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Abstract

Carotenoids are yellow to orange-red pigments that are ubiquitous in the nature and its annual pro-
duction amounts to one hundred million ton. This review discussed physicochemical properties, antiox—
idative activity, anticancer activity of carotenoids and its production technology. Carotenoids, mainly
used as food colourants, are characterized by its strong reactive conjugated double bonds, related
to oxidation by heat, light, acid, and metal ions. The provitamin A activity of carotenoids is higher
in trans form than in cis form. Antioxidative properties of carotenoids are related to P—ionone structure
and long, conjugated polyene chain number. In particular, B—carotene, astaxanthin, canthaxanthin,
and lycopene possess strong antioxidant activity, compared with tocopherol. Especially, B—carotene,
astaxanthin, d—carotene, fucoxanthin, halocynthiaxanthin and peridinin impart strong anticancer
activity against lung cancer, breast cancer, buccal pouch cancer and nerve cell cancer. B~Carotene and
astaxanthin are produced by biotechnology using algae such as Dunaliella salina and Haematococcus

- pluvalis: But the change of cultivation conditionsand-screening of algae, efficiently producing carotenoids,
are needed for its commercial production. Carotenoids are expected to be used in the various fields
through explanation of its biological activity and establishment of commercial production technology.
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Table 1. Uses of carotenoids(12)
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Fig. 1. Chemical structures of some carotenoids(4).
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o] FA 4t3t= o] o)== 54 o] QrH(10). 53] +&
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Species Color Existence Use
butter, margarine, cheese, ice cream, wheat products,
carrot, orange, . . . e .
B-Carotene yellow-orange vegetable oils, cake mixes, candies, soup, fruit juices,

tomato

beverage, etc.

toppings, frostings, candies, confections, pastry fillings,

B-Apo-8'-carotenal orange-red reddish, orange cheese sauces, cheese spreads, cake mixes, soups,
salad dressings, etc.

. mushroom, salmon, tomato products, soups, barbecue sauces, fruit drinks,

Canthaxanthin red . X
trout simulated meat, shrimp and products

Annatto yellow annatto cheese, butter, ice cream, margarine, butter cream, etc.
Saffron yellow saffron extract confections, refreshing drink, etc.
Paprika red paprika extract ice cream, cakes, noodles, refreshing drink, etc.
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Fig. 2. Biosynthetic path way of carotenoids(1).
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Table 2. Provitamin A activity of common carote-

noids(13)
Carotenoid AC(E,I/:)] ty
p-Carotene 100
a-Carotene 50~54
3, 4-Dehydro-B-carotene 75
y-Carotene 42~45
7', 8'-Dehydro—Y-carotene 20~40
f-Carotene 5’,6’—monoepoxide 21
B-Carotene 5’,8'-monofuranoxide 50
3-Hydroxy-B-carotene (cryptoxanthin) 50~60
4-Hydroxy-B-carotene (isocryptoxanthin) 48
5, 6-Dihydroxy-B-carotene Active
B-Apo-2' ~carotenal Active
B-Apo-8’ ~carotenal 72
B—-Apo-10’-carotenal Active
B~Apo-12'—carotenal 120
B-Apo-8'—carotenoic acid Active
Torularhodin Active<80
Citranaxanthin 44
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o} 3H4k3l 5397} 39 o)1 canthaxanthin® asta—
xanthin®] C-49} C-4'¢l] ¢ & oxo- 1.8 wj&al A
2.2 7} ste] deslm glon, wd 4D Fal zea-
xanthin, canthaxanthin, astaxanthine] A% g}c]g o1
k& dog)E A A 2L o= AL Bcar-
oteneX.t} 7}l Al QA Fct o 519 oH(28,29). Astaxa-
nthin® 53] Fe'7} 4.07)= AAte] & 744 w25t
Efotd] 214 F4ks} Wk a- TS S0 o} 1,0008) 7
H3 A 24 e Jehdokz B 28 3 9leh30,31). &
H in vivooll A 8] A1 L Ao} Algdstels He]d 9
& 213 #4k3}E canthaxanthin, B-caroteneo] & 4§
e Bt gla yhgAd o) Abda] ¥8 sle]l =2 g
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31eh(29).
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Fig. 3. Mechanisms of carotenoid on protection against
oxidations: (1) quench tripletsensitizers; (2) qu-
ench singlet oxygen; (3) quench free radical inter—
mediates.
hv=light; S=sensitizer molecule 'S=singlet excited
species; “S=triplet sensitizer; 'Os= singlet oxygen;

Oq=triplet oxygen R=free radical species; CAR=
carotenoids; *CAR= triplet state of carotenoid.
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o}t B-7F 2% 9] 7 $- Goodwin(40)- vh$-29] UV-A,
UV-B, benzpyrene(BP), BP/UV-A<%} 8-methoxyso-
ralencl] 2J3] f-=% FokS JAstx =3} 9, 10-di-
methyl-1,2-benzanthracene(DMBA) 2.2 §-E% Fo}
< AAZtn st el B-carotene 3T A4
phytoene2 DMBA/croton &=+ DMBA/UV-BZ
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tene>- TPA®]| 2]3 EBV-EA 2l $-%o )3t A&
Ftell A B-carotene R v} 7% &t 8} promoter AL 7}
A3 glgol FRAHFHYR in vivo AH AL a-caro-
tene 73H g ek A A AHE 71A] 1 9l &o] Fals
R TH4T). a-Carotene2 %3} initiator24] 4-nitrog-
uinoline-1-oxide&, promoter®4] glycerol-2 AF-4-3
oh-2= o) 2wk kot A ol A o 9 Fof5E g2}
A ZEAIZA I ICR R =H$-29] £33 3o initiator 2
] DMBA, promoter&4] TPAS E¥3tg-¢ o A
e FSTE FASHA 22 B k).
Lutein®] 74-$-, 53 kel A& Aol A initiations D-
MBAZE, promotion® TPA % mezerein®. 2 s3}1
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LE2E fo A H B H I, PN = AL
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2 Qrh47). =3 vhg-A T8 oukA) kAl o A
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H 7338l A oA S 9 A8k fucoxanthing ¥t
promoterd] TPAS| 380 3F-& T3k 7 o= ¥
FF ) ko] AAFH71ZH20F) Fqt s FA= A o
g2, C57B1/67F-$-2 o] N-ethyl-N-nitrosoguanidine<
Foi g Aol MAHE Ao ANA Fofol YA E
7 JAEFHE ¥ H(Table 3)(47,50,51). T3 fu-
coxanthin®] ®AFFHZ<! haloacynthiaxanthin<- fucox-
anthin® o} 7} g 548438 Vel 2 3leh47,52).

39, g8tz Atell 2% carotenoids®] A= d
A t2Y A AF £ 72" YA #lo]
A tH(38,52-56). Wald 5-(57,58)- 16,000 2} AJ <l &
Aol gt AL FH 3] delE FFE v £
A3, ¥4 dels £2171 $A ebd 869 oA st
I $A3ete] vtelydo ] 50048 SAE AR
Y-S 54 5)e] p-carotened} vlelul E9] 4X]E w]
ated gt W& 2ALR Ao A& Bcar-
otene¥} vl ebl E S| = ko 24 FsiAle] g
o vehygrl

Hinds 5-(59)=% s}e}e] oA c}bilE~§ tiAt &2 caro-
tenoids$} et =] AA S E38l7] H&A 19799
F8] 1982 74A] 3647 9] &7 Hl ¢k BApe} 627749 A
ARl T2 Ve A FA N 8 AT 244
£ 3 A3 ofx}e] A e foA e Al o
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Ao g vehgers 39l

Sporn 5(60) &t Bl A & FE 5
e AEEANTH JALH EF ol YA EES Fo|E 8

Table 3. Anticancer activity of natural carotenoids(47)

Group of experiments Incidence rate Tumor
of tumor no./mouse
Lung cancer
Control 93.8 4.06
a-Carotene 73.3 133
B-Carotene 93.3 4.93
Liver cancer
Control 100 6.31
a-Carotene 94.1 3.00
p~Carotene 100 47
Duodenum cancer
Control 66.7 1.05

Fucoxanthin 35.0 0.45
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Alg el A carotenocids @ otd-& A AHEljt A
< A =g B ES b sl ok sbsdeh & 354 o)l A
644 o) ol 2= 6107 2] T olAl w5 A2t = carot-
enoids EA] Bl elql 3} o}ed & Fof gt 2157 placebo s
Fog aF o2 o] 14749 Fo 2R A3 pl-
acebo s FH g L F oAM= Aozt gl ot vl =
otdg 54 FolA = At Ao -7 &t
£ Yehdisdota 3ok

9, NCI®F 55 A, 5], €9 dF-Aeell A F3F 409
2] 20,0008 9] EAg A2 2 537t f-carotene S 4]
HaA & F AR A3 b go] ghasigl o,
canthaxanthing 77} o138 Z = UVel 2§ ojqt
o] A" Aoz A YTHE).
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3 ZH2 2 bt Tl st e QA B A
o] g-o} 71"}
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E, ALEAVE, ook gA 24 thefatA| o] £E A
87} oA gItH5). 53] v13 FDACA] carotenoids
9] gatsl AFS A4l o2 FAFF F 23iukA|, gt
Az 9 Gt 5o g F27F 253
HATHED. 19533 29 2 2] RocheAtol 2} -caro-
tenee] ¥4 2.2 45 7] A2t on] A+ can-
thaxanthin, B-apocarotenal, astaxanthin 5] ¥4 4
Az o] &= (Fig. 4) & 7FAE, L8F 5

5, A%, do] g o] T2 YA R o] -5 1 glr}
67). 23t 2 v FDAS] A F2 A A2 ZA4] o -
3ho} A7} elntel gt AL A &1 g FAFel gt
28RS AR Fa7teAd TR A stEEH e
ol=¢] a7} FEslw vk AAE AN LE A
o] HlAl& 5 o2 A7) gel MEE rhH e a {4
Aol Q3k& v A A Pobe= B wr} Qoh5,6). £3E, 1l
I FDA 98 A4 carotenoids?} §A1E R} 10u)
AL Holyd st 50] gl Aoz HEH vt 9l
o] AdZol gt Az7} 2718 3 glek. A carot-
enoids 5 £3] B-carotene™} astaxanthin< 1 7} 5]
$-=3lod o] B-9] Ak 7]eo T3t AT 3 2 9l
th(7,9). A carotencids®) AAH-E ob A, A F 4zt

5 SolA Aite] 7hgstAI Rt A 2y v]Fo] 2§
ko] ) 1% o2 FA4F M) 7HH o] wol AA
Holl AL Qo2 vl 3 4 o2t B2
A& Dunaliella salina(68,69), Haematococcus pluvalis
(70,71), Phaffia rhodozyma(72,73) 5 =% £ FA =2
e de AETEHAY Y4 7[eo] A= K27,
9). 97& #F 2+ B-carotened] 79 Blakes triso-
pora, Phycomyces blakesleanus, Mucorales, Erwinia
herbicola, Dunaliella salina, Phaffia rhodozyma &<
= 4 932(7) astaxanthin®] 7 -$& Mycobacterium
lacticola, Brevibacterium 103, Peniopora sp., Phaffia
rhodozyma, Haematococcus 52 5 4 31eH9). @A)
7}R] ol & MAi & P. rhodozyma®] EdWe] & §
sho] Whetol] Fojdls AL Alojgo 2 nygR
Al sk Ad-Esl 9le, UV, ethyl-methane sul-
fonate(EMS), NTGell 9§ < ¥He] 2 novozyme
sp299(Novo Nordisk), PEG, CaClE- 0143 13 A A
3 o o g Fo) Nekg = u sty 9loi(74). Ca-
rotenoids®] F%-2 dimethyl sulphoxide(DMSO)E T
A& Gtz ol EF HfFelel 22 25 WA

£ A%z Qow, BReIFY A%, FRA: FEI
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| ™~
# Apo-carotenals
pCatene N

8- Apo-2’ -carotenal

Echinenone
Cam.ha)‘umthin
Astaxanthin

Astacene

Fig. 4. Chemosynthesis of carotenoids(67).

S Apo-8 -carotenal
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Citranaxanthin £-Sem
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£ Apo-8 -carotenoic
acid ethyl ester

Cryptocapsin

B Apo-10" -carotenal

B-Apo-12 -carotenal
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%2 271 o4 & astaxanthin A4te] A4tz 253
2 FAESE A Sdwe] A S Helsle] A4
ozt A=z doh75). dubd o2 319) 9] astax-
anthin A4t Ed o)Al = FAXA A o] =83 F A=k
o] o] PAeFo] el(76). A3} A o2 gAA R
£ S5 Wk vl A 24 S A g3 24 3l
B-carotene®] +&& A433] FHAA £ E HeR
o] A=l =1, erosterol auxotriph £2], B-carotene& ec—
hinenone2 2 A#A7 4= ¢l oxidase negative mu-
tant A%, V2 ¥ 1} 415 3185 S 0] -48)9] Tyco-
penes A E ol H3et= A BT 7)e 7o)
2.3H(77).

B-Carotene®] A2 vl X259l Dunaliella salina
of o &) WEF-51H 07 o] Fo] 2|2 g} (68,69). 22
E# dz]ote] ARl Sha o] 4+ shallow pond & 1
2 o8-8t glom, v Fa) o] mefale A fole 2
2] A& ¢4l paddle-wheel mixed race way pond
£ o] 831 gt} B-Carotene F2 28 ol o
o dE 22 Axid J 2 FelE 1 glow, o
= AQAAE, AFAE, & AA, ] 2 2204,
FAlol f-2o] AAAAA Foll o] 452 e}k Dunaliella
salina®] B-carotene AJ4HgA o] A3 2.2 = Dunaliella
salinav 244 71 S AP EZ A d=e 9
9] 7~8ulel 22%°]™ 30% olAFS] Fx HAE &

=2
$1e] FH 913} open culture?} 7Fg8hd, o) 25 A
FE 2% 14%2tE &8 B-carotene #8FS Bl 2

7V A7 W e AEoletn & 4 gleh wbEol) ¥
A4 2 2+ growth pondel biomass7} 1g/Lell £33}
I HE A R Hx e} fAlEtels HolH, o4
ufz} of2lo] Balsly w]go] wo] Erhe Hojr)

Astaxanthin2(70,71) Haematococcus pluvalis®l]
s AE-FIA Hato] 7hsd ALE deA 2 )
L2} Al o) wicke] o3 g 7R w3 o]
olc}. RA, Haematococcus pluvaliss B4-Z52
open-air WA BB 3 FFo o 290) H7] 4
$-5.2 tubular photo bioreactor®} 7+ w3 ulj ok
AL T8E 3 A vk a73lx sie) 4,
Haematococeus pluvalis~ 530l F 27} 23 A
EolA AAEHA Fakolle AA o) AL o] Feig
aplanospore® W&l oJ7|oll astaxanthine] &4
o} ol g dAFS Az B A g dgeTrl
v F A Foll Ws}Eta 9l-5-S 2 vl st o) 3t W3}
= A3 A e A e A 278 WAL
t}. AH, aplanospore?] astaxanthin 332 ZAEF2k
A 1~2%°] B3} o] Ex1o] T AlEHLS
astaxanthin®] &t $E2 23 F5+E5 98 Ab4
o st A|Ak & Hgr} 9loh

Dunaliella salina®] B-carotene< A FFo] 3z tj &
o] trans-¥ 1 FAAFHA= 22 cis-9} trans-2] &
gh3jolelx Aej@Ado] 4l 7hslh k22 B-carotene
o] AALA 3} A £ B-carotene FEFS Fo)= 2|
FFA Y slAde] e sich o] F ¢ allAe A4 plant

Table 4. Comparison of the Dunaliella salina B-carotene process with the Haematococcus pluvalis astaxanthin

process(68)

Dunaliella salina

Haematococcus pluvalis

Product B-carotene

astaxanthin

Product of formulation

1% solution in oil; up to 309 suspention
in oil; dry algal powder

dry algal powder

Carotenoid content in the

cell 8~15% of dry wt

1~2% of dry wt

Properties of algae

wall-less flagellate; fragile

motile, cell wall-less flagellate, fragile; In-
stationary phase, thick-walled aplanospore

Optimal environment for
growth

salinity >20% w/v NaCl optimum tem-
perature 30~40°C high light

salinity 1% w/v NaCl optimum temper-
ature 15~20°C high light

very extensive, unstirred ponds, paddle
Large-scale culture systems wheel ponds; concentration, stabilization

paddle wheel ponds(culture unstable); tublar
photobioreactors stabilization

formulation
H . relatively complex—flocculation and/or cen-  relatively simple-settling and/ or centrifu-
arvesting . : .
trifugation gation
R relatively complex-extraction, purification,  relatively simple-drying, homogenization,
Processing . L R AR
concentration, stabilization, formulation stabilization
Approximate value of
biomass (based on US$30.00/kgl[5%] o
carotenoid content in cell US$60.00/kg[10%6] US$30.00/kg(1%]

as shownin [])




1304 FAk9 . )

S g4 L o), frAxF e
FA ke Ade] g sje}. gt A
astaxanthin®] 47 1<s/PEE ¢4
FE 7M. & AL F e 272
2ol A4 vl FAA o] NS H a2 33 9 vH68-T1)
(Table 4).

2
n oln

r
S

2 <

AEA S Aagd i Tl A2 19 E o)A

= A 91+ carotenoids®] 541, AHsheiAl & et
28 5 A7) eAd 2 AT il e
o] ZAbslgth. Carotencidst A4 Y424
Al Zo] 2o o] fEo] gtou] TN o|FHY | L
B0 o F A H FEold Sl 83t Atsiot
FA delvte A4S veldlglel Carotenoidsi= ¥ e
gl A9 A4 etz 849 A=EE trans-F ol
cis-3 1} & A2 2 vebydr}. Carotenoids+ A3 Al ol]
Falgr BAdatae 27758 ey, 53] B-car-
otene, canthaxanthin, astaxanthin @ lycopene $-&
E@H R e AA FaEd s e e,
o]21 & EA L carotenoids 2] Z-o o] 24 g4}
B-ionones] 33ttt & Ao gl AL F4
= %1}, B-Carotene< ¥] %3} astaxanthin, d-carot-
ene, fucoxanthin, halocynthiaxanthin ¥ peridinin %
& Ak, F7Ae T 5k, A7 Al xS E Aol AR U
& sk GA s 84S vhepo] S olof Hi &
A FAFEA o ) o] = APt Heg AL
2 2|4 5 glt}. Carotenoids £ A4 B-carotene ¥ as-
taxanthine 841 o] QA = o A Dunaliella 2 Ha-
ematococcus 59 HFEFE o] 43 AETHA A
Ab7)4roll i3 A 77} R 8 3 g] 21, o] carotenoids
7t A £Eo2 Aabsr) e ob A = A
Aol A1 F771X7F T 2 F(algae)d] Akl &
F= ). #%F- carotenoids®] A-E&A ol dgk =
A" el Aakr)E N F3 carotencids7} thoFst

Bolo] o]8d zlog 7ihdct

fH 12 ox

N
lo o b 2 >
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