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e AR SHE of) &4k wlEkl g w2, PRI, I
oll, 2u7}-3
Vitamins, Minerals, Herb/botanicals,
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Health Use satisfaction,
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4 L2 584 692 687 8.5%
5 Z2Hjo] Q2 317 405 518 27.8%
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AEUAR, AR fBe YEE AN b Aom undy glow,
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11) Yamada M et al., Changes in prostacyclin, thromboxane A2 and F2-isoprostanes, and influence of

eicosapentaenoic acid and antiplatelet agents in patients with hypertension and hyperlipidemia.
Immunopharmacol 44(1-2):193-198, 1999
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hydrocarbons)2] A7

Oil Storage AgRacs B84 BeE S 59 £
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Degumming

A AA

el AT, e, A7

Alkali Refini
L ennmg A, v 247

Water Washing/Silica

HFE, qhsh AAE 9 W S5 AA
Treatment

Drying

T A7
Adsorptive Bleaching |MAE4d, 4ts) YA E, v|F F4, 3 =, o] Al
5

& Carbon Treatment

=l
P
&, PAH 3 PCB*IV‘]
o

Winterization 22gE AL, G2 AAExs T4 A A
o frel Al sl s, AR, 948 B3 5 i
Deodorization
slE AA
Hydrolysis or EfFeAeeg Zebo], Sl At o ~H =2
Esterification o Az
OB (E= wEHZ)o] A4k, o AHEE FHolal 84 F
Urea Complexing gol, ezl n¥s F, FEste] nvme] 2%
FAPAS HE
Molecular frel Felz=HE<& A3k Urea Complexingoll A &) €
Distillation EXHA ‘%}’“}% T
Supercritical Fluid °'74] CO2 frAlE olgdte] Basl At et &=
Extraction (SCF) 85%017e] BExHAYS H5

Preparative High-
Performance Liquid 95%9] A= 2u7l-3 85
Chromatography (HPLC)

A2 : The AOCS Lipid Library

I 9 Aoz gol ASHE ARERE ANFIAE AF Fo=
AHEEE AEAFADSE,  fobd AAVIEAFA Wel AEHI e
) 4271 don, Vet EEE I8A4S, vty 271 Aok

HT sFede] Astgel we o fol FF&olu, PCB/PHAS S 3l
setEdo] FHEol As F Atk FHRE QAstd ZFEEM, Algae)

120, A T AEHNS el FARA ALAZE F49.
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| Crude Fish Of }

.{ Carbon Treatment

Neutralization / Silica I |
Trestment

Bleaching/Carban
Treatment

3
I Winterization }.—.| Woleculsr Distillation I.
Vacuum Distilled Fish O
Packaging, Microencapsulation Deodorized Fish Ol

Soft Gelatin Capsules, Bottles

<ol fEf euZk-3] As AFE dnAzy o
A& : The AOCS Lipid Library

Vacuum- Esterification Giycerin
Distilled Fish Process

Ethy| Esters.

Deodaorization
Fatty Acids

Mixed Glycerides

¥

Omega 3
Concentrates

Purified Esters

Cyy PUFA
Fraction

Urea Gomplex | [ eyl Ester
Process. ‘ | Concentrate

Molecular
Distillation

€. PUFA
Fraction

Supercritical
Fiuia Extraction

C.pCus PUFA
Fraction

EBackaging,
Microencapsulation,
Soft Gelatin Capsules

Gz PUFA
Bottles

Fraction

<A olf fio 2vl7l-3e) Ak ooEg dnAzP o
A2 : The AOCS Lipid Library
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o em7h-37h FEwa ek

<> enil=3el ol gEE vE

2| 7}-3 Astel] o] &= MAYE 2dF % A2FTFINE)

