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Research Progress on Industrializable Technologies for Fucoxanthin
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Abstract: Fucoxanthin, a natural carotenoid with an antioxidant activity, is mainly from marine algae such as
brown algae and microalgae (e.g. diatoms and chrysophyta). Fucoxanthin has great potential for market development,
but its industrialization degree is relatively low. In view of this problem, this review firstly provides an overview of
the physicochemical characteristics and functional properties (such as antioxidative, anti-tumor, anti-obesity and anti-
inflammatory effects) of fucoxanthin. The research progress on the upstream development and downstream processing
technologies for fucoxanthin production is comprehensively reviewed. The upstream development of fucoxanthin (biosynthetic
pathway, screening of fucoxanthin for production, and culture methods and conditions), and downstream processing
technologies (extraction and purification methods, steady-state preparation, and product manufacturing technology) are
introduced in detail. The currently existing technical bottlenecks are pointed out and possible solutions are proposed. Finally,
the application status of fucoxanthin in food, cosmetics, medicine is presented. This paper will provide reference value for
future research on industrializable technologies of fucoxanthin.
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Fig.1 Structural formula of fucoxanthin
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Fig.2 Biosynthetic pathway of fucoxanthin
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Table 1 Sreening of fucoxanthin producer
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Z AAERE
1 Phaeodactylum tricornutum  59.20 2.30 [40]
S-29

ZABisk
2 Phaeodactylum tricornutum  17.55 — [41]
X1

ZAARE
3 Phaeodactylum tricornutum  12.20 — [42]
CCAP 1055/1
ZhEeE
4 Phaeodactylum tricornutum  10.32 4.73 [43]
CAS

ZhEisEk

5 Phaeodactylum tricornutum  1.70 2.12 [44]
UTEX 646
b s

Odontella aurita

TR EHE B
7 Nitzschia laevis UTEX 2047 16.5 [37]

Kikbb ik
Tisochrysis lutea
KiEbe %k
Tisochrysis lutea
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Isochrysis aff. galbana
HOR RS AR 3
11 Sellaphora minima 7.50 1.12 [39]

KF959656.1

21.67 7.96 [45]

79.40 — [36]

16.39 9.81 [46]

18.23 — [47]

10
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25.50 1.10 [49]

14

364

Hil, AEEERATERTENGHEELRS
i ade, AH K 40 e v B S0 3h BE I BEOR B, AT
RE o X R £ AR N 4 38 B T, 4
S, BRIk AT DL &R 7K 2 3R AT
A7 Gérin FPVHE AT R BT P Rk K HE EEOUE
. (Sellaphora minima) F 4 % 3% J # (Nitzschia
palea) 7t FDMed 3 77 5= 7] DLAG H AR 7 ek 35—
¥, HHTEBE AN EPA FIHFF A, UEIHR KB
KFEFERA L AR E R,

S, HEDN T A B R A BRI T A AT
TAEEA B AT KR, Z My A4
EEEEARNE 1, JF AR IR R I A 1 i 2
K& ASAH A, ATh R 0T AS 7] 35 28 13 47 S0 M 1 85 77
ZARAL

23 AFERREREAMN

231 RAFAEERAM

H oA 5 2 W B R 5 F FL F2,
NutriBloom. PT-7. PT-8. COMBO. Walnes 25",
By A IR e R FR AL R AN A B, B A
IR, DR A S R R, 3R rh PR
WEAERES &, AWAKAESEA LN
HEASTENTR, SRS REENTAEEEN
2, Xia LS RIEM AT, T2 EIE
Al SR N S R R TS, SR AN
R TE BRI E . Mcclure 251 7E F/2 B33
NTEIR R, SR B ERE T HER R R —
B EAR kR A

B LR LA S 7R B4, Wi A S AT AT AE AN
BFF R8T ) 355 77 A0 R BB s A . ¢ [ 1) Butler
PR T — REIT M REFR L (Cell-Hi F2P, JWP
N WP) AR A& K 98 & (FloraMicro Bloom), f
T=MEIRENEIETE, SRKH, HET F2
R, Z R FHERAEM,. ENERE, &
FRIALA 7. Gérin PR T —FhiE H Tk K
TE 3 10 B B4 B 9% &L (Freshwater Diatom Medium,
FDMed), 1k T FDMed 5% 7% 2 b 0. HeE A (1)
EEML R, IR TR A KRS R R
2. Wang 21 5] F/2 5595 5 b R i K SR )G
Ay DL A B o e WA R AL AR, A
AR S VWML A, ZHE TR B WE -3-
B, Wl -3- TR KR =My vl LA E R
BT RO A RN, RiEEERNEDE




R EmEH

Modern Food Science and Technology

2024, Vol.40, No.3

Jifo Truong™ e jifi fin 85 e A 55 5 LN I (0 R )
PSY M1 PDS1 [ i, feidt s B s R A & .

