ot A1 8 " 2 2R X| 36(1): 66-75, 2021
J. Korean Soc, Food Cult, 36(1): 66-75, 2021
2 =1 AL A AEEsslsl 9

Copyright © The Korean Society of Food Culture

ISSN 1225-7060(Print)
ISSN 2288-7148(Online)
https://doi.org/10.7318/KJFC/2021.36.1.66

CrossMark

click for updates

Algo] o] 5L nA 2R 0|5 o] get AF AN 5 U AHY
At - ZR 52 - O| KR! - HE LS
Vg gt St 2 E-E 8, 2] ety Skt ko] @58t

Trends and Prospects of Microalgae used for Food
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Abstract

Microalgae are unicellular microorganisms inhabiting various ecosystems of the world, including marine and freshwater
systems and extreme environments. Only a few species have been actively used as food. Microalgae are attracting attention
as a means of biological CO, reduction because they play an important role in absorbing atmospheric CO, through their
rapid growth by photosynthesis in water. Besides, microalgae are considered to be an eco-friendly energy source because
they can rapidly produce biomass containing a large quantum of lipids that can be converted into biodiesel. Several

microalgae, such as Chlorella spp., Spirulina spp. and Haematococcus spp. have already been commercialized as functional
health supplements because they contain diverse nutrients including proteins, vitamins, minerals, and functional substances
such as docosahexaenoic acid (DHA), B-glucan, phycocyanin, astaxanthin, etc. Moreover, they have the potential to be
used as food materials that can address the protein-energy malnutrition (PEM) which may occur in the future due to
population growth. They can be added to various foods in the form of powder or liquid extract for enhancing the quality
characteristics of the foods. In this review, we analyzed several microalgae which can be used as food additives and
summarized their characteristics and functions that suggest the possibility of a role for microalgae as future food.

Key Words : Chlorella, spirulina, microalgae, future food, food quality characteristics
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S @A e AHE 7R A tH(Fuentes-Griinewald
et al. 2012). T3+ UHZF Wl A, AEA7F w2 QT
A e¥ol FE HHo] 2 FME Fw3] 2§ 7Fsst
), 2k Hee o] wEAl= §52] &80l TFsstal, 4
AEE7E et et 2-59 oW vlo| Qe AE T wi7kA] F
7PN 4 ATH(Kim et al. 2016¢; Vaz et al. 2016; Cho
et al. 2017; Madeira et al. 2017). HZol= °KIE FF9
A NS Sste] mAlRRe Y 2ES TV
1A, i 342 HAst 59 ¥4 M-S B8 vl
i FEEES U Vi slshe ATERE BALE AL §lo] v
AZ2F Aol 8-S gild + de 7ol UthKim et
al. 2016a; Kwak et al. 2016; Pham et al. 2017).

A ZFE 33 2F(Algae)s oF F Hd ZARE ojn
ot FsleA AREE gy AREE] o, 7Y @
e 71=S AuEE, oF 14,0008 ] 7158 Aol
2] ZrolE 4= QltH(Dillehay et al. 2008). T3k, A &= A
7] F%E, b FoME mARRE Thde AEY AR
a5 712E50] Yot Aaronson 1986; Turner 2003;
Miroslav & Zorica 2008; Wells et al. 2016). "M ZF/ <
oAM= 53] Spirulina spp., Chlorella spp., Haematococcus

ftllo

4

spp., Dunaliella spp., Isochrysis spp. 5= 1960dt] UH
T A7 eREAEFSR JhdE o] FYGsyt X Eosk
o e nARFe w2 wuld ek ksl I
23k, 78 7157044 5 71574 ] FZ(Shibata et al. 2003;
An et al. 2006; Cherng & Shih 2006; Kang et al. 2006;
Choi et al. 2010)5"A FH(Kim et al. 2003), Y& -F
(Sung et al. 2005), X|=(Heo et al. 2006), 274 (Shim
et al. 2010), A°]=Z(Kim & Chung 2010y} 2HCho &
Kim 2016) 5 ©H¥sh 250l &850 2Fo F4 54
FIATe AFAFEC] BAEA Q) ol2g Aol A
et gEo], vl5 AF = (FDA)X = Spirulina spp.,
Chlorella spp., Synechococcus spp. 5 FIMZFoll tisle]
AN si7F HA e st e LA A st=
GRAS (Generally Recognized As Safe)Z RO ZH | 1
A ZR/7E QP 2% A I- s e, ol9t frAlst
Al FEAFEV)S] FHAFMAT(EFSAIAE PIMZ=F
7t Al gk o] gl FAER] ‘Novel food =
A3t wAZEFIF B 7154 AF 2AYS 8st
S TH(Niccolai et al. 2019). dl& &

