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B, Em, RE®, # %,
W, BHE, HREET

(1. TR, WA TRE S s, Wil 79 315211,
2. WL WK = R FE R, WL iR 325005)

WME: XWE PEREEN ARG EFIHANA, AABATENERKR. XEFRRELSE
Hbo ATEANTHEZEXFTEARAZ MEATRHERKRN B PO RRAMLE, LBXAL
1 BB B 1 - = F ARAT B BOR BOR AT Im R LR AR R R R R kA
NRAKER. EREF, FE-ZAFR A1, @R ARIVEA, BRI 110, &
FHE30min R EXEAT MEWRERREAM; RAEELE, I6HXAZ DERL
BB B 2 A E] LS, BRI IR A 1.57~4.96 ng/mL. 7E 3% 5 3L AR R 364 2
BHENAE Mx, 2HET ¥ Z MEERERE @HE MR eWF MR - REFAT
HR) A B-HAE MR e RERE B-AY MEL PRER. EXERPAAEKRED. HHRIE
FRERAT PR EBEMRAAMFERE (F/Fy) 2 RLRE 1450 15 6. Ko, 2%
FHRBREMAGSEZEFSTHRIEGCTMHE), Me-HAT NE. B-HF MR eHF MR
FRFER PHETA o-[RF & B R — AR B 22.7%~67.0%. FE PHREH B F
EXERMHARRLERZNRAYL MK, BRB-AT MRS, HRTHXAZ [ FW L E
HERKAMERTEEREATHES. AERA, RAY PEAHSESTEEXEKN
MEBRTGEEMKR, BA. BEFELARERZRATREFEAT NEAESK, £
S, dErr i K, TR IR 8 2R AR R IR 57 06 3R T IR AR B AL AR
BH, BIRTRAZ NEWE R AR XN BEXGHETMRREFEARRