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Marine algae are rich in a variety of bioactive compounds with antioxidant
and anti-inflammatory properties and contain large amounts of dietary fiber,
which has a positive effect on the gut. These properties make algae an important
resource for a variety of industries, including functional food production
and pharmacological and medical applications, and algae fermentation
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technology in particular can be used in a variety of ways in these industries.
Although algae are recognized as an important source of novel bioactive
compounds, they are underdeveloped compared to terrestrial plant biomass.
Current technologies for extracting compounds from algae for industrial
use suffer from low yields and poor cost efficiency due to difficulties in
handling the cell walls, but recent progress has been made in the production
of novel algal fermentation products using microorganisms from lactic acid
bacteria and yeast species. These algae-fermented products can play an
important role in the functional food and nutraceutical markets, making
them more attractive to consumers. Algae fermentation is one of the most
important ways to increase the added value of marine resources. It can increase
the polyphenol content, antioxidant activity and bioavailability of bioactive
compounds and improve the umami flavor of algae to increase consumer
satisfaction. In addition, algae fermentation is a sustainable processing
method that can preserve large amounts of aquaculture biomass and is a
natural extraction method due to the absence of toxic chemicals. Although
algae fermentation technology still requires a lot of research, it is expected
to play an important role in the future as the algae industry expands.
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e = QR XgfagolA wie- F83 IS o
T7e2 Aol 4l AR BEdkes R0 Holal, A%
£ =ol= 9] 9 F sholH, A ol 8ES =0l= 58
F SXIA01R}E, SA19] BhS o £ Ti== F83%) 7|&0] =
THMcGovern et al., 2017). aAE9] 2= X%, 9412
E ek, 7R, B4, 2, galas, e wa FHA
50| oH, o= A AA e EslHoA 98] FARR] gz
AL ot HRAEL FAGS HESk A AlAIOIA Tk
G E 7eTt AEEo] SAR R JLEL HEE 4
ZFo| HELE FIAI7]7] Sl =2 ARgol =370, FAH
oz IR E o]dskA| ¢l B a7t 52 oA B2
Ao, Ao ol28 Ya7|&S JFE AXE HIES b
ot Holg )=t McGovern et al., 2004, Hussain et al.,
2016, McGovern et al., 2017). HFEZQ A= Pseudomonas
denitrificans®] 3714 HAE &3] BlEM B12E AAls}o]
ok WIg S Aol gt o g X75s 4 QA He 5 Hg
71&2 ME2E RIEE st oju] EAjsk= A=AE A
Arsl=d] AAlZQl 7]<40] Edtt Uchida & Miyoshi, 2013).
OJekE AxETE o el HaE o]8sio] ThEolRl AlEES A

A giold, AE A she

&

)

W 5 SRl A0 R of AR gk 221 IRAE R
HAIA A =22 & B9 obdg, 7, S, I8,
AT Agh 22 AHo AP =FAY YAl B
FL Aoz A& UrKHeeba et al., 2021; Petrova et al.,
2021; Dimidi et al., 2019; Sanders, 2008; Olivares et al.,
2000). o|#gt of2|7HA] o] & &Y WaE MR e
B0l Frelst SIRFE-E ABilotal Jgao] A HdE 7hAlst
= 71EEA AAHRL 9l

T B2 AAEo] si2F A7l ojudt It =
Aof| tisto] FAFH o R AstaL it} siRFoll= EFHs,
EofEo|E, Y=oy, v, Exs} A 5 ofH7HA|
ot e 24 sRekEo] FHSHA R0l Jlom, Aket
A FASol a3 Aer A UKPal et al., 2014;
Panzella and Napolitano, 2017). °]&Jgt sf2F-9] A=|&A]
AE2 29 A7 JiskeT Ees & B ofyRh A&
7Vt A SEEoRA B SRl o] AR 74
SteHlE =0l " & Qlrh siRFols HEl, ARd 4
HZo] mIE o] Qlo} Yt =2 BNt ofde, sjRFe
o= Aol felskARt Aadat g 22271 gl §4=
7FXaL QItHAle and Meyer, 2013; Pereira, 2018). °]&{gt
EAOR I8l sixF= 71 ARE Azl o182 it ofe}

otelsh 9 ojoty g Folol= ALEIT Qlek. Al B
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Fig. 1. Number of publications on algae fermentation
(Reboleira et al., 2021).