Botryococcus braunii 25 -75
Chlorella sp. 28 - 32
Crypthecodinium cohinii 20

Cylindrotheca sp. 16 - 37
Dunaliella primolecta 23

Isochrysis sp. 25 - 33
Monallanthus salina 220

Nannochloropsis sp. 31 - 68
Neochloris oleoabundans 35 - 54
Nitzschia sp. 45 - 47
Phaeodactylum tricornutum 20 - 30
Schizochytrium sp. 50 - 77
Tetraselmis sueica 15 - 23
Ulkenia sp. 70 - 75

Xt& : The AOCS Lipid Library

therdk gele] A deld AR £RE LAEE, A% 39

WS Agste] @M 7b-3%9] single cell oile ¥& & Ytk FEF W
He f718mME ol & AY 2YACO2FEHE AHgst=d, 718l
o @R Qe 2PACO2FZe] AuE L ek
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EXTRACTION. cErom REFINERY 011

<> ZA R eH7-39) Al e

X2 : The AOCS Lipid Library

Pond¥ Tubed Panel 3

<IED> Z57 HjdAVd of

- s5C C0: +0il = Gaseous GO

—1HH .

{

Separator
Chiller
28— y

Comperssed
€02

Unuid COz

-7 -

ko] fro] 79 2w 7}-3(EPAY DHA 71&) & =7t 30%21dl, °1& &3

HEYGE AHAUE FIESHE A0 dEhta 9l

ZFFE AF] A offrol mis) Mibulgo] Zm, I Ao
ol AR oz 7}Ao] EX v Vegetarian YBE A5t Ax=9 2

E:)

< 7N E 877 Atk

<> 2Hpl-3 9w 7k (20129

el fr4 OFAo} e F 7]Ek A+
($ per Kg) | (S per kg) ($ per kg) | (S per kg) ($ per kg
Ak
el 6.00 6.40 5.00 480 5.55
(30%)
) 10.50 11.75 9.80 9.10 10.38
o7 9.00 9.90 7.50 7.40 8.50
Aol 10.60 11.80 9.50 9.40 10.40
EE] 76.00 82.10 69.00 68.80 73.98
2 G
FRAT 000 44.24 33.92 33.42 37.90
(40%-55%)
P
SEAAR ) 4500 163.24 130.69 127.67 142.40
(85%~95%)
£(30%) 98.00 120.00 112.00 110.00 110.00
Xt& : Frost & Sullivan
v, FU9 LA7E F£F
Lu7E-39] lEe AFAAIsEF/EY AFSLrEclH & 5 Ak

o] -] ANFMEAA = offFF-&ollAl= DSM, Asirta indusries7} 9131 Z&

FoelF-EolA= DSM, Lonzag & 4 Utk

FUZIdel Ae A8E FYsted AFE v RS Fol el
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s AZAE AR AFYLAAE, OFE FEAR Aol dES
£ 728 3 A

Marine sources - Omega-3

Algae sources - Omega-3 Plari soutes - Omega-3

~ ‘Algae Producers/Ojl Refiriers Growers association/Plant Ofl Fefin
“f.?.';fmﬁ.’f.:':‘ lllmmdlml mantfacturers. ers/Ingredient manufacturers
©.9. DSM BASF 9. DSM, Aurora &.9. Valansa, Novatech

Clinical Phama- Dietay.
Nutiion | ceulcas | Supplements
Faod et Animal end P
Baversge etFoed