HRIES A%, "MAERRE XS R ES 202 4
Hstar dom, Esh, A2, g 5 4RI E WA

s O v 01+ R

H
Yehts E42 Bt Ryu & Jeon 2018). o]o] 7t}
=, 4, A% SNAMZ Chlorella spp., Spirulina spp.,
Haematococcus spp. 52| FIMZRE AT &F A=
2143t ATH Torres-Tiji et al. 2020). o]l ¥ A=
2Fel 83 e VMR dd EEES AL, T

AlzFel 543 7154de 1A es Aesilt. 283, 4

AlE0l 018&l= OlMz=Fet 0|5 0|88t A A7ie st & Y 67

Al wAER7E E8E AF ATEARES FHOE
me} AR e AR A ol F3l
aAEH dRE, Tl B 7)1eY B4 OF
AR} QRS 918 nE 2EoZA Guprl
Aol JEA 1990 aFH 2020 HA7A] 9] A Fe]
&89 mAEF AT AHES THOE AT IA g

I A+ Hg 9 g

1. Qi 3l e

2 ATE v AFE AAEA vARRTE e 280t
27F JEA 7287 8l K1Y=, Web of Science,
ScienceDirect, Scopus, DBpia, NDSL 5 t}fst o+ &3
55 AlEslE DB ARIES Fall 1990358 202037k 2]
=Ul9] TAES Sl BT 1E 232 F 100
Hom S 37 43934 =9 £371 58S ZAbeIGlL
I 3 AEeR E8E AT 51¥e o E FAAE A
stk 1 9] FAlet HEE =) F3 73 =] 74 5
Ho] gt 53], 21F A= &Ee] A7) & F

Q1 Chlorella spp., Spirulina spp., Haematococcus spp.,

Dunaliella spp., Isochrysis spp. 52| FINZFES S4HOE

A7} A HF Bk} 7154 B ANE H4F EQ

1. Al A7 T E25= o|ME=F

1) Chlorella

Chlorella sppi= S22 870 &3k R4 PHZF
2 2-10 pm®] ME Z715 7KW, AAH o= 7S e
A}, 58, 2 vhild shak(40-55%)yS UERE Flo] &
Holm, AFAR] AFLE AEEHE (84%), STT(85%)H
FT(B0%)ETE R e wrstE EF(10-19%)S 7HIth
(Koyande et al. 2019). 1960 AT FE AR ZAZOZ A
sl AFst v EFE =fllQlolx 7HE gl 4kl &
olm F3E T3l w2 2o 7Hsste, v A=

frelsiet. gk, AW ohEke] Fpoln|eAl, 2lo] A, HE}
91, A muE, §n) A28 @ 2 (Hemicellulose) & THs}
A9 AR FEEEE Tk o] mEE AE A
2 714 857} 22 v 2Fo|tHHan et al. 2002). 3],

Chlorella= 5= %= P& A4S SXANZE T de
CGF (Chlorella growth factor)E ¥-f-(Kim et al. 2002)3}
3o, FuER o] A& i) &8sk 4SS FX
o g A, oo EXsA e Qs | S
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<Table 1> Microalgae using for diverse food material

Microalgae Feature

Functional Material

Food applications

- A single cell, spherical shape (2-10 um in

Chlorella sp. diameter)

* C. ellipsoidea

Bread (Park 2003), Cake (Park et al. 2002;
Chung & Choi 2005; Kim & Chung 2010),
Cheese (Heo et al. 2006), Cookies (Gouveia et
al. 2008a; Batista et al. 2017), Drinks (Kim