B EE AR T AT AR = o s R T AN,
AT ARSI A = I A . AR, XA [F] 38
XK, MR HIEFRE &M, FR, vk H AT
WS TR AR S B BB A, ISR/
BARE IR BN R IR 2 IOAIR R . o R BRI
nym, DARAL S BT R A = B AR
232 RBEM

T HR 2 AR ] X R A M A KA B R R
EANFERIF . R, AEEER SHEER. il
EE. EFEE . R ERE R -
2t 2% a/c ¥ H (Fucoxanthin-chlorophyll a/c-protein,
FCP) E-&Y), FEISFEARIE ke ' 1 SR H 1A% 8
FfEFPY . Truong Z"HFFEINN, AEE R &
5 FCP Wi il FE A 5™ o T R 22 T i v 1%
FEOLIR SR FE W SR AL S5k . s B
TRAE G I R R N, ML DUMR S
PR RIS i ge i RN, MBRBETL
KT, WERSRINAN FCP EEMIRE KL, 5
THAEEERN SR, UL IREOE 1 RE ™Y
MRS, s R EH e T & 1EH
KA, HEHRARATAY S, Smemha by
REFEOLE R E ML, WS AR R4k
Befde, M SBCEERRTE TR BRoLRRE
b, RIS AR 2t 2 S M e b A s R AR R
Wang 5WHF LR W, 750 B (18:6) Z&MF R, #i
H ¥4 (Cylindrotheca closterium) 5 5 = 4E
PR, N 14 mg/(Ld), JEHAF TR E
AN, Yi WP R A4 e R & X = A
#1RE: CCAP 1055/1 i e Hifh, (HAEHFE &
FAEY)ERE AL 3 (50:50) 653 1 3G i 36 A0
Marella ZEP R s th R B, ML FL6RAYE, 4
FEAR B T R I I O
233 HpedEigm

B IR BRI AR W) I I s 48 DR 3Rt 2 0 o TR B
RIFL R AR . Lu 25079 O T 22 18 15
P B RN RS FR I T i T R R R A, R
—WrBE 3 L R ERE oM 118 25 T kAT e 97 15 7%
FETEAM M T8 E 3G W RE 7R A kL, 15 B8 m 14
Mo B, 5 B Bl H R F) 200 mL SV G4
VI BL2E AT IR G 85 7%, N6 R U k5 8 58
FRR, ZEWA B EREER, SEER

PR R Ik R T 16.5 me/(L-d). SIFARGMEL,
ANV R N AT R T AR E B IR %, I
B RS G wis gy, Bk, BT 4UEH R
iKW, JUROEEY N 2T, P ARIR
FERFNVEIREE, #H HH T A r= a1
L AR

3 FEEEZRMTHMIKZA

3.1 BT ®

B HLEFNR BRI E AL G — Fh a5 R IR
Jivk, MR H A EE R RENERE TR —,
{AAFAE— SR T Z AR i, PO an$R BOR B &y i
K, ReFER, ZGERUE R IE M REMH
BT, PTG JIAEE, AN Tk G VA )k B
S B AR T N R IR B T Rk
PP, FERBEINERE. ARG ORE AR,
s AR RS IOE . A RIS A D
PEHUE. BEIRIESE.
311 HAEFZRE

R ERR-MEREOR, SAEREE. B
e BRILEWM TR, FUE AR, OB,
HIETEA. AERFD 2R £ T8 S5 A A ML 5 4T 32
o —Mokut, 70 RS i Bk & Wi 7 7 X
YT T L 20 R B () KA A R ARSI M DA 2 B A&
PO il Y, A R R IR 5B
WERAIA M. Min &P T HRREUE T (4
BE. NEA. CFRAOEE. ECki. K) X =fMuEfE e
HEA B R MIREE, GRRY, CERRIER
i (1571 mg/g), FFHAEHREBNES OEGE
FCIELE, A PR SR HE HCRAmAS, T 1E e Al
IKTCTEE R IUE 5K R . Xia ZEWF 70 T H A4
B R0 4 0 BURE B b 5 T R IR IR, 45 %
By, HEEMIRECER R (16.18 mg/g), LBEIRZ
(15.83 mg/g), WEAFEMK (13.93 mg/g), MMk HEAK
(A Tl Tk R T e R AR OV R IR B R, 1%
ZE L5 Min PO S0 45 LA AR RE . (H T H
HA BRI, AN H ORI & 8 3 3 AR HUA 772, o,
LM A TR T AR B e AV A7
3.1.2 RIWEFRAREIRE (Supercritical Fluid
Extraction, SFE)

TZVE I R R ) R A B, A
FEE RV M R AR AR AN, DAHEAT S W3 R Y,

365




HREEEH

Modern Food Science and Technology

2024, Vol.40, No.3

5 W) i B8 (14 32 B[R] 2% o A R RIS T 751 11 3k 4%
W 155, CO, &5 WL SFE &z —, B
Hhs., waethm. WRREEH., AN
(A A1, DRI AN £ 38 Bl s 8 2 2R 110 s iR P A AN 4R
TR IEARED . SR, BT CO, MPEAR, EFREUR 1L
A TH RO B 22, DRI 3E A FH s A R A
B LR SRyERIZ — a8, (2%
N2 R R Carmen ZEPM DL 2 FEAE il I S
CO, WM, #iE 7 =MmIEET S EER
PEHCR . AL ER RIS R RIE S, RAAEE
7730 MPa. % 30 C. ZEAERISECN 40% 15
R, AEERECE RSN 66.60%, HH LREK
BB REENLE, ARBEMAEMEEERDN
SRR T 3.5 f5. Masaki Z£°F] F #1157 CO,
RV FEA [F] S5 A o 4 7 53 v 2 98 2 2 X e
PR AT EIRCR e, 25 AR, 7ELL O RE B
Wizt £ 7730 MPa. 5 =120 C /w544 R,
AT DL o B 3 1 [l WA 3R R o T o R I =X
SEH4K, Nakazawa 2"V 57 2 B i 35 0% 20 A = 5
PR ] g b4 Je AU i A B S s b s v,
Kawee-Ai 25 I 7R W, IS M 2 B B A 2
OB FE R mnmide s, MBS 1 a B R P
PE, B, RTA R RS A R D R R IL 75
BRI, DA Era s R A A ).