<IE> eH7b-39] FEAkE
AtE : Frost & Sullivan

v ed7t-39 d=E44 714

oul7h-39) 7 AW, AFHEA Tt o) olsith.
waoe AFHE olfE WA, JoiSlA AT gow AL

g SRR Jek, DFOR Y= PAK UL, At

Yol A9 Aol ol Wal obel AATE YD AUk ol

4 71%, 8% SAHE THEA Srks AFA AT 4771 22 o

oFF T AgE7] WEolt

1) A% F2 FAUA, 2RGU 20lrh-30) AT 2R A, 48RS A9 B} 5ol 1A%
Aol
18-
wre Holxuh, AR sIdo]l 2W7t-3 A8 E 9 F FFHsI ofFFE
EE Azse BoplA o AR 7&4Ee BAH JOE »}EMz
Atk
<> 9Fl7b-3 T IPCEA B3 £5)
T 23] A Z1EMd & w3
Arista Industries,
F frel 27
DSM(Ocean ar Ea;]n“*l“ NCEEEE
Nutrition Cananda) |
LONZA. z5 o 2v7-3 ,
A 5
DSM(Martek) ar g A e |0 AT
A9 ine L B 713 9 ol AF, BAR 5 AEad &
) 5 9 AE AT |3 98
o, #ey, 22E 5 A
o] SeFE, AhUlA o trds} sbs 712 Q-3
Aol ot g o9 ousts ‘woszl Pe. 71& Sul71-30)
Ab, Ho] T2 QI 2 12w A% v 4o FE5 A
4z @ AZ 5
ez obzacgE| 3} b s} we HEF
WA U 2Py B4 38
BolAlek, 29, o073 £ T |ARE FUstel AFhstw
o) &Al o5 A8k =4
Rl 2w 7}-3 ]l &
AK &MN njo] @ 3, ﬂlj OI;;J; AFE] 7% Amarinie]
AXLE A Vacepa%ii FDARIZE 5

# Ocean Nutrition Cananda$} Martek& 212} o)y Qul7}-3¢} 27 2wl7l-3 #l271% B471%
o]l DSMef 1.
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TL=[ 2 "] 7}-3+( 2w 7}-3)+EPA+DHA+PUFA+HUPA +ome
P55 | gad+dE 5124 +AB=[ 2 ] 7}-3+( v 7}-3)+EPA+DH 1,532

A+PUFA+HUPA+omega3+E- 3 5} 2] - 4H]

TAB=((LC ADJ1 PUFA) OR (LC-PUFA) OR PUFAs OR
n=Es (highly ADJ1 unsaturated ADJ1 fatty ADJ1 acid) OR 1959

- HUFA OR (omega ADJ1 3) OR omega-3 OR EPA OR ’
DHA)

ANE 53 F 7tmAdelHE AT FAESE 53 1157,
FES 260/ & o5 FESIHE BAS APt

g =
Wl —.—ly .

e

BS 67 HE 39 90 91 WLEN BE 95 P€ 57 9 59 00 01 02 03 D405 06 07 GE 09 W 1117 48

Raus

<R AESHS Qe FA VY
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<I#> Q739 IPC(FA] 53] ¥5) @3

<GB ed7k-3 B IPC(EA] 53 25

IPC 5 UL

ABIK  [9]oFg, A3hg mi= shg AlA

ClIB |, . - i
fE), A B RE Y O 7R YEY 3F 36 2R

AR A (O 2hER), AR e gl Alx (9,
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(a) stationary bed chromatography or (b) multistage
US5719302 N
lcountercurrent column fractionation

Lipase—catalysed esterification
@)marine oil, glycerol, lipase
US6518049 |b)agitating

c)halting the esterification reaction
[dymolecular distillation

lenvironmental pollutants remove

*Stripping: 120-270T

sthin—film evaporation: 10-300 kg/h - m2, preferably
40-150 kg/h - m2

emolecular distillation:10-300 kg/h - m2, 120-270TC, 1
imbar

US7732488

separating ethyl or methyl ester fraction enriched in

US7678930 ST
[EPA and DHA : molecular distillation
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End-user sales in Pronova's
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Lovazat ©lfolA #tA4E active pharmaceutical ingredient(APDZ EPA
¢} DHA®) 1&% FAE F3l Axgch

US5502077¢F US5656667+= Lovaza #¥l HHE532A HFevtam dA
AWEE ¢TI AT,

£ 9k31(0macor)
16) a‘ﬂ&ﬂ!?“ v, elgele, A.-ﬂev a2
Norgic Health Care Coalerencs, 1 December 2010)
1 L%ssozo'rm US5656667¢ 1 & 247 2012.06.23.  2015.06.060)5}
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Molecular distillation
US5130061 Innova di Ridolfi |1. esterification IDHA ethyl ester|
Flora &C 2. molecular distillation: 10-3 mm Hg, 65° -70° C content of 85-95%
3. silica gel chromatography
Urea Complexing &Super Critical Fluid Extraction
US6528669 Norsk Hydro 1. esterification [EPA and/or DHA
(PRONOVA) 2.urea adduct to extraction treatment with a subcritical or supercritical fluid at 60-65%
temperature not above 70° C
Urea Complexing &Super Critical Fluid Extraction
Ri=ES= 1L 2UA A 3G 2 24 i JAHdE Az THE A 71
10-0972703 4 7\’4% AA TFTI S I THE  AF 1
A 2. ZAdA FA e 86~96 2%
3. 2UA FA el e FaAA R4 SRE 3
Molecular distillation
1. esterification-oil:EtOH: 7} 4 ©+=100:30~100:0.5~2, 40~70° C
2. molecular distillation
10-1204748 Are a) l%} 0.1torr °l?} 100C WA lSO‘_C EPA  ethyl  ester
b) 2%k 0.1torr ©]3} 140C W= 170C content = 70%
© 3zk 0.5torr ol&t 120C WA 200C (R FEEEHF)
3. 2PMES E9F £ 271F 1 A 7 FF%e] &4 .10 WA 0.05torre] W
3loll 50 WA 70C oA w3
1.Alcohol washing - krill
conot washing r.1‘ Total Omega-3 =
US20100143571 BREIVIK H 2.with CO2 at supercritical pressure .
. . . 40.0% by weight
3.isolating the lipid fraction
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US5077202

Nisshin Oil Mills

2.removing the solvents
3.Washing the residue with a non-polar solvent
4.column chromatography

1.Chlorella with a mixed solvent of a polar solvent with a non-polar solvent

EPA = 70% of
glycolipid

10-1994-0019311

w3 229

£ 50~80C ol A ¥ 1,070 psi~8,000psiZA CO27F2E F<)

US5547699

Kawasaki Steel

1.culturing the strain of Cryptthecodiniumcohnii
2.separating bodies

3.water-washing

4.disinfecting the bodies

5.Drying

6.supercritical fluid of carbon dioxide extraction

DHA =40.0% by
weight

US5767095

WINGET; RODNER

Anti-inflammatory microalgal

R yield an organic phase

4. removing solvents

1. extracting algae with an extraction solvent to yield an extract
2. phase separating the extract with an organic water-immiscible solvent and water to

3. fractionating the organic phase by polar chromatographic separation

30% to 100% by
weight of MGDG-EPA

US6518049

Norsk Hydro
(PRONOVA)

Lipase-catalysed esterification
a)marine oil, glycerol, lipase
b)agitating

ohalting the esterification reaction

dmolecular_distillation

Omega-3 =70.0% by
weight
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1.wet microalgal biomass
2.enzyme preparation to degrade the cell walls
US20110251278 FEYECON BV -
3.Isolating
4.separating the oil phase
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- Nestle:= 3 Pfizer’ s infant nutrition
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- Minute Maid BlueberryZ2~ol] 2w 7}-3

Zelstel &4l
-1 - Tropicanat= &wW|7}-35 73}¢ Pure
Premium Health Heart Orange Juice
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Omega-3 ethyl-ester

Lovaza Pronova comprised of EPA AAH zx2 w713
and DHA (38% DHA + 2 g4
47% EPA)

Vascepa Amarin Ethyl-ester form of EPA |2012.6 7] FDAS] +<135

ol RS (Mochida
Pharmaceutical)
AEA ol A 5olete]
TR W E(2012)

KIEHLEE  |Active ingredient is EPA-E
Epadel (Taisho 96.5% (Generic name:
Pharmaceutical) lethyl icosapentate)

50%-60% EPA and
Epanova Omthera 15%-25% DHA
(free fatty acid form)
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<IE> 73 AANE A%

% : Frost & Sullivan, Industrial trend analysis-Omega 3, 2013

<20134> <2018 >

<> n7k-3 #oPd Algulg g
X : AMADEE+COMPANY, OMEGA-3 MARINE AND PLANT PRODUCTS, 2013
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- Algae oif : 6.6%

- Fish oil : 13.2%

- Vegetable ofl : 11.5%

]
(EH9) - migray) a5z
I 146
B ——
2013 2018

WAlgoe Ois  BFishOils ¥ Vegetable Ok

<> AR Q73RN TR

% : Frost & Sullivan, Industrial trend analysis-Omega 3, 2013

<GB Qu71-35-3-8-opd A

2013 2014 2015 2016 CAGR
AR ZA 1,143.9 1,260.9 1,389.3 1,536.1 10.3%
ER=a=2:3 352.8 430.6 540.1 700.7 25.7%
frobg 301.6 315.5 328.9 342.8 4.4%
o] k& 482.7 541.3 604.2 675.2 11.8%
ALE ] 7HA 94.0 98.6 103.3 107.7 4.6%
S8 B 2 A 35.0 39.0 43.6 49.3 12.1%

Z7X : Frost & Sullivan, Industrial trend analysis-Omega 3, 2013

S em7k-3 AT RE 20131 oF 567 HelA AWFAELE 14.2%
2 20189 1,100¢ el o] & Aoz MusEa gk
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AAZ DSMe| 7% Algal Oile] FadA9Y Marteke} o9 F8F
FA  Ocean Nutrition Canadae 20113} 2012\ d0] Q=3¢ o,
BASF&= 2H7}-38 99%7HA 5% F A& 7leS BF3 Equateghk
2 ou7k-3 °FFRl Lovazad|Z7|€& HFT Pronovarbs 2012¥
2013d0) <153k Th.

ZFe emz-39] 49 DSM3} Lonzazt ZAle] 55%F 2tAsta 3l
©m, Avesthagen India Inc, Aurora Algae & L% AEHANEo] A%l
Fefatar ol

Hubei

Fuxing  EPAX

2% 3% GC Rieber
4%

<IE> 2ui7k-3 QA AR d3H2012)
24 : Frost & Sullivan, Industrial trend analysis-Omega 3, 2013
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o CAGR : 14.2%

© CAGR : 22.6% | 11009 R
S67242
16792
2007 20134 20184

<> ) u7k=3 AR TR A
X ABOIOFEE 91(2000~2012), AN HEXNE(0I1NE AR KISTIEY

o 3343

1) AAANZ

AMADEE+COMPANY AF] H 314(2013)0 w2 ow7}-3 Az} 34
3 HARE AAA 1809707 EAS 1 F 60% AR Fargo=
Yetga gl

Pronova BioPharma(BASF), DSM, Nippon Suisan®] wo]# 3A}7} AlA Al
el 58%e] AlAS ARt dem, 1 9 GC Reiber, EPAX, Hubei
Fuxing, Lonza & thF2] 719]e] heistar glo] A Aol X dt ateltt

o fF LS AT mM7k-3 AFo] tFEE  ‘commodity’ AFOZ
7HA FAol Fo AALACH, VIYEL MY, 5% &%, 14T
gE skl AAbe] A FHE %{ Fa Qlch

<> 27 fEl L7383 A AR d32012)

% : Frost & Sullivan, Industrial trend analysis-Omega 3, 2013
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BASF& 9|oF# 39l 1%% 2 7l-3(Omega-3-acid ethyl esters 90)
o U #WulE 91 KFDAS] FHF5S 2013de F53ed, e
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