricornutum acid,DHA, EPA,

astaxanthin
Arthrospira plantensis Powder or flour | Bread and Protein, vitamin, Reduction in cholesterol and fat
Chlorella sp cookies mineral levels, satiety induction
Chlorella sp Powder and Milk Protein, W-3 fatty Reduced onset of anemia
Spirulina sp extract acid,DHA, EPA,
Tetraselmis suecica Food Extract - Prevention from diabetes and

supplement obesity

Chlorella sp Food Powder, Protein, W-3 fatty Prevent from constipation,
Schizochytrium sp supplement flour, tablet | acid satiety induction
Thraustochytrium sp or liquid
Ulva, Porphyra, Food Powder Polysaccharide Immunomodulatory,
Laminaria/saccharina, supplement Antilipidaemic and
Rhodella, Fucus, hypocholesterolaemic
Ascophyllum, Sargassum
Gracilaria, Cladosiphob, Food Powder Polysaccharide Immunomodulatory
Monostroma, Capsosiphon, | supplement
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Table 1 (continued)

Commercial Bioactive
Algae . Products Positive health effects
biomass form compounds
Chlorella, Phaedactlylum, Food Powder Polysaccharide Immunomodulatory
Gyrodinium supplement
Haematococcus pluvialis Food Capsules Astaxans, W-3 fatty | UV protection, anticoagu-latory
supplement acid, DHA, EPA, & anti-inflamma-tory effects,
immunity modulation, improve
cardiovascular health
Arthrospira platensis Oil - Carotenoids Antimicrobial and antiviral
properties
Dunaliella salina Culinary Powder Carotenoids Antioxidative response
condiment with
sea salt
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flans galactofucans Haelunsdruludy iy

HDL sulisa duilesen Yagluisegiiquiu
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Auanseuyadasy Undesszuudsvaim Ay
5 arstesiuidonuds A1uni1soniay
@11 318 Spatoglossum schroederi i'l%1a-
nuanltayuay (xylo-galactofucan) 1Uuans
AIUBUNABATE A8 Ascophyllum Hans
pz510lulwnau (arabinoxylans) tglun1susu

a

dun3gluanld amsie Chlorella vulgaris,

9

Table 2 Prebiotic potential from algae®

Ascophyllum sp. wag Fucus sp. 3 glucans
ﬁaaiumié’ugqmm%zwaqLﬁuaqaﬂ UoaiunIs
am%" 9 Wa¥aIMsNe Laminaria sp., Saccharina
sp., Undaria, k&g Enteromorpha sp. Hansanil-
w3y (laminarin) Faelunisanludulubon wag
svsuihaaludenldedneniags seasden

sawanslu Table 2

Prebiotic

Algae

Health beneficial effects

AGAROS

(agaro-oligosaccharides)

Pheophyta (brown algae)

Immunomodulatory (decrease of proinflammatory
cytokines) antiinflammatory, carcinostatic,
antioxidant, hepatoprotective, and a-glucosidase

inhibitory activities

NAQOS (neoagaro-

oligosaccharides)

Gracilaria sp., Monostroma

sp.

ROS scavenging, antioxidant and immunomodulatory
effects, stimulation of lactobacilli and bifidobacteria

populations

COS (carrageenan-

oligosaccharides)

Kappaphycus sp., Porphyria
sp., Gracilaria sp.

Immunomodulation, skin whitening, and moisturizing,
stimulation of lactobacilli and bifidobacteria

populations, repair of intestinal damage

ALGOS (alginate-
oligosaccharides)

Ascophyllum sp., Fucus sp.,
Undaria sp., Sargassum sp.,
Laminaria sp., Macrocystis sp.

Reactive oxygen species (ROS) scavenging,
antioxidant and immunomodulatory effects, weight
control, reduction of cholesterol, diabetes control
(hypoglycemic and hypolipidemic properties),
promotion of fecal microbiota metabolism,
production of short chain fatty acids by the gut
microbiota; decrease of putrefactive compounds and
microorganisms, decrease of metabolic syndrome

risk

Fucoidans (FUCQOS)

Cladosiphon (aka Okinawa)
Ascophyllum (nodosm),
Fucus sp. Sargassum sp.,
Fucus evanesens, Fucus

vesciculosus

Hypocholesterolaemic, immunomodulatory, anti-
obesity, anti-hyperlipidemia, attenuation of hepatic
steatosis, anti-diabetes (reduction of insulin
resistance), anti-hypertensive, antioxidant,
anticoagulant, anticancer, antimetastatic plant

antioxidant
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Table 2 (continued)

Prebiotic

Algae

Health beneficial effects

Galactofucans

Undaria pinnatifida, Dictyota
menstrualis, Lobophora
variegate, Adenocystis
utricularis

Anti-lipidaemic, increases HDL, antiviral, antitumor,
immunomodulator, antioxidant, neuroprotective,
antiviral, anticoagulant, antitumor, anti-proliferative,
immunomodulatory, anti-inflammatory induced
osteoblastic differentiation, peripheral anti-nociceptive,
anti-inflammatory, antioxidant, anticoagulant, anti-

proliferative, antiviral, anti-thrombotic

Xylo-galactofucans

Spatoglossum schroederi

Peripheral anti-nociceptive, anti-proliferative, anti-

adhesive, antioxidant

Arabinoxylans

Ascophyllum

Modulation of intestinal microbiota

Undaria, Enteromorpha sp.

Glucans Chlorella vulgaris Antitumor, infection preventive agent
Ascophyllum sp., Fucus sp.
Laminarin Laminaria sp., Saccharina sp., | Antilipidemic, hypocholesterolaemic, fast decrease

of blood glucose

nMATeTiAgTestunsUsEyndld
amsreTindulnsluledn anunsatisativany
n1svaseyvadinsiulefn wazsadiugduvsdne
Tsaunsadiala laun Chlorella vulgaris @3y
N13L3YV8Y Lactobacillus brevis wagaiuvi
T9szey log phase Huas Spirulina platensis
way Chlorella vulgaris @4L@3UN1TLATYVD
wuafiseudnin uazifiudnsnisogsonuos
Inslulefin Dunaliella tertiolecta @ua3unis

13y ves Bacillus sp. ¥r8U5uUgInfiAuY

Y

a

Navicula sp. @4LA@TUNITLITEY VD 9
Lactobacillus sakei ¥reluyTulsaniiauiu
LagA1ueUYadasy Euglena gracilis delasy
N151938) V83 Bacillus licheniformis %59

Bacillus subtilis $38USuUTIAMAINLAL SEUY

QilAufY way Pavlova pinguis @94d@3UN1s
L938yV83 Pharobacter inhibens aan13fALY o
31nqauUNIdnalsa Vibrio sp. WuI1 aANITANY

v 1

YDIAIDDUNBY SIUATLDYARNINITIE Table 3
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Table 3 Prebiotic properties from algae on probiotic growth and health benefits?

Algae Probiotic

Activities

Health benefits

Chlorella vulgaris Lactobacillus brevis

Improving the probiotic
growth, health, product yield

Algae shortening the log phase,

improving lactic acid yield, enzyme

and other desirable properties | properties activity and acidifying

activity of probiotics

Chlorella vulgaris, Lactic acid bacteria

Spirulina platensis

Supplementing microalgae in
milk products for improving

its storage and shelf-life

Increasing the viability of probiotics
in final product but also the

sensory attributes

Spirulina platensis Lactococcus lactis sp.

Supplementing microalgae in
yogurt to improve health
benefits due to probiotic
enrichment

Increasing the viability of probiotics
and lactic acid bacteria

unasy

amsegaulumigasdisznauniwaii

o w o

d1fey waziludnisussendldivainuaneuin

v
3 &

Fu lugrugmsiduunasvesslulefinifinaen
malavuinsmaden dnaainlunisialuleluy
drunslulefinfioangniniadanin Faeiiiu
Usgandamnisldanulusmundsnssy o1ms

a 14

WOAUNIN Laza1uIINeAIARINNITB

o w

Mavua anudntwwanilduuuinieidifay
Tun1swalurarun1ea1umaluladdinan
AN1318U99a15USLNB UM IHINTULant Ine

191518 LN IAT I ANVBUINNIILNTUINT

LONE1591999

vostjuilnawiniu uddsmudmalunistostu
lsmaae aaUsglegilunisldnslulefinain
Anenglanazansevuinan ldsinuie
msldansatanedudnanlssvintuy uidssauis
a15d1f By 9 wu nsaluiuadinliduds
139991 (polyunsaturated fatty acids, PUFA)
Tuluudnanlss wodilusa waznsnezdlufiny
laluainsie Zdrudrslunisduasugunin
wazildnearmiunsluledn d18lunns
Ysuwasululasluley wazdwmaldauinae
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