. H 1 V)
« C. protothecoides gii f;?;‘::s c(‘fitgn(f:]/(jg% %) ;Z’E;can 2004), Feed (Kim et al. 2015a), Hangwa (Cho
* C. pyrenoidosa .. L . . ’ & Kim 2015; Cho & Kim 2016), Noodles (Park
* C. sorokiniana . ConFammg a lot of nutritional ingredients -carotene & Cho 2004; Fraduque et al. 2010; Kumoro et
. - Having CGF that promotes cell growth . .
* C. vulgaris A large amount of USFA (3 gloz) al. 2016), Tofu (Kim et al. 2003; Kim et al.
2016), Yoghurt (Cho et al. 2004a; Cho et al.
2004b; Sung et al. 2005)
Cookies (Batista et al. 2017; Sahin-Cebeci 2020),
- A single cell, spiral shape (500 um in length) GLA Garaeduk (Kim et al. 2009a; Kim et al. 2009b),
Spirulina sp. - High protein contents (50-65%) Phyc,ocyanin Hangwa (Son et al. 2008; Kim et al. 2010;
* S. maxima - High digestibility (Prokaryotic cell) Polyphenols > Shim et al. 2010), Mook (Oh et al. 2012),
o S. platensis - Rich in omega-6 fatty acids & antioxidants ’ Noodles (Lee et al. 2008; Lee et al. 2009;
- Low calories (81 cal/oz) & fats (2 gr/oz) B-carotene Fraduque et al. 2010; Kumoro et al. 2016),
Salad dressing (Cho et al. 2005)
- A single cell, spherical shape (20-50 pm in
Haematococcus sp.  diameter) . . .
« H_ pluvidlis - Rich in 38, 38' form of astaxanthin (3-5.9%) Astaxanthin Cookies (Hossain et al. 2017)
- Rich in various nutrients
Dunaliella sp. - A single cell, cup shape (1525 um in diameter) Cookies (Sahin-Cebeci 2020), Noodles (El-Baz et
* D. salina - Inhabits in high salinity condition (2M NaCl) fB-carotene al. 2017), Etc. (Joo et al. 2016, Lers et al.
* D. bardawil - Rich in B-carotene 2001)
. . . L Cookies (Gouveia et al. 2008a; Gouveia et al.
Isochrysis sp. - A single cell, ovoid shape (4-6 pm in diameter) ~ EPA, . )
1. galbana  Rich in omega-3 DHA 2008b), Etc. (Borowitzka 1997; Yang & Hur

2012)

21, 2k 715 WA, ESt el SHSEE A E SaS Sl
= 28 5t 7154S velll= 2eE B ETH(Cho
et al. 2004a; Cho et al. 2004b; Kim et al. 2015a). T3
Chlorella W 3 Wel 277k WY S, I A& 2
&, 893} 5 FEZEHE A gEo] gRNEE &4
SN 71, HAAER] THIES} B ZS] AY7|5S A
A A FAE = Az S AEE ARk 4 7]
S0l o] mE AAFAE RS A AAEAN TP H
A AF7F WY A chHan et al. 2002; Spolaore et al.
2006; Kim et al. 2015b). Chiorella SN = 53], C
vulgaris7t 7V €] E85= FolH, ] FEAYGdAM =
oJgt AR EEH7|% S, thket Fokol A9 o] A
T 24 ARE AREEY] Yt (Gouveia et al. 2008a). L=
ol F2 Chlorella w23} BE0] 2= Y= Bol
S8 =H, Chlorella =501 Chlorella %S |5 F
E8 Z0 2 Chiorella W 5874 B2 AATOZHN, 2%
HA7FE=E ARElE A Al 71 o] 7HE 5 e o
7rol Q1aL, Chilorella S48 ©1F& AA E3% o] o
b 21Fol fA €82 F Urh(Han et al. 2002).

kv

ﬂH

d

¢

2) Spirulina
Spirulina spp= ©d YA AIEZZ °F 500 ume] ZolE

7Y™, Chlorella spp. vt T =& @ 3FK(50-65%)
S ZHe WA RFolth B} ol B FE g
T FAehe vAERFR 309 AR APl &
Al eeE e 5 she]7] wigol] thellM e 2
Fo=2 &8H Uttt 71EE0] MR Uth(Fradique et
al. 2010). Spirulina= M3E FZ2H O 22X Chiorella®t 22
YA 3 (Prokaryotic cell) FEIE 2453l 7] wizol e
Skl QR NS 7 AFH AL, AlMelA B8 2 43
&S YePAtH(Kose et al. 2017). o9} BE Spirulina <
Al AW e S kgt ket YRS Trskal 3l
7] Wzl FRIAPE dFstal e AEFY] AERE E§
At Spiruling®l 75, FEUE 7P E olf= AlE
EAsks g4 ] FAJoPd (Phycocyanin)yS $H-513L 317
o], FsAlopd e A3 Al AW Ao 4skE w4,
7383k 3ake} 7)%5-S 71X UTHCiferri 1983). WA 24
Foll Spirulinas 7Yt ksl 7158 71X 71648 A%
o] 7hssitt. ol#gh vFAlobd & Ao AR
ggrlo] T} T XFE AAl 2 =M A, AR,
AF, A, ofo]=ad 9 eRkEE Fo] 2F g2g, of
ojgtolu], olold =g T IFEF MLEE FEdEH
(Gouveia et al. 2008a). &= Spirulina AW l= 8714 D
oprli=4ta} TiEo] 70-80%2] FEAARS Skl e

—




53] AFAte R BREe Qu7k-6 Ak dF
o] 7t} 2]&=#AK(y-linolenic acid)o] F5-3+ Zo] EFolt},

=
Spiruling= 284 7129 850 J= 7v} gz

2ol
53] o FREe) dol, AFom 4AL A, BF 24
2B & Ak, LG A, 5 9T WA 5 0 &%

< vehd 4= dth(Mahajan & Kamat 1995). & 74 @
2l AREEE B2 S platensisE A ARZA715-(WHO), <A
AT FEA 771 (FAO), =4 A A70 L7 ]7-(UNIDO),
YA Z(UNICEF) & tH&3h A7 7225 H AFo 249
QF8/3E 1A o AIAl 10017H2] =7Tel A 7d7JL*‘1,
AAsHEE, ZAA 4 71eF 2] deiE 855 3
(Otles & Pire 2001; Shimamatsu 2004; Lee et al. 2008;
Lee et al. 2009).

3) Haematococcus

Haematococcus spp= 532520l &3te AR &

SR, b9 B FPEE 20-50 pm)yS YERH, 271¢]
HEE 7L o] 573 7Hn. Bg, 87 Z7dol
2} o RERIR S SHT3E CystE FAshe Zlo] SH ol
Haematococcus spp.= 5=, A4, vlth, &5 5o A48
w A, Al Sol e Aojoll ShrE AR A it
SHAIQ] oIS FAZEA] LR AE T 7P Wol A
dbete AR T UiF] oF 3-5%)0 2 A7 rHERFol
t}. B3t Haematococcus?t AAVsH= of~ERREIS 38, 3'S
TZ YFEHE tE AA o)A é_]iﬂo 3R, 3R +& X+ 3R,
3S7ZEY ksl 7150l i 973k 202 W 7 E T (Harker
et al. 1996; Dragos et al. 2010; Yang et al. 2013; Al-
Bulishi et al. 2015). ©|]== HaematococcusE )&l 7}k
o A A oT, Zﬂ‘ﬂ A L= SAAAS 71—/\;\]7;] _,_dg
e kst Askd A= 271 E A7S fXsked &
=2 £ F Jdue AL guisti(Liu & Osawa 2007;
Ranga et al. 2010; Pérez-Lopez et al. 2014). 53], 717
g ARElE £ H plwvialiso ™, Haematococcur o}

ZERHE o] lell = A ] vkt TR ‘:P L LLEAR

IFEISAY, T, HER 5o Jdte] F-ate
2 Zo] JY MA =S = F )‘U]-(Hossam et al.
2017). 281, Haematococcus= Chlorella, Spirulina®| H]
3l AlxEe] s %’4%‘27} =g, of2eRRRlS Shgh
A EE] 749 FAR AZHE 7EA| AL 2lo] Ashso] HolA]
= &L 7RIt Wang et al. 2004). WA Haematococcus
o] A% o}l AERHEIS AA|SH AR ZAE ] FE Rk A}

S—QO] ko, HZoll= Haematococcus w2 2 FE5=
o PR HFo FEtede AvEe] HuH o

(Hossain et al. 2017).

4) Dunaliella
Dunaliella spp= FAESFS 7AW AF 15-25 um®] &

AlE0l 018== olMz=Fet 0|5 ol8¢t

AZ o1

I
8
ol
9_!_!
o
gal
a
3

AEZ Qurt H2 dlolr S48k A mHER=E
A ko] wEl L2l (B-carotene)S FA 3= HOE ¢
A Ao 7 del %1’%5]—\: 22 D. salinaz, A==
HEl 7I2HS 2 IS Xfete] A& iEY U=
7t2E o] =7 *“/\O]‘:q A HollA] HIEFR AS] UFQL
YE] & Retino)Z GHF Hgho] F7] wdo AlZkS G5k
T 3E 478 X 3= &L

+2 & & JHBen-Amotz
et al. 1995; Tang 2010). ©]# 3 522 13| Dunaliella
= T2 e 712, YEs Ak 8o gkor(Lers

et al. 1991; Ben-Amotz 1995), ZZol|= Hle} 7}2Ele] 3}
dof| &g I 13lE AT 7 S0l B HA sPdsE
TE oofZidx &85 dtJoo et al. 2016). L&}
Dunaliella®] 735, Chlorella, Spirulina, HaematococcusSt
2] o I AlZHo] gle tAl gk AlEHe R =

SRRl F2E 7HAAL o] MEe] FErt g Weke &
dog A vl S T 7 Jom, AolA
asp7h ZE7] wEel AF MEE 2 7Fsds 7HIAL A
TH(Borowitzka et al. 1990; Weiss et al. 1991). o] gt
olJ2}l, Dunaliellde WHA 452 A% ZA0A 52]9]
7Fs817] wiiell Open pond FEjS] HlFS T3l 24 1o

AA NF2 Dunaliella % 2 FEES 2T = 9]

*

5) Isochrysis

Isochrysis sppa= ZPFAEZRFO) &3l 3G vAZF 5 3
Uz, AF 4-6 um 3719] @l RIS Mo, om7k32
&7 EPA (Eicosapentaenoic acid), DHA (Docosahexaenoic
acid)®] Aol gt Zow ezl ﬁﬁok n|A|ZFolth
(Liu & Lin 2001). 53], Alga 22 255E9] 735, Al
WiellAl EPA, DHA 5] A A o= %“é—rﬂ]x] 7] oo,

Isochryszs galbana % T FE2ES 2FE Hrlsle] &
sk A7 FA E55 = T U= 7154 AF ol

7}& 3 (Crawford 2000; Ghys et al. 2002; Wroble et al.
2002). 53] DHA®] 7%, froF Gl D522l o e,
Wk kg gl g Alabel] Qlo] Fask EFQle] ofn vy

A THPulz & Gross 2004; Arteburn et al. 2007).

2. 0ME=RE
1) H(Noodle).
He A3 5o FFE HES FHEOE 3o =

< A7 okl FEE, oMol e FE =<, W Sl
LEE L, A YolM = FLBH(Pasta)et S FEIE AMEEHE
HEARD AF Aotk =e] A5, Aab 2kastEs 4
S8 7R Fe] EER e, =g B W] gEH=
TRl FES] TP TRE WS- vEstE L e 5
Alelth, wEbA = e Wl AREE = W w14

ZHE Aritemyn 712G o A7E 24 Ee
W =¢] sdto] 7Fs3lth Park & Cho (2004)= 2715

7154
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W=l Chlorella w28 9ol =75 A z3 A3, Chiorella
o] 7t =Y SRS AlxE =] FAS F9t S
7¥ehe A& GRlEion, ol 2 F i S8
7R A3l E RISt &, o|Hg ARE Chlorella -
o] H7FE F7} ozl “]SH 20 o FEge 23
S JeMz, A% 7243 B30t vhE ) Lee et al.
2008y Y7L W=l Spiruling LS F7Vele] AHS
Azt Ao, 7E ST gl vla] 28]e sk
A= AN e, ol Spiruling FEo] W7 W= U
S5 Tl o] AYES ITMTIHA B AErt S
7¥staL, el FE Aslig Ao R BT oA ¥
Spirulina®} Chlorella®] 7} AZe] zpol= A2} 21
A Q] T AR AR 2 Aol 711 ZleE B
2HY, SR Spirulina %S AME-$ 79-, DPPH (a,0-
diphenyl-B-picrylhydrazyl) assay 225 Sall A" AHo
ZRY sl G50] JSHUL, ol Spirulina gl F
5 FFZAJobde 23k Ao|th(Lee et al. 2009). wEhA] 2]
zo] A A Bl 71A S 9sle] AlEo] B4
of gt A-g nMzRFe] Mol Fasta, Hrtele w2
o A FF5 Toke el a7
39| EAES Apoll= e S Axd
£ F7hstaL olo) wistd wkiEle] 4 B HASEE 5
Aoz BIET T} Fradique et al. (2010)0] wh=w
Spirulina maximas 7}k SEPHS T Z2to) e B
shE9] BlFo] Yol a, Tl 3]79] H|Fo] Ftele
A7 1A 0H, ol Spirulina T2l -HE ThFe
ChlE st Fr71de] 7191k Aot} skiEre] 7, ST 9
Eko] Z7V4= apEle] Azto] A7) ZZo| AskEE=
Aol Ad=Hl, S. maximas 7V vkAEPHO| 74, %
-Jr ZN Spirulina =2l T 7712 JEE0] o] 9
“&(lon migration) @/l 2Jall W= WLt eHdE ok
et 3 gl zkel7t A9 gle Ao] SRl
k. 3k thxto] oF 1,716-1,750 kIo] F#HS UEeRl=
o ¥I3 Spirulina maxima®-%-S 2 Bl oF 1,420

KZE go] Yy iz ghagkoe =0 =319 Fol3c)

ESSR S W |
ol H7FE Spiruling =gl olsl] 2 F ol FF
Aol EXEHHEA gfieldEe] 8 oFE 225 (Amylose)
T2 BEstESo] AR v whurE A A=A o
Tl AR HIHEL nMRR 28] 7k vhEPH
2 A a9s & = 2, Kumoro et al. (2016)0]
W Chlorella vulgaris\t Spirulina platensiss 37138k
o] O A= AS Rl ol= H7HE mAlx
Lo 3E s T JEFo R pis | o]gs)
A% (Disulfide bond)e] F71 A EHA FFE haz
A Atele] FAEE AT O Eﬂ zslA|
I Tl Eo] nNZF B HU=E Q) i

A "7re] vlgo| 74Ag7] 'Erod

e

N

_{

d

=

[

_{
il

e

ud
i
Of
¥

o=

S
=]

A oox &omg Ju (B R oX A

o,
tlo
pav) rulo
ay)

=)

d

"ot vlH R 2] A7 viivhs Al Asd
[VIFE FIom, AsH7F A} Chilorella vulgaris7h 3
Fre #lA siePt 7P U7V & Ao E JERA,
Spirulina’t 7F8 F2Elz g2 Hls)] v =2 A3=
£ B3 45 mHER 579 &2 AAPIE sl
, ghEle] A A =2 H7HE wtth(Fradique et
al. 2010). Dunaliella salina?} Z37Ve o2} GA| FAA) 2
FE7PE FFE AL ATl Ve eH Hdnkow chald it
njy|2ke] H]g-o] EolXtHElL-Baz et al. 2017).

H

2) "(Bread)® F-7](Cookie)
e WS FATOE ThE Hiso] aRo o3 vw
HHE AA AZRFHE 2Fo2 A MAZoR 71 217] 9

& o)A 710l o] 1) Fhe] theg ApAlEe

—

% A2 A SR UE PR 2rEE dusse
o, AghH oz W GFTH N vhe] A, 3,
4 ABE 5 chyold we| g0 PyEE Ansel

B I E A (Gouveia et al. 2008a; Kim & Chung 2010;
Batista et al. 2017; Hossain et al. 2017). %X, Chlorella
FES A7iepak, Easpgolx tixzeol vls) W wi=e] F
7} o WE2A ST eI, ol Qs WS de A
oMo i ELE ARAFCEA, TS T 53 FE
e Azko] WS A 4 2}9}1 I ALEES e
2 3 AsHINE O 52 7|5 E WUHE s T

ChPark 2003; Chung & Choi 2005). °]#3s &
Chiorella -2 S8 CGF/} vk U] a2 A&S
AAA HE 271 F7H7] dZelrh. o]

Chlorella DA Spiruling 2 71k 9ol = v]5:3h
F7F Je=H, o= Spiruling 20l -8 TS 9
E0] AR AHE FINA ve] Fag S7HA
] F-o]th(Chung & Choi 2005). &=, SpirulinaS 2713+
Foll= dpohAiel Egled, MEled, o]afal, 74

o] 7t Al sl Edo] SHtE o] Qlof Al o
=3}(Retrogradation) 18 &%=7F 74

o N of

ke A7t FR1=EU
TH(Jung et al. 1999; Figueira et al. 2011).
F7e e BT 71 i Her It
gt g ouAlE BEdllFE 72 Z%I’_ PR, He
b A 9 SoE Agele X ke ke v
AFolt). oleld P4 AN AN S8 7
]}_t‘ﬂ— ccH D‘ro]q_ ;(]Hol— @—%L% ?_}un;d A= E:Q]_;(]H =o
AT 5 e NeAE e HER 2BS Wrtel
10] she] tiete] & 4= IU}. Batista et al. (2017)2]
T Al WEH Chlorella &2 2% H7Fe 735, dlz
o Blal BrshEe] HlSo] s FAlo] w9
ol oF 20% F7kh, TS 1 ulake 717k Al
A3 = Stk ol Chiorella vulgaris7t T3t 34
Qs ORR s x2S S/ WE)

ﬁ

il

SR
4>

L nﬂm e rot
m
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RIS
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Aog RuEy, AR o7 AsHrlME s Bt
o =2 AsE7F vUepdS gl oles Ax=
Spirulina plantensis 342 718 E L3l Uebom,
F7H2 3" 2818 HIZE(In vitro digestibility)ol|A %= o]
Zt H] OF 87-95% A= Aske-S Ve & o)t gl
o] gelwAct. SFA, Dunaliella saling &S A713E F7)
= AAFR o RE o] ot AHE FER HIEHUS W
715735 Bto] 9-gk A0 =2 ERdTh(Sahin-Cebeci 2020).

Isochrysis galbana®=+= Haematococcus pluvialis T2 3

7kt 73 felle F719] F4L 2 ®slglo] fA=HHEA oH
73, o}=ERE he T)sA B VIR <ls) dAtst
7150l AREL A Sl AHE =2 dEe] P8
FAHE AA4EE BIEATHGouveia et al. 2008b; Yang
& Hur 2012; Hossain et al. 2017).

3) ¥ (Korean rice cake)?} 3} (Hangwa)

w3} slahs S FAROR Axy AEAFo|H ¢
g AskE LR 8] AR WImrt Ao, &
2H] 3 $F50 = Ha stHRE E3e A Tk 2FE N
o] Al Fof AtKKim et al. 2009a; Kim et al. 2009b).
olgfst Ao B AT 71548S Habr] flsl el
L 7HTapioca)Lt saltwort 52 7kt 7154 Hi sta&
Az AFE°] FAEHAH(Hyun et al. 2005; Kim et
al. 2005; Jang & Park 2006). °]x1E HAE2]Ee] £4 7))
Ag 93l PHNRFE H7BRe =Y F8EC] B 9
=4, Spirulina EEE F7FsE Be] 73 x4 vl o
o] g SN E Mst flod, Bl Hxrt F7kst
= A3t FEATHKIm et al. 2009a; Kim et al.
2009b). °]& A2 EUFEZ HrtEe JAF 5] 9
o2 g uE Uy i F5Eo] fhsy] WiEes Hid
T(Hyun et al. 2005; Kim et al. 2005; Yoo et al. 2005;
Jang & Park 2006). 7S ARl E Alx Al =
A7VES Bl Ao gw £71% gol Alzvt ks A
o2 BIEEH, Spiruling F7F2 At e 7))
7154 MAE He] Ax7t 7Fsee ERIEATHKIm et al.
2009a; Kim et al. 2009b). ChlorellaZ 7V3F He] 7392l
W U] S BEH] 95351 Spirulina®le B 22 ¥
= Heo] S FAT F Ue Aol A,
7hFo]l A ol o= F7VSHH Chlorella 21 @)
7} 73 A A vre] Aewrt vl A3rb UERst
(Park et al. 2002). wetA] He] F4 9 7|59 AseE
B Z2A T e AR 7S Aeke Alo] F8sitt

ilfe

)

HIAIA L 71813 e FAlolth(Park et al. 2000). ©]oll
stte] 7)54dS dal] flg AEe] Eds] 318 FolH,
AR B9e Arie A7 Ad3Ee] BaEa Qlth gyt

AlE0l 018&l= OlME=Fet 0| 0188t AE A7ie s & Y 71

Aoz Fpxje] FAE W= Hxe] G5 W=rl, Chlorella
Y Spirulinas EFS VAR TS HUkeH € A5
pH7} Zastar, 2] g 71E F ZEd v 5
7FFAA HErE HolR| L, o= & AxH e A=E
S7M7IE ALeZ BIESITHSon et al. 2008; Kim et al.
2010; Shim et al. 2010; Cho & Kim 2015; Cho & Kim
2016). =3+ HEo] 7= vRbe Ao 2 vehr] wiE
o) ISHANME Chlorella ¥-20) 2% A7v8 347} 7+
T =2 7lsxe HF4E 7153 Cho & Kim 2015;
Cho & Kim 2016). A Spirulinag E2o) Z7F8 7%
o=, thzrel] Hlsl eHdH shte] Arrt SUkehes Flo=
UeRow, FAll gt Yie] gHiEsheke] o] Frlsh=
AZ7F et ole o] HRtetaL ohe £53 gt
Az7} 7Fsshe RAFom, Spiruling E2o] <F 2% A
T A7MERE W P B AEEE Yehlle Ao Bl
= AHSon et al. 2008; Shim et al. 2010). °]x & v %
T s ArIgte = Ak 4 5488 A 9
om, FAlol| e, ExsiAn, 7714, vgwl 2 754
4 FHe AE AR el Fssttt.

it

X of M

4) =5 (Beverage)

TEE BAMPE H(Tea), F2F, FAF FEEH, £

ZE) & % U Jur) o, nARFE Hrlskel
A 7IxE AT 2R} B A AREo] Ky

I e ofm, SRe] Ao ARE, 4@ T a8 ¥2
< A S8l mAER 2] dEEte OA FE=
)

A F4o] 7idE A4S UEPRTHKim 2004). PR R,
Spirulinga == Chlorella FZ55 fA% 559 3718iH
LTFEE U §4F ] Streptococcus TheymophilusSt f-
AF W91 Lactobacillus bulgaricus®] S48 E£318)= &3}
7F ke, tizstel] Blsl] TAIe] S FEES] AEE 1.1%
2 F7M71e A7F UEpoH, ol 1EHe] 34 o
Z2E AXE A% FH A 243 E IX|E] widel X
F4o] 9H2ZE Ax 9 F4 N B8] He AR
18] A tHCho et al. 2004a; Cho et al. 2004b).

5) 71et

A ZFE QoA AFE AIE ol9dx A% H7H
2A TS 2AFe] FH4E skt E8E 5 ) o
£ =59, W, =EIS, 77 Sl Spirulina E+=
Chlorella$} 7Xo] mAZF 2 H7ishA sH9, w2
59 A

=
Jigo] 4Fe

¢

chgel Buas YR So 4 152 ol
3, P29 ARHE Z/A B, 9P, B 5
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ZA7F WA &35 £ 4 ATHON et al. 2012; Kim et al.
2016b). B=3F, PMEF= ARSF fa, 4717F Bage] oy
e AEolE &8 F At o F B0, Ay HEole
=% (Dressingy> 218, 2% 5 FARORE Az o]
A Ak 4 =, Spirulina FEES F71sHE Z2)9
= (Polyphenol), T|FAJoPd 5o ditsl JEEZ <ls)] A
2 A7y A= A7 7] kel At BAE
TH(Cho et al. 2005).
vpARRO ® A4 Al e = /‘Pir% A AlRE &

£ 7Issit) dE S9, Chlorella %% ga-slo] Tt
B2 At A3, Chiorella F&=°] 373 CGF= 2l
TU=E9] ASo] FXIHIL, HE 3 ﬂ@r aso°] Yeh=

o] FlElom, Foll gld HERIC/T S = ol
A7} AR ASETEE %ﬂﬁb B B EATHKim
et al. 20152). FA SA] 2 FA TE A % AIRE
TFst 72 UM ZF(Chiorella, Tetraselmis, Spirulina,
Nannochloropsis, Nitzchia, Navicula, Chaetoceros, Scenedesmus,
Haematococcus, Crypthecodinium)7} S-8%3 9o, 1A
=R AMES) A%, B A 2 AF 21, WAy 34
2 Aol e ARYE Eole Fal I Aoz W
R TH(Certik & Shimizu 1999). &, &, 22 59| 71572

Agols Bz A Fiekgom, Aajs) e Al
ARErE e 5 F2 7 A7t ER1EATK Ginzberg
et al. 2000). WAZRE oF FHYol= &=
Chlorella, Tetraselmis, Isochrysis, Paviova, Phaeodactylum,
Chaetoceros, Nannochloropsis, Skeletonema, Thalassiosira
$ol 2 AHgHP] B5 JUPLvt O FRElo] Alol, B
57_7]_4 /HXLO_ &xl/\]af]J_ thﬂoﬂ Eﬂtﬂ- x{s}/ﬂ o b:o] A

[o2E=T N =

F7F JSEHU Y (Naas et al. 1992; Borowitzka 1997;
Yamaguchi 1997; Muller-Feuga 2000; Fabregas et al.

2001; Apt & Behrens 2002).

V. 8oF 9l A&

Chlorella  spp., Spirulina spp., Haematococcus spp.,
Dunaliella spp., Isochrysis spp. 52| HAZF= AU T
4 ggol A s0%el e YR wemd FEos
289 5 91or], DAY, vE, 771934 T 3]
FAJoP, o}l BNl ZR)EE S el 7|54 AR So)
oh ghEe] glol AFel Arisle] B8E A, 9T
Y FEH BEo) /154 AFoR FA M BHE 2
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