B Z2oA &3 sEd(agan 71 WK carrageenan),
71X Kalginate)°] ¢loH, &3], sHHS
AR, BEAE, BLTA 53 22 A0 o &EARE A=
kA vfjoF vjR|o = o]-8E|3l T Pereira, 2018; Torres et
al., 2019; Plaza et al., 2009; Pal et al., 2014). A7715%
AEOo 2 A FAF S 7L Y= EZ2FChlorophyta)= &
AL ERol, e, I 9 I A8 UEhle v
S A B4 MRSk Jlom, AxRo Sle SFold
(fucoidans)2 T4 FAESHA|ECt 7335 SPAESH E4do] Qlrkal
BEAHCho et al., 2011; Choi et al., 2007) 18],
ot 7|5/ TS WHAZI7] fste] sixF Rl 7
of thgt Thilo] S7Istal 9lom, o] FA o tiet ==9] =
5] S7kskal ltkFig. 1).
8= vgEo] AUxE 271 f18l f71ekREE #sfistod
TR, EESR, oklBlEtAa 52 /sl wgoltt S0
A & o S dae AW 2eTs woeiA dies Al
W ek I YR Ao TS Eoffol 24t
< oA 2219 B0 Hakell: AR, A=, 8F=EE) A=
24 g7t ItHJohnson et al., 2016; Katz et al., 2012;
Terefe et al., 2016). si&F YHo= = WS 7Idoto]
A IEe] = Fe2 =olve T, vE tAkE
o8] SRtEC] TS 7= W, F-835 nEEY
O} thAMEES AJ4teh= B 5o] o851l glom, FAY7IA]
=3 oAl whg7} 7 QukE o @ o]8E] T 9l HpHo =
4 A JUtHChye et al., 2018; Reboleira et al., 2021).
SIRFE o83 AFH R {83 IR A HA=
S5 7ol 77T TAgste] ‘_’}01 THSHA A==
o, o] o 7} FH2 PR siRFe Sl rq—e}l:}al:}
ZAzxFol= v, AMo|E, &2 01‘% xRl T,

=
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ool

T, SRRl A} guto] EA olefdt FEe
7¥rEshe thanet W o 282 Bl Hol=R Ak
ohe YT FHS B9 ARSI COE FBAY, 24

Uhg s BE3) Zitog A3 %ﬂ(Chades et al., 2018; Tajima
et al., 2018; Marquez et al., 2015). °]&{3} =& o83t
AlE 7S obd] Z7|HA o] A, E‘%/\}i EopojlAl= o]H]
SR ARIEAPE SliF E S 71500 et AlmEA] a1l
Qo dut= 3JA} Fermentation ExpertsOllAl+ o]a] =]
9 78 ARRE 83} HIL Sle 5 AlE wokE B
9P E 7)eE ARESlal okl &ElA cK(Strauss, 2023).

2 =0l Tt 7154 A2 HIste] o] 9 ofst
HopolA T FERY] Al Sl SR dEe] gk ARkAR]
At Bl sl A ez} gt

S, 2k, B Wl 22 S & ks SRR R
Toll B2 FAFE HAH, 2279 B taR, of|iAl
S)E o 5ol 4Rt Alolg Hole= ZA0= H1EItjung
et al., 2013). E3L 9a A a9E & 5
g sRtE F shel HlE e ¢
et Rt Michalak, 2018). o133t si2F2] A
224 sRhE2 A Agito] E3td -n-’q"?-f] 7d= 284
4 )9 M(Bulzomi et al., 2012; Shobharani et al., 2013),
B H71E00A HIEE 4ieh] 8l f4kHLactic Acid
Bacteria)?t 8% 57} ARGE AL, FAARRI0IA A A=
MRS A3l Undaria pinnatifida (Phacophyceae)?] 2o s

0|85t ui= B 17} It Martelli et al., 2020). ©ahA],
iz dRe] 7dEA &84 5 ke A SRR

g, T JEEe AuET g

1. di=F S7Y 2= 7[2EAM &AE

1.1, 5=F(Green Seaweeds)

g 7AEA SRR FAES B7Isk] sl vt
7F AP At 1 F she] AFETE AHEH, Uba sp.
(Z=}2), Chlorophyta) A cellulase®} $H4 1771 S<t
HjoRet A gy Abgo] raEglon, WRH Uvad #4535
FABEE 4] o2 A 9 81 9 Qe 2 ERISI
o} 3350 A9 cellulase (1% w/v)S A7}shd s|RFC
TR E3foll =Ro] EH, 5%7H] e 7ok A dEo]
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o] Hoke= A+ At JthUchida and Miyoshi, 2013).
1.2, EXF(Red Seaweeds)

7Fg o] ApfEls SXF 5 S= Kappaphycus alvarezzi
(@2E Hit}o]7))o|tHCai et al., 2021). Fto W=,
K. alvarezzi = S PEE Ao T F= 42 & g2
prebiotic 432291 inulin (fermentable fiber)¥} FAISH 2k85}
o] bifidobacterium® ¢ F7HA1711L, ARFAQI short
chain fatty acids A4k& S7H171= & bifidobacteria®] A%
o =22 F+= &39I bifidogenic factor2A] FAZo] Y=
ZAog BIEQtBajury et al., 2017). 181, 48 BX&H
% oMQ| Palmaria palmata (@2)= TE g=fo] 52 7o
2 2 IdHA 30T E61, cellulose A3ES] L5291 A1zt
(xylan)o] B-H-ol0] Tkt AlarHE o 7] wZo] Thialo] Ao}
0] £ &2 702 HEItKFleurence, 1999: Hesseltine
and Wang, 1967; Lordan et al., 2011) o]&J3t A= 23]
B YA}, Trichoderma pseudokoningii w5 o8t @48
AAFS W, 6ATF F 65.5%2] casein 4&8H&2 H3ITh
mebs, Ha8= 3R] Tid 73S ol a8l Y

o] H & Q& Zo&E AZAHHMarrion et al., 2003).

1.3, Z&=F(Brown Seaweeds)

ATARE2 6ol AFHTE AR TAAE RANE F skl
Lactobacillus plantarum® 2 a3t A3}, Ak} vict /-2
3, AR ERQ] H[EAEL £0]1, FEFR2 S7HIX Al
2 82 5 %lom, HE IS Bofo] s ol o
oz FFS MAA] LA F 7] =4 85(Cd 2 H
T HEEF S @50] ARy vuiE &2 7iAdsk=
a7= Ho|7|x thBulzomi et al., 2012). & tE A4
2 Monascus sp. 2= WAAZ] Si2F7 FE5E0| YRE AI7IA
U2 tixaHe} v, Eefiiolt, i E AR anpt
o ol Hugow, E3h 9a 3552 DNAS Hosh,
7 A1 CACO-200 Faligt Bk mIAIA] e, At
3} AEY A, IPGF, IXES FAE A=ste ) &8

2= 9tk B 5kt Scieszka and Klewicka, 2019).

2 SI=EF MEY US J|1AZAe FAH
21, Ci2F(Polysaccharides)

AAAFZoRA, 121 YR 7ARA Si2F7 7L Q=
7 & B slRFritt 555 thdR(ql: Carrageenan,

Xylan, Fucoidan, Laminarin, Cellulose, Starch, Ulvan &)

£ 7HAL Qltk= Aol ofg] siEFolA HasE 6 folXl
A5 AE 2 Al ARlolA A= 7RI SEAY
hydrocolloidsZ @o] ARGE 1L Qlow, tF FFo] ozt
AT} Hlo]| @7kA YAt o]-§=]7] = qtKHoldt & Kraan,
2011) (Table 1).

2.2 HELO|E(Peptides)

A0 S 2Fol| Aok YA T AEA HE/ol 7t
& IdgaolH, ASH § =2 HleS HRlth thFEY
ST TS o ofu| AR TRSHAL Q1] whizol A%
AFQofA] @#;E TS 7HA|L ot ZRFE= leucine,
valine, threonine, alanine, glycine, lysine< tF $3-5}
1 o™, histidine, cysteine, methionine, tyrosine,
tryptophan® A% $Hq-5111 Q17| W&o u|& &535t vh
A FFYoltiHoldt & Kraan, 2011). ESE glutamic
acids®} aspartic acids7} ZZFol| 1 EAkH} 8%
ol A9 BE dS opnficito] ghaEo] glom, o]#gt
op|ieAte] tiREL2 X Rt FXFOIA free formO = B
A AEAHE e 8 Yo g oA JItMunda,
1977; Meehre et al., 2014; Mouritsen et al., 2019). Z+&
I U= SRS A1E ARlolA ol S-83t 84vo|m, m]Ay
& = 84 1918 S8 B Vi EsES 1 =
A} ARgo] =3l QtHNasri, 2017). TebA, s UEE 59
g TheRs) Aga O AREEA AR ¢ 3] S4
Hefo]|=r} FESHA ABAkEl= Ao tigt A7t 26| o] Fof
Aof g Aol
2.3. Hl=(Phenols)

HEE A8 siRFolA Tase f73REY] d950=,
AlEo| AgSHHA AAF o2 WAL &2 $F AEF A
o ¥kgsto] 71 o2t thAbibEC|tHNaczk & Shahidi,
2006; Philippus et al., 2018). AJ2lgtd o2 H=A 7718k
A2 L P, Ik, FES, T & TSR A
S 7ML Q= AeE AFE I JtKBulzomi et al., 2012
Plouguerné et al., 2006). ©] 3gF=0] 7HA]1l U= T
2ol Al &2 st gae] AgdetA] 22 A= A7t
2 4 Jou, tRt AR dgat A% Ha g olg
slo] 22 A 7] &4 SRk 359 si27E &&
S & Qo= AGEo] AFPE A JtHChye et al., 2018;
Maneein et al., 2018).
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Table 1. List of publications related to the fermentation of brown, red, and green algae (data up to April 2021). Studies using genetically

modified strains are marked with “Eng.”

Seaweed

Target

F i | Pol hari L Ref
ype ermenting cultures Sugar olysaccharide compound/modification eference
Spontaneous .
formentation D-galactose Agar Hydrogen Jung & Shin (2011)
Spontaneous
fermentation D-galactose Carrageenan Hydrogen Jung et al. (2011)
h .
Rhodophyta Sace aromyees Ethanol Meinita et al. (2012)
cerevisiae
Eng. S cerevisiae Xylose Xylan Xylan breakdown; ethanol | Katahira et al. (2004)
Lactic acid bacteria D-galactose Lactic acid, acetic acid Hwang et al. (2011)
Eng. ter ) ) L-lysine, L—ornithi .
ne Coryne@ac erm D-glucuronic acid ysine, L-omithine and Hadiati et al. (2014)
glutamicum lycopene
Spontaneous .
formentation Alginate Hydrogen Jung et al. (2011)
Eng. So h/nj?monas - Ethanol Takeda et al. (2011)
E hyte f |
ndophyte funga MW reduction Hifney et al. (2018)
isolates
Glucose,
C/o§tr/d/0/7 D—manhitol,_ Butanol, acetone, ethanal, Hou et al. (2017)
beijerinckii mannuronic acid, butyrate
guluronic acid
Aspergillus, Penicillium, . ' Rodriguez-Jasso et al.
and Mucor fungal Fucoidan Fucan-degrading enzymes (2010)
Phaeophyceae strains
E hyte f | . .
ndop vie funga MW reduction Hifney et al. (2018)
isolates
Spontaneous .
formentation Laminarin Hydrogen Jung et al. (2011)
Pichia angophorae D-mannitol Ethanol Horn et al. (2000)
Escheriohia coli L —fucose Ihductlon of propanedlpl Boronat and Aguilar
oxidoreductase expression (1981)
D-mannitol,
Lactic acid bacteria D-glucuronic acid, Lactic acid, acetic acid Hwang et al. (2011)
L-fucose
77)6'”7706/736’[0[7?02‘6’[ D-mannitol Ethanol Chades et al. (2018)
pseudoethanolicus
S. cerevisiae Glucose Celulose Ethanol Yanagisawa et al.
(2011)
S. cerevisiae Starch Ethanol Yanaggz(a)\;v?) et al.
Eng. S. cerevisiae Xylose Ethanol Parachin et al. (2011)
Chlorophyta i i i
pny E coli L—rhamnose Ulvan Induction of propanediol Boronat and Aguilar

oxidoreductase expression

(1981)

Lactic acid bacteria

Lactic acid, acetic acid

Hwang et al. (2011)

C. bejjerinckii

Acetic acid, butyric acid,
isopropanol, butanol,
ethanol, 1,2-propanediol

Diallo et al. (2018)
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o5l APt Ta FAsto] JdF oz gl nAEol=
Lactobacillus, Streptococcus, Leuconostoc, Lactococcus,
Pediococcus & Xolsh= 17 ¥4 HiH|For IEolth
(Yadav et al., 2011; Rezac et al., 2018). o] S04 7}
o] A+E g d5= FAHLactobacillus, LAB)°|t}. &
AbtE @714 HaE ok nECIH, 8 HF AR HAt

o]KFig. 2).

2ADP 2ATP
Glycolysis F tati
Glucose kb 2 pyruvate AL 2 lactate
CeH06 /, \ CsHa05 / \ CsHeO0s
2NAD 2NADH + H* 2NADH + H* 2NAD

Fig. 2. Lactic acid fermentation schematics.

SEHIL QU 19, TRt /7
nARERE QIS 555 A Su7F 71, olE oI5t
of, 2357} HAE vhe=t] ol857|% FHKrishna et al.,
2018; Wee et al., 2006; Pederson and Albury, 1969;
Pérez-Diaz et al.,, 2017. Gupta and Abu-Ghannam,
2012). E3L IHARES A3 Ad 28} A2y Tt
o M &Y 5 L, A5 AT TS I v
A= B E|THChen et al., 2014 Eussen et al., 2016;
Soedamah-Muthu et al., 2013; Tapsell et al., 2015;
Lorea Baroja et al., 2007).

27O AN RS T 2, &2 277 7t
AL Q= TR g0l wet EEikitt ShAJEE . Ao
SiEFol Golut J3 54 5 AT AAYE ot HRE
o G4 F=T 4 vk A+ Z23=0] 2™ (Gupta et al.,
2011, 2012), #FE Yue 52 Saccharina japonicas 29
SHEE B ATigheo] sk 754 AES AU 4 Tt

= 75AES AARHE T Yue et al., 2022).
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2. 580IE 0|3t si=F E=

7 | BRF or|o} A HojlA] AlES BESIAL 7R55l] sl
g 7]Ho] olgx]o] growm, E, MY, wd, ¥+ 52 H8
Sk H) ol&E= o 5 shhe AV T8I Aspergillus
Havus var. oryzaeP]tHShih and Umansky, 2020; Machida
et al., 2008). &, H&] ¥7Jo] 5 o] B 7oA 1Y
Aul BFHO R A Aavus var. oryzae w2 719 W@aH AAES
FEo|ghL gt 2 Tt AalukE m9ksto] okt &
0] SRS EISIAL =T, ol= ordetorA, AlETtoHA,
=M, ZufolA] & HFRt 7iEsl a4AE Al o
Folc}. olgt A wiRl, A Aavus var. oryzae= A& A1)
A AFERE 8 7801 F F sl ZFItHGomi, 2014).
o= S5, AR, 02 22 A4 49 Solx §-85H ©]
2531 QltJohnson, 2016; Redzepi and Zilber, 2018).
ESE, TRt 7R 84E 7HA AL Q7] w2, SRR
EASE Al 25 Eofolet 288 & loH, 4xF
S japonica FE5E A flavus var. oryzae?t WAAZ] Ao
A= & Hs s, Z8kE0|E, GABA (r-aminobutyric
acid) 22 A 43 A o] ST HarE]
QltiBae and Kim, 2010; Rafiquzzaman, Kim, et al.,
2015; Rafiquzzaman, Kong, et al., 2015). F3t, 3%&
Kappaphycusg ©]-8%t A+ AiofA = F ofn|iilo] J7t
ok B EQtNorakma et al.,, 2021).

3. Biejlz]ole}l 22| 2t symbiotic culture)S
0|8%t si=F &=

dhggjole} aRE 3 a7l dg LEAE E 2 i
FRARE A RS 710 R Qo] BRilo] Eoiit Ha S0y,
AL 9 2P| HA EAE 7= Z0E dA St
(Martinez Leal et al., 2018; V1na et al., 2013). < A7
SR ARZA] et Tile] S71= 574 S= Aol wid AR
7o =T QltiAlterman, 2021). Z5-291 ¥ha #Pof|A
= TS A 2 Aol 24 FHEARE Bl Eal Aolsle
SCOBY (Symbiotic culture of bacteria and yeast)S 71kt

AEHR FFAR} a7 FFAe] F e TS vlugt
Ay}, si2F FHRANA Rt vls) B =2 vk ok
FAE B ol= HlEo] S5 ARFE ol&sto], i
ol :23He e &4 SlkEo] SR ZRHo|QE SRE
AR o= Q)2 AAFSIAL Stk ERE, WA IE @A oA

T A3 B 5 TR S AR S Qlom, LE 5
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=2 fix TP tE AlEolH AlRS FtE AREE &
QltiJayabalan et al., 2014; Villarreal-Soto et al., 2018).

2 QUtHScieszka et al., 2019) 9 EWS ¥4 219
o R FAREC] THREA] g2 ARl gk =871 S7lskal
Aom, A& 7hset Y SEHoll thet Aol =oFRHA
S2Fet AN HEE B3 Z2Ho|QEA §o] gl A
& 70 5ol gt A T3 S7Fekal Qlok. 1 G2 Gracilaria
sp.2} Gelidium sp. (Rhodophyta, SXA1&)o|A At E4
7} GABA (y-aminobutyric acid) &%& %<l Agarophyte
g 2E250] 7|54 2852 /fEEYHDewi et al., 2020;
Hayisama-ae et al., 2014; Prachyakij et al., 2008). $-&
of thfTt =257, TEF AXF 59 FEES T F4E
w2 o]&sto] aAX] FAIEE 7id=SItHDel Olmo et
al., 2019).

AR BHEo], SR EaE ol83t 8-& wok= 1P 22>
AT 7 Eofolr}. Thldo] F53t Pyropia (Rhodophyta,
TRAE)} 2 HERFE o83t ST =] tfAIEo] AN
E7|x= Fow(Uchida et al., 2017, 2019), Brochu (2018)=
SRR Hiis JEo| FHSE A esculenta®t S, latissima
ol&sto] AFA |9 e TF2 sauerkrauts: U
7371578 A& 2ol 7159 AR 7id ool Ak si2F
dhg Bopy} AFEY Qth. 2 Q=o) 22 nylHEES ARSSE
oflA F=Fst7] ¢l 277 B FHE Aol H7F=o] o]
|E1 3o, sixF TRAFE oF4 o851 A koL,
U pinnatifidas ©]-8sto] Tk g AES 9O Algd B
o A3t S/ FERA|, AAER, XA 24 59 79
n)gk 837t QIQiths At 23 F EE Gt waEkA], SAE
AlEEA o257 HE AlEol gt 7t o K13 =|ofof it

Marine silage (MS, 3 AFLEA]) E3F FEfoF & Hof
olt}. Ecklonia sp. (Phaeophyta, ZZH)E drasto] 7=
MSE iridovirusoll FHE =0l 10% w/wo= A7t Al
£ 9 dl, MYt g1 AlRE 9l s AEE0] tix
THT 22 Ao2 YERGtHFig. 3).

il

g 100 (T-0-T-0c
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et
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E 60 § IR S [N N N S S — — _—— _— E-—_——
Z 1 3 5 7 9 11 13 15 17
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Fig. 3. Results of the red sea bream feeding experiment.
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fermented algae (Uchida and Miyoshi, 2013).
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