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Recently, microalgae have been focused on potential biomass for bio-diesel and biorefinery
process. The. aim of this paper is to review the biorefinery process including biodesel using
microalgae as a microreactor. The state-of-the-art of biodiesel and biorefinery research such as
extraction and reaction process as well as byproducts utilization is described. In addition, we
suggest possibility for develop bicactive substances and their industrial products from by-
products of microalgae massively obtained after bio-diesel extraction
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243h b A glol 5HE 3yt "Hagd, of
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Fig. 2 Schematic diagram of biorefinery using microalgae
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. B3] FHole AEH 37 A sK(Bioremediation)
Ad vlAEFE o83t 3AF WA +4
&R W7 Fo ol EAE AAEY ol
star ok o)HE ZHe oiEwdE Fa A
A FEEES Adgste Wel ol&sta 3,
A Ago ol gAY FHEAE HAde F
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o 30 5
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o o4 A7t o] R YTk

51 AZE0F

HYAZRFE AEFLR o83 dRE =24
Chlorella 9t Spirulina & & & &4, ©]EL ¥
T L RIPHAE AW WARFEA telo
E AE 59 AREzAFoR A AEFHHn
ATk, Nostoc flagelliforme & 3} A mje] 22
o2 TR B, E2F F 4¥) d=s 2
HE FANA HFoZ AlgEE Bav) gtk
uAzF  FA TFZ2FY  Phaeodactylum
tricornutum & FX%4ke] 35% ol4o] EPA E T
Aol e ZeE EuFEgon, dHzzFRU
Crypthecodinium sp.ol~ &% DHA & 5% 4
B4 298 wFoA ARRzAFLR gy @
W= vk EPA 7 255w A oj4e 29
g & Qlol, BPA & T &-R-3 Nannochloropsis,
Navicula, Nitzschia, Porphyridium & TF4E vlAZ
Fol Az AEaH At =8, Spiruling &
oy o] ARFTFY 46~71%2 "¢ ¥,
GLA (y-Linolenic acid), phycocyanin, myxoxanthophyll,
zeaxanthin 5 g 388 Yehlls Edo] ok
FarEol ol AR ol BEANAZA ©
WA o] FULE AT AHRFANESER

AzHn gig®

52 7lsd 3N 4E Fof

wAlzRFE 4D AHAA Tdd FEEAS
AdEE Aoz 49A e, 2 dEd F88
Z 23 Carotenoid, phocobiliproteins, polysaccharides,
polyols/carbohydrates 5 © U} Dunaliella saling 2
FE F2 FEHE B-carotene & o|u HFEFH
TR 7}A ¢ ZRAEZR, 3 F(Western
Biotechnology Ltd, Betatene Ltd), |3 (Microbio
Resources Inc), ©]<=8}d(Naturebeta) oA AALE
W, AFe BxNL EAA, 3ES w3
HAA Fo2 'y AMgHo gt dxFal
Synechococcus 2]  FEE ¥ allophycocyanin,
phycocyanin 3 Z-2 phycobiliproteins o 2]8] A%
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o] flol FFY, FAF, g, Fulolzix, A7
247 2 TUdd AHTHYEAE] vAZRF
ojstel A 7Med Ao BuFL s
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6.1 2 OHNZEZE & R 4@y #d A3

[=E]

A2 0] dA AZ W M2 4AL B9 vt
olemAE WF BT 4 glow, tFge] Y
22 JehiE tharg mAl 272 5E vlo]e oy
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th AT olE
71%58H 7Fx o) o
A= W A FHA

A AEF FaEe] JHRE Ay
g Aot 2 E S8 Ut
o]it &g A7 o] tH(Table 1).

Table 1 The current studies on bioactivities of microalgae
as a potent source of bioenergy

Species Bioactivities
Nannochloropsis Anti-oxidant*®
Chiorella Anti-inflammatory®’

Anti-oxidant
Anti-cancer™®
Hypoglycemic effects”
Botryococcus Anti-oxidant™
Isochrysis Anti-oxidant™
Phaeodactylum Anti-inflammatory®’
Chiamydomanas Anti-oxidant™®
| Chlorecoccum Not determined
Dunaliella Anti-proliferative®'
Anti-oxidant®
Anti-inflammatory™*
Spirulina Anti-oxdant®’

wetA o] delME HZ viele uyA] A
2 BEHE F2 WAZF T A 45g4d
e ATHEAE AvEs ?soqur- SLEFER] A

A S8 dd A e e d¥Eana

6.1.1 Nannochloropsis sp.

Nannochloropsis sp.©= $-58 wlojoujx A4t
FE Yehie, =3 AF FgFo] Fof niele ¢
A F2S AT HEAQJA MHZF F U

=]

7 2o Qlvk. AS74A Ra" olE Fol dl
ArEdE FE O O9F EEIFAUAHPoly-
unsaturated fatty acids; PUFAs) (Fig 3) ¥ ¢ 28

I(Chlorophyll) 5 A2 B2l gt Ho] uf
Fiold, ojE FoRRE fiHdE Az o
g ATE Al ﬁﬁgﬂ AA FE A olth Goh
5 % & Nannochloropsis sp. %52 ZAAA A4+

3} (Anti-oxidanty E o] dhaf B vf Qi

i X R
S e i

Fig. 3 Chemical structure of EPA (PUFA) isolated from
Nannochloropsis sp.