&S ZERT AR, SFE B 24 Toi5 gy,
TALZERFIEFEABR . LM, $RBUSCR &AL
K, B ULSS MRS (Gas Chromatography, GC) B,
B S AR (3 (Superecritical Fluid Chromatography,
SFC) &5t il R BB RN o 78 RS AR
7e b, AT CO, BIIRICRI, PR AE
FERA, PR SFE fE 45 B 3 KB A ERA R
B ) S AT 5%

3.1.3 A F#H8hRIE (Ultrasound-assisted
Extraction, UAE)

A P A B AE IR RN, . A RN,
BN AT — B IR AN, e T S A ST AR
e A B TR IE O P, S ]S R S5 1) VA Y 7R PR A Joi
AR, ARSI SR ECRS, M R R M 3
PR AEAE IR, AR B EREEE.
T AN i gk e I THT VR P4 T R P A B AR = A
WA RE RN L2285, SRKMN, “EH
B[R] 43 min. ¥ 39.8 'C. W7 S EEARF 7 ECh
95%- EHE LA 1:1 055 g/mL B, 5 AR R

366

BN 2.18%. Anxo %@ m B A AL TR R
AR I AR T (Sargassum muticum) W1
MILTESH, S5RRY, HEREFE3IBIW, @A
18] 45 min. V451 ZRFARRR I EON 84% I, A sy
=HeHCREE, N 0.93 mg/g, S5EGMERIRIRE
FHEE, $REEA Pt

8 FE AR B IR R A T A Rk A 5
WA FERT L. PRECER S AR R A i AR
wEPE, SESIRIOUTEAME, &Rl R B AR
JTIES . B E DR, BRI T IR A
72, Bom 2517 G IR 30 75 2R Goxd 4 s S b i
By AT AR AR B, R T2 S HONE A )
# 60 W, HE 20 kHz. BAIA] 3 hy WEZ 30 C,
AR E PR AR T TR R AR, Hop s
PR PRI N 3%, M T 1L S W\ A S R
g, JEIE R RSB A NS, KR
P PR, A4S 7S I AR B T AR A =
3.14 HARRT K

T g Bh R BVE - (Microwave-assisted Extraction,
MAE) 1] DU & 9 70056 26 R (95 38, B
R TR AN 3 T DA 6 o A oA e A 1 B i ) 4
YR, (Rt AR MGk s A
RO FEFE fad 2, AT DR FH Ik v kst Ak B B I
() F1%) 32 255 [) R i b B, A 25t AR T TR A B 4
HUIoh e 2 9 B T 1) P e U R I o g S
7 ASE A e B PR ZH RS 23 K AT B 255 A RO 4y
IR, TLRRFrR S, wadE T Dl feAr=, #H
L0 11 S N el = (A a8 6 0 Gy B e P 1 2707
AT DA B BT A Ak 30 IR Bl 25 6 H Al 4 U7
2 BocEEEES ER R T R AL S
FEUE P R R B A R R R S, SRR
WY, N5 43 B 7.5% IO AT 4 R AN 2.5% 1R
fig, pH {4 F, 40 CIHIR/KI 37 min, 753 1#
APLHUEN 1.006 8 mg/g, WAL T Bl A A
P A IR EL . Khoo 212 FH H 2 13 B A 4y Bh i 4
XARVFIE R G- HUf B (Chaetoceros calcitrans)
A B ER, R, 20 A I E A T
K, RFEAEERBEN, IHIHME ARG A
BUAFIM AR, AR —MEe R, BEIHR
IPEHUTT i, & T R 0 e i AR A 0
(Pressurized Liquid Extraction, PLE) [ 3= Z AL &2
R R, EFIEFERAR, H %A B R
(50~200 C), Hyit i #EE R BEMT, FdE—




R EmEH

Modern Food Science and Technology

2024, Vol.40, No.3

BT Z55.

H ARG B R TR I Z M e K 2 45
AR SC I AR, D IE R A 7, 7 B VA
MBI AN S, Vimadt— BRI,
PAIR s B R A A A

32 @ b4k

MR A RS, R A
G WdE. AR, RIGAETE SRS
B R M. H AR WL B A T A IR A
Prige. EZEN S, BRI RS, f
i Xia ZEWBUE R R AL EHTVE 20 B U E & 4 o
R EH 7y, I & & BORUH Bl ik alih
FBEER, AE>97%, ZikBEARMREE it s
R, HEFEONFER, [TERKEAIEF. M
fi AL FE 2N B R AR . Gongalves 257 ] i 5 0
43 TR E0 VI 435 A DR € T v o RTR b 4 v v AR 2 R
AT, 93T 405 >99% M s iR,
ZIEA R S, I RO B AR A =

3.3 RAMFE A

HETE KRR SR T AR RRE, R,
AR IR IR N R BT BE S U R R AR,
I HEKEMEZ, TERRIRIEN B Wh 5 B, Y
b Al 35 57 RN A e A A b 2 R LR, A
FAEMFIHERET, TEXEEERETRESN
b3 DL i AR AN A R FH

BEM GRS ) OCHE, /0 B —BER
MG GRS, HEBEMRIFNEAR. 25, |
Ko NLARMRE L E UMY R4 . Fln,
Wang DL Ca™ ZZBEFRAT IR N A2, FFLIE &
FLor S & T & 5 PR R YRR, 38 2%
K 96.19%. Li 545 DL & (R 1 e e 7,
K FH ¥ AT V21 2% ROK BE VA 2R 1 R 28 0
W, UHNERIA 94.35%, [ARHXHZ A REEATIN
PFa e PERMEAZ AR R PR S as, 45 SAIF M R X
PR B R 100%, TR IRE A EEEN
FE M. HhAh, PUEFIE AT DR A R R AR
SEME,  DRURAE N L s AE A I o] DL R A S i R
TP ,