“‘Q/\‘

6.1.2 Chlorella sp.

Guzman 5 7 & Chlorella stigmatophora A *
3t tgdFel Fhel A% (Carrageenan) (Fig. 4)° ©l
B e E FEol ‘i)\l—x: HelA LS (Anti-

inflammation) &37} the AFARE A
o} w8 wang 5 ® Q- ?‘ ol & Chlorella
vulgaris & FEE-E 48t E4& A, WA
o ARy Hdo] vHE A= AIAE Ky
Fon, g 24 WS B3 o 9l AHe
g Fx vz RuFEAdeh 23 ¥ FHolM
Chiorella sp.oll 98 ZAAN A8 (Hypoglycemic)
92 7Hdoe d7A%st Rad v 9oy
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Avamagsenan  Qsd ’ n acan-agenan

Fig. 4 Chemical structures of carrageenan from
microalgae

6.1.3 Botryococcus sp.
Rao 5 ¢ ZAxtel] w2, Bomryococcus braunii
o] olHE FEES A T, FH H AFAA
2%, 71% % 70%2] FAtsr &8 vehle A
2 WAFEY5, ol EWR B brauni $5E0]
7%% "“fi}x* ~E# 2z et FET EFHE Z
ATEHE H3loh

6.1.4 Phaeodactylum sp.

Guzman 5 Y & Chiorella sp. & A,
Phaeodactylum sp. & FH FE A E £
g B 2d HoN fow FIEF &340 U
= AFAAE A BT

6.1.5 Dunaliella sp.
Sheu & ' 2 ol 23 Dunaliella ¢ o
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rlo

AME F24 A (Anti-proliferative) &
ek AEF7] GO/GL & T, AS49 H St AEE
A EA 4 (Apoptosisys  F7IAIZITE L B H )
Hsu 5 % & Agseaccyd 98 f=¢
& ANA Dunaliella saling &80 48 ik
249 Frhel A #Hibslatge] AdAE Bl
7} .}x:.)g“O le}s}
Murthy 5 % o] A¥ANE D saling & WEeFl2d
(B-Carotene) (Fig. 5)°] 4] carotene B0t &2 4k
3 585 Y3, ol & B8 D salina &= 27
frofg FadER AFHAE FEE $ 99
3 HAEA Chou €79 dFB 1 WEA, D
salina TEOD ¢ 1&& FEE(EDS)S &AL
(INF-)2} 3kl (NOYe) ‘f}?}" %3}1 gdF
BE5E 2 Ae® ¥Ry, ¢ = EDS 7}
FEj gt ql AEA 2 ‘ﬁ’?xﬂvl %7‘“7‘4?1 o2
¢lol e} L 749@&‘:]' 5L B8 D osaling = JheE}
Aol o3 4 BEe €Y F gdte
e AY 93\5}.

Hy
Fig. 5 Chemical structure of  —carotene isolated from D.
salina

6.1.6 Isochrysis sp.

Natrah 5 -2 Isochrysis galbana &} "e< A4
FEEL2 &5 (Linokic acid)®] & 34132t
£ Al o 4L 2. B [ galbana =
ferric thiocyanate (FTC), thiobarbituric acid (TBA) 38}
EALAEA w2 g8 848 Zevde A&
uR.

7. 4B

dAAR ez AT87 —‘?—ﬂ]ﬂ T8 Ao
45 e @AMAAN HiRdSs dAE] A
=8 dFo2A *Est}°&"é§9¥ 5 AEAL
BE R FR7 FAAROx: F2F Aol ¥
F gtk ol# ¥ wol viAzFe] g wiejed
A A3 GFd 77 AEE ANE S g v
oleguole T4 MEe FILEH AT
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o] ki @Alska sk

o, Aitg mAHRFY wleleujxel I AAAF
S REF AEAYLE olfT F o do=
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% ?«1 & F8 volovde ANH tgE
5AF Oiﬂq F2 47 ¥ #8331 e 94

Z:":% dukA el Atgk ol HUE whol Lt
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g ogstn Ax gy 47l o 48 8§
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