S HEE, A EFRERNRCE. BE.
AR R AR S T R . (BRI R
AR, TEHERENHL, MARBNKBAE, B
ORI TIRNFIE T 1 38 AL A P 1 R s

iz, e Ere T2,
3.4 P IR

] PAY A/ H R 9 2 2 v BB AN RS
2K, Wil (Saccharina japonica). #7 (Undaria
pinnatifida). Wi3E (Sargassum fusiforme) 457,
TP A= Tz S B RS S Aty S TR 5
PP, R A P B R RN D, NE
A R IOEE B B R A S I 2 AR
B2 (EPA Al DHADP™, 1 i f 5 (1) BF 70 A0 S
FEE PR St e A b, TR
TR E AR, BT TR, M
TR 2 A 250 IR 7K, RIS A 7 2
MR T, A= TE A RCEAPR S T e
TEA B R LR AE ™,

AT SR ) O AR 7 o AR IR BIE A IE K
W, RS R AT S R R A . [,
DAt 51 ) Algatech 24 &) R 355 P 2RI 42 H 20 (1) 77 54
R, = MBTREAZRFTHEAT I E TR,
FEERETAZ IR, BN, EnL g
WE A A P a B R R A, DUORANE SR
AR, A — 2SS 1000 kg B TR T
A ge . LR T IL AR BT A T B S I = A R R
LA ZE A FRTE B Ak, 1% 4 BITE 2019 4 1%
D EEM = A, BORER, R4, +
FRIGIRBUA B R, T N TR Aot i 5%
(|

4 ERFERAEFVAGEPINASRE

Beppu %5 F Mg 38 o 2 HUAE AL 1 4 9 B 30
ANEHERT T ORI 30 d 92 I EBEMESRES, ER] T A
PR AR At BEE X A B s R D RERF I IR
AW, HERERCH M TR REME
ZEEAT L

4.1 FHRFRARRKRE R IOR T 0 A

FHEBEREA—MEEAKRAGER, BYIE
NE TR ISR, Tk, [H Ak
RS AR EERNREES, FTRONRIE.

[ 4k, 5 FE AHD 2 =] 5-1E 2006 4wt 17 T 37
e — P A DRI D R A SR I, e 3 )
NE R RS, REEFRGIARFBE (NSD §h
Nature’s Way #f i} FucoThin 7 5 ¥ & & 7= 4 78 71,
BB EVEM EIMGEER: . HAHEH 23505 MR

367




HREEEH

Modern Food Science and Technology

2024, Vol.40, No.3

R ZEANG R, H AR SN R LA AT
¥ 038 3 N B RS S ™. 5 E Health
Balance £ 14 Ht SKINNY LAB it \ i iE ki 5, 1%
7 d A2 B A A IR 5 73 A AR TR 5 95 3 3R 2H R 1)
LREEY . DLESIIEEERE A Algatech T~ 2018
FEHE o Y B 2 ) ——Fucovital®™, &5
A TG R PRI A T R P, AR 2
i B A B R LU BT A TR

B A, Ll 2RV S e A DAOR B A o R,
AU T 42 1 A AR TS0 T e R R A R I R e
/K s UM ER FRHE HL Y FucoSlim ™S 2 & —Fh &
BAEEHERNIREPENDIR B kL, SRIE T RN
H, 2 BREEEARN TR, 77 AR E A A
Z 5Nk, HarHnw & 5iEmERITRAE, @
BT IR AR IR A ;b fr
FRARE /N EE ™ 5 05 5, 8 I FucoSlim ™ i 45
R, TR/ EEUAE NBEAAE; dbnigttd
A 2018 4EHEH ThinOgen™ %5 # % &, 1F N A Ik
RE D28 ) i 08 TR A SRR R A S A A 5 Al Al
W HAVES. mF R RN TGS
A I RS A
42 FEEFAEERFRE A

R B AT BRI PR A BUEAERT, ]
FF B BRI G 0R 4, DA ) 6 A 28 4% S 1) 47 T 5%
M4, B AR A 24 R R s DA T SR A B
Johnsen ZEPVR B T —Fh & A EEIE RIS b
R, EREPER. - TE g T “—
Tl 4iE 2% 17 19 22 A 10 525 10 B vl L 4% 1 2 R AL AR
LR, W EA BRI E S ] ieb Bk
KA EI AR F AR 2 R R LR -

43 ERERAE HURH A

VT AR 2 RS 5 4R N SEEGETI0IE | A B 3R
BAEPUE. PUREIRW . AR EFENR, MHKEYG
W) 1E #E #E4T . Miyashita 2™ % B 7 — Ff DA
it 7 i 3 2R A i M R IR RE I 5. 2
VR T R A A R R AT AR R A T
I, ATCANH T 5EIE T AR 2 MR .
APV RIE T R T & TR sR T R
JEINEN D RE AT B 25 BB S IR 7 LR, 1%
B EVBEA R T 806 T7 A S A ) B G 1
ORI AR A A R A\ (Hi-Q Marine
Biotechinternational) #iff & % F|7= i FucoBalan®, 7#]

368

FZIN G354 B W Je - 8 0 3K 1 e 5 I TR 2 A i
I 2L

o LI R N,
o HHHENEDA BT o HEHREFHATG @ SOHRSANE D
- BRI + + +
Violaxanthin - B
g
S TATA
O TN T
oI ik oRaA kI e RBLR
ik - B B (e

AL
- it

Rk AR
A

Mo 8
Lo
Iz

B3 HRERFIARETEE
Fig.3 Industrial process of fucoxanthin

K 3 DU R U 1o B R 7 A i A
SR, H T BRI T RN R i TR
AFEZ AL, T BB MR A = B
I Hom BEsE 3 K 2 2 B AT UL S R T g
a, BCE VNPT B R, IFH R
BN —, DUREE. Bl ERARERANE, ERE
AN 24T MR ARIE R GERI P AL R o AR R HE A
RIETTIABE NN LA, B, w2 a3
RGO E, RIS B R G R R,
I AR T BGE 328, DERBGE T kb A4
PR A R R . B A IR R IR
MU AL T, 15 i S B 1 [R] I ORAE & 788 3
ATk =Rl HE AR RS BRI S L
R, WFFCE TR A P iR S AR I ), kS
& BEM PRI T2, DAORIIE S B30 3™ i 72
NI, s A R P AR E v, Rt H AR
PRI o S5 AL IR BEA A F O IR
. PUBSEINRERFEROETT,  DOIniE s B R AL
Mo AR 29T\ P AL BERE » 53 ANETRIR AR
R VYN ] 3 S A A 1 Th R R 2 e P R i
FERIAVE AL, DAE ) e ol 1 B e e A A 1 o
PSR A2 22 A0 i I HRE R SR - 28 Ll WA
EhnZ et i @R A, MR ARR . Z A
W A, DAR TR SR R, AN T A

BH Lk

[I] LOURENCO-LOPES C, FRAGA-CORRAL M,
JIMENEZ-LOPEZ C, et al. Biological action mechanisms

of fucoxanthin extracted from algae for application in food




K BEmEH

Modern Food Science and Technology

2024, Vol.40, No.3

(10]

[11]

[12]

[15]

and cosmetic industries [J]. Trends in Food Science &
Technology, 2021, 117: 163-181.

GONG M, BASSI A. Carotenoids from microalgae: A
review of recent developments [J]. Biotechnol Adv, 2016,
34(8): 1396-1412.

MUMTAZA M, AYAN D, BIN E T, et al. Fucoxanthin:
A promising phytochemical on diverse pharmacological
targets [J]. Frontiers in Pharmacology, 2022, 13: 929442,
G. P A, PAZ O, JAVIER E, et al. Xanthophylls from the
sea: algae as source of bioactive carotenoids [J]. Marine
Drugs, 2021, 19(4): 188.

TRSCUR, = DR, 2 A R R I AL S R
P AR R A B PRI T 3 JE (0] o [ 2540,
2015,34(3):81-95.

MATSUNO T. Aquatic animal carotenoids [J]. Fisheries
Science, 2001, 67(5): 771-783.

PANGESTUTI R, KIM S-K. Biological activities and health
benefit effects of natural pigments derived from marine
algae [J]. Journal of Functional Foods, 2011, 3(4): 255-266.
KRR, A g Vg B TE 41, 55 v ] 228 35 8 T L B AR R 1L
55 & B [J]. o [ A B 5:41%,2020,22(12):1-9.

ANNE P, GIA H H, LAURENT P, et al. Fucoxanthin from
algae to human, an extraordinary bioresource: insights
and advances in up and downstream processes [J]. Marine
Drugs, 2022, 20(4): 222.

SONG W, SHA W, GUANPIN Y, et al. A review on the
progress, challenges and prospects in commercializing
microalgal fucoxanthin [J]. Biotechnology Advances,
2021, 53: 107865.

T AR, 2 5 O, R 55 A AR I IR 1 S AR
HLHIAF 7T R (7)) PR £,2021,28(6):588-598.
ENGLERT G, BJORNLAND T, LTAAEN-JENSEN S.
1D and 2D NMR study of some allenic carotenoids of the
fucoxanthin series [J]. Magnetic Resonance in Chemistry,
1990, 28(6): 519-528.

WANG S K, LIY, WHITE W L, et al. Extracts from New
Zealand Undaria pinnatifida containing fucoxanthin as
potential functional biomaterials against cancer in vitro [J].
Journal of Functional Biomaterials, 2014, 5(2): 29-42.
ZUHAILITY, M.H. K N, SIM C W, et al. Opportunities for
the marine carotenoid value chain from the perspective of
fucoxanthin degradation [J]. Food Chemistry, 2022, 383:
132394.

M S N, EMIKO S, HAYATO M, et al. Radical scavenging
and singlet oxygen quenching activity of marine carotenoid
fucoxanthin and its metabolites [J]. Journal of Agricultural
and Food Chemistry, 2007, 55(21): 8516-8522.
NAKAZAWA Y, SASHIMA T, HOSOKAWA M, et al.

Comparative evaluation of growth inhibitory effect

[19]

(21]

(22]

(24]

[26]

(27]

(28]

(29]

of stereoisomers of fucoxanthin in human cancer cell
lines [J]. Journal of Functional Foods, 2008, 1(1): 88-97.
RGP E B R ML R R S A
WS [D].75 By b [ B2 g R 2 (b [E R 22 B i v 7
AI1),2019.

MANISH M, RIZWAN S M, KHIEM T, et al. Reactive
oxygen species in inflammation and tissue injury [J].
Antioxidants & Redox Signaling, 2014, 20(7): 1126-1167.
M SN, AAMK W, M H, et al. Radical scavenging and
singlet oxygen quenching activity of extracts from Indian
seaweeds[J]. Journal of Food Science and Technology,
2010, 47(1): 94-99.

KUMAR S R, HOSOKAWA M, MIYASHITA K.
Fucoxanthin: A marine carotenoid exerting anti-cancer
effects by affecting multiple mechanisms [J]. Marine
Drugs, 2013, 11(12): 5130-5147.

SUN X, ZHAO H, LIU Z, et al. Modulation of gut
microbiota by fucoxanthin during alleviation of obesity
in high-fat diet-fed mice [J]. J Agric Food Chem, 2020,
68(18): 5118-5128.

BEPPU F, NIWANO Y, TSUKUI T, et al. Single and repeated
oral dose toxicity study of fucoxanthin (FX), a marine
carotenoid, in mice [J]. The Journal of Toxicological Sciences,
2009, 34(5): 501-510.

RIGIE, X ZK A% PR, 55 5 5 R I NF-«B 5 5 3@ B 41
I LPS 5 3 B 40 M 58 AE S 7 T 7T [T] AR I K52
(A ZRFF2ER),2019,35(2):89-96.

AZAHARA R L, JAVIER A R, LUISA G R M, et al.
Fucoxanthin-containing cream prevents epidermal hyperplasia
and UVB-induced skin erythema in mice [J]. Marine drugs,
2018, 16(10): 378.

MIN K S, YU-JIN J, OH-NAM K, et al. A potential
commercial source of fucoxanthin extracted from the
microalga Phaeodactylum tricornutum [J]. Applied
Biochemistry and Biotechnology, 2012, 166(7): 1843-1855.
ATHANASAKOGLOU A, KAMPRANIS S C. Diatom
isoprenoids: Advances and biotechnological potential [J].
Biotechnology Advances, 2019, 37(8): 107417.

STAUBER J L, JEFFREY S W. Photosynthetic Pigments
in fifty-one species of marine diatoms1 [J]. Journal of
Phycology, 1988, 24(2): 158-172.

MARTINE B. Carotenoid biosynthesis in diatoms [J].
Photosynthesis Research, 2010, 106(1-2): 89-102.
DAMBEK M, EILERS U, BREITENBACH J, et al.
Biosynthesis of fucoxanthin and diadinoxanthin and function
of initial pathway genes in Phaeodactylum tricornutum [J].
Journal of Experimental Botany, 2012, 63(15): 5607-5612.
COESEL S, OBORNIK M, VARELA J, et al. Evolutionary

origins and functions of the carotenoid biosynthetic

369




HREEEH

Modern Food Science and Technology

2024, Vol.40, No.3

[33]

(38]

[39]

[40]

[41]

[42]

370

pathway in marine diatoms [J]. Plos One, 2008, 3(8):
€2896.

KUCZYNSKA P, JEMIOLA-RZEMINSKA M,
STRZALKA K. Photosynthetic pigments in diatoms [J].
Marine Drugs, 2015, 13(9): 5847-5881.

LOHR M, WILHELM C. Algae displaying the diadinoxanthin
cycle also possess the violaxanthin cycle [J]. Proceedings of
the National Academy of Sciences, 1999, 96(15): 8784-8789.
AFONSO N C, CATARINO M D, SILVA A M S, et al.
Brown macroalgae as valuable food ingredients [J].
Antioxidants, 2019, 8(9): 365.

PR IE 2. R AR A TR R M ) 0 a2k B L ik
7+ [D].75 & ERFE BT FU AR B G PERT 00,2014
CELI C, FINO D, SAVORANI F. Phaeodactylum
tricornutum as a source of value-added products: A review
on recent developments in cultivation and extraction
technologies [J]. Bioresource Technology Reports, 2022, 19:
101122.

MOHAMADNIA S, TAVAKOLI O, FARAMARZI M A.
Enhancing production of fucoxanthin by the optimization
of culture media of the microalga Tisochrysis lutea [J].
Aquaculture, 2021, 533: 736074.

LU X, SUN H, ZHAO W, et al. A hetero-photoautotrophic
two-stage cultivation process for production of fucoxanthin
by the marine diatom Nitzschia laevis [J]. Marine Drugs,
2018, 16(7): 219.

o FE A7, R ER o, B 5 R F UV A ART P AR G 6 10 R 1R
R R A < 8 [0] AR R R $£,2020,2:9-16.

GERIN S, DELHEZ T, CORATO A, et al. A novel
culture medium for freshwater diatoms promotes efficient
photoautotrophic batch production of biomass, fucoxanthin,
and eicosapentaenoic acid [J]. Journal of Applied Phycology,
2020, 32(3): 1581-1596.

MCCLURE D D, LUIZ A, GERBER B, et al. An
investigation into the effect of culture conditions on
fucoxanthin production using the marine microalgae
Phaeodactylum tricornutum [J]. Algal Research, 2018, 29:
41-48.

WANG Z-P, WANG P-K, MAY, et al. Laminaria japonica
hydrolysate promotes fucoxanthin accumulation in
Phaeodactylum tricornutum [J]. Bioresource Technology,
2022, 344: 126117.

YI Z, SUY, CHEREK P, et al. Combined artificial high-
silicate medium and LED illumination promote carotenoid
accumulation in the marine diatom Phaeodactylum
tricornutum [J]. Microbial Cell Factories, 2019, 18(1): 209.
GAO B, CHEN A, ZHANG W, et al. Co-production of lipids,
eicosapentaenoic acid, fucoxanthin, and chrysolaminarin

by Phaeodactylum tricornutum cultured in a flat-plate

[47]

[51]

[52]

photobioreactor under varying nitrogen conditions [J]. Journal
of Ocean University of China, 2017, 16(5): 916-924.
TRUONG T Q, PARK Y J, KOO S 'Y, et al. Mechanism
of fucoxanthin biosynthesis in Phaeodactylum tricornutum
under different light intensities via FCP complex
formation [PREPRINT]. Research Square. (2022-04-25)[2023-
05-05]. https://doi.org/10. 21203/rs.3.rs-1575663/v1.

XIA S, WANG K, WAN L, et al. Production, characterization,
and antioxidant activity of fucoxanthin from the marine
diatom Odontella aurita [J]. Marine Drugs, 2013, 11(7):
2667-2681.

GAO F, IAGO TELES, RENE H WIJFFELS, et al. Process
optimization of fucoxanthin production with Tisochrysis
lutea [J]. Bioresource Technology, 2020, 315: 123894.
KIM S M, KANG S-W, KWON O-N, et al. Fucoxanthin as a
major carotenoid in Isochrysis aff. galbana: Characterization
of extraction for commercial application [J]. Journal of the
Korean Society for Applied Biological Chemistry, 2012, 55(4):
477-483.

POPOVICH C A, FARAONI M B, SEQUEIRA A, et al.
Potential of the marine diatom Halamphora coffeaeformis to
simultaneously produce omega-3 fatty acids, chrysolaminarin
and fucoxanthin in a raceway pond [J]. Algal Research, 2020,
51:102030.

WANG S, VERMA S K, HAKEEM SAID I, et al. Changes
in the fucoxanthin production and protein profiles in
Cylindrotheca closterium in response to blue light-emitting
diode light [J]. Microbial Cell Factories, 2018, 17(1): 110.
BUTLER T O, PADMAPERUMA G, LIZZUL A M, et
al. Towards a Phaeodactylum tricornutum biorefinery in
an outdoor UK environment [J]. Bioresource Technology,
2022, 344: 126320.

WANG W, YU L-J, XU C, et al. Structural basis for
blue-green light harvesting and energy dissipation in
diatoms [J]. Science, 2019, 363(6427): eaav0365.
PEREIRA H, SA M, MAIA I, et al. Fucoxanthin
production from Tisochrysis lutea and Phaeodactylum
tricornutum at industrial scale [J]. Algal Research, 2021,
56:102322.

CONCEICAO D, LOPES R G, DERNER R B, et al. The
effect of light intensity on the production and accumulation
of pigments and fatty acids in Phaeodactylum tricornutum [J].
Journal of Applied Phycology, 2020, 32 (prepublish): 1-9.
MICHAEL D, ULRIKE E, JURGEN B, et al. Biosynthesis
of fucoxanthin and diadinoxanthin and function of initial
pathway genes in Phaeodactylum tricornutum [J]. Journal
of Experimental Botany, 2012, 63(15): 5607-5612.

Hu, Q. Environmental effects on cell composition. in handboo

k of microalgal culture: biotechnology and applied phycology




K BEmEH

Modern Food Science and Technology

2024, Vol.40, No.3

[56]

[59]

(61]

[62]

[63]

[66]

[M]. Oxford, UK: Richmond A. 2004: 83-93.

MARELLA T K, TIWARI A. Marine diatom Thalassiosira
weissflogii based biorefinery for co-production of
eicosapentaenoic acid and fucoxanthin [J]. Bioresource
Technology, 2020, 307(prepublish): 123245.
NOVIENDRI D, FITHRIANI D, HASRINI R F.
Fucoxanthin, A xanthophyll from macro-and microalgae:
extraction techniques, bioactivities and their potential
application in nutra-and cosmeceutical industries [J]. E3S
Web of Conferences, 2021, 232: 03010.

CARMEN R M, FRANCISCA S, ELENA M, et al.
Supercritical fluid extraction of fucoxanthin from the
diatom Phaeodactylum tricornutum and biogas production
through anaerobic digestion [J]. Marine Drugs, 2022,
20(2): 127.

DELBRUT A, ALBINA P, LAPIERRE T, et al. Fucoxanthin
and polyunsaturated fatty acids co-extraction by a green
process [J]. Molecules, 2018, 23(4): 874.

SILVAR PF F D, ROCHA-SANTOS T AP, DUARTE A C.
Supercritical fluid extraction of bioactive compounds [J].
Trends in Analytical Chemistry, 2016, 76: 40-51.
MASAKI H, KAZUYA M, SOO T, et al. Extraction of
fucoxanthin isomers from the edible brown seaweed Undaria
pinnatifida using supercritical CO,: Effects of extraction
conditions on isomerization and recovery of fucoxanthin [J].
Journal of Oleo Science, 2022, 71(8): 1097-1106.

Kawee-Ai A, Kuntiya A, Kim S M. Anticholinesterase
and antioxidant activities of fucoxanthin purified from the
microalga phaeodactylum tricornutum [J]. Natural Product
Communications, 2013, 8(10): 1381-1386.

ANXO C, PAZ O, PASCUAL G, et al. Benefits and
drawbacks of ultrasound-assisted extraction for the
recovery of bioactive compounds from marine algae [J].
International Journal of Environmental Research and
Public Health, 2021, 18(17): 9153.

TR AT T A, A R DT PR R LA E
PIER (3] b Tk, 2021,42(11):178-183.

ANXO C C, LUCIA C, ANTON S L, et al. Green
Extraction of fucoxanthin with promising nutraceutical
applications 1 [J]. Biology and Life Sciences Forum, 2022,
12(1): 34.

KHAWLI F A, MARTI-QUIJAL F J, PALLARES N, et
al. Ultrasound extraction mediated recovery of nutrients
and antioxidant bioactive compounds from Phaeodactylum
tricornutum Microalgae [J]. Applied Sciences, 2021,
11(4): 1701.

EOM S J, KIM Y E, KIM J-E, et al. Production of Undaria
pinnatifida sporophyll extract using pilot-scale ultrasound-

assisted extraction: Extract characteristics and antioxidant

[68]

[70]

(73]

[74]

and anti-inflammatory activities [J]. Algal Research, 2020,
51: 102039.

UK S, KTB, PO D C. Application of novel extraction
technologies for bioactives from marine algae [J]. Journal of
Agricultural and Food Chemistry, 2013, 61(20): 4667-4675.
BANIK S, BANDYOPADHYAY S, GANGULY S.
Bioeffects of microwave-a brief review [J]. Bioresource
Technology, 2003, 87(2): 155-159.

FOO S C, KHOO K S, OOI C W, et al. Meeting sustainable
development goals: alternative extraction processes for
fucoxanthin in algae [J]. Frontiers in Bioengineering and
Biotechnology, 2021, 8: 546067.

RSO iy b s R AR B T 2L S A B 9T [D].
TER 2R Ak B, 2012,

KHOO K S, OOI C W, CHEW K W, et al. Extraction
of fucoxanthin from chaetoceros calcitrans by
electropermeabilization-assisted liquid biphasic flotation
system [J]. Journal of Chromatography A, 2022, 1668:
462915.

GILBERT-LOPEZ B, BARRANCO A, HERRERO M, et
al. Development of new green processes for the recovery
of bioactives from Phaeodactylum tricornutum [J]. Food
Research International, 2016, 99(Pt 3): 1065.
LOURENCO-LOPES C, GARCIA-OLIVEIRA P,
CARPENA M, et al. Scientific approaches on extraction,
purification and stability for the commercialization of
fucoxanthin recovered from brown algae [J]. Foods, 2020,
9(8): 1113.

GONCALVES DE OLIVEIRA-JUNIOR R, GROUGNET
R, BODET P-E, et al. Updated pigment composition of
Tisochrysis lutea and purification of fucoxanthin using
centrifugal partition chromatography coupled to flash
chromatography for the chemosensitization of melanoma
cells [J]. Algal Research, 2020, 51: 102035.

BINGBING G, BO Y, XIAOYANG P, et al. Fucoxanthin
modulates cecal and fecal microbiota differently based on
diet [J]. Food & Function, 2019, 10(9): 5644-5655.
HUANG Z, XU L, ZHU X, et al. Stability and bioaccessibility
of fucoxanthin in nanoemulsions prepared from pinolenic acid-
contained structured lipid [J]. International Journal of Food
Engineering, 2017, 13(1): 20160273.

WANG C, REN J, SONG H, et al. Characterization of
whey protein-based nanocomplex to load fucoxanthin and
the mechanism of action on glial cells PC12 [J]. LWT,
2021, 151: 112208.

LI H, XU Y, SUN X, et al. Stability, bioactivity, and
bioaccessibility of fucoxanthin in zein-caseinate composite
nanoparticles fabricated at neutral pH by antisolvent
precipitation [J]. Food Hydrocolloids, 2018, 84: 379-388.

371




HREEEH

Modern Food Science and Technology

2024, Vol.40, No.3

[80]

(84]

(88]

372

CEZARE-GOMES EA, MEJIA-DA-SILVA LDC, PEREZ-
MORA LS, et al. Potential of microalgae carotenoids
for industrial application [J]. Applied Biochemistry and
Biotechnology, 2019, 188(3): 602-634.

H SRR PO B AR T SR N L
LA eI AL T2 7T [D]. 74 2 7 4L K 2,2008.
MR RS S 5 8 A R O D AR P R A Tk
N (3] 6 b 78 5 %,2012,33(10):203-206.

SAID A G, ZVY D, VITOR V, et al. Unconventional high-
value products from microalgae: A review [J]. Bioresource
Technology, 2021, 329(prepublish): 124895.

XTI PR RRME 2 DI AR 55— o v 00 2 8 9 S ¥ B 3R AR
fhil 46 T2 E, CN114560797A[P].2022-05-31.H 5
IR ALUR).

R B, R A 5. — A 5 T s A Th RE A 5 -
[€,CN115039878A [P].2022-09-13. [ 5 A1iH = AL J=).
JOHNSEN G, LYSAA P A, AAMODT K. Sunscreen
Compositions Comprising Carotenoids: USA,
US2008260662 [P]. 2008-10-23. European Patent Office.
ST RN A M E R RS A K R A S b e
&R FLAE P E L, CN112842933A[P].2021-05-28. [F ¢
FIRBUR).

MIYASHITA, KAZUO, HOSOKAWA, et al. Cancer

[89]

[90]

(93]

Inhibitor, Cancer Inhibitor-Containing Product and Process for
Producing Cancer Inhibitor: Japan, WO2007094430 [P]. 2007-
08-23. European Patent Office.

BN, T T, TR A R R AT A AR R & R
BET 55 A 6 2 - [ L,CN 114053260A [P]2022-02-
1815 5 AR BUR).

AR RS, N E A R T & TR E0h
I7 AR5 W) B BRG A 24 W B fr ot o i R o [
CN112716932A [P].2021-04-30. [ 52 &R = KU,

RN ANy TR SRR AE AT
1l 2% o AR RS PR IR WS R AL B s [
CN112121056A [P].2020-12-25.[H 2 H1iH P2 4L

MAO X, CHEN SHY, LU X, et al. High silicate
concentration facilitates fucoxanthin and eicosapentaenoic
acid (EPA) production under heterotrophic condition in the
marine diatom Nitzschia laevis [J]. Algal Research, 2020,
52: 102086.

NAKAZAWA Y, SASHIMA T, HOSOKAWA M, et al.
Comparative evaluation of growth inhibitory effect of
stereoisomers of fucoxanthin in human cancer cell lines [J].
Journal of Functional Foods, 2009, 1(1): 88-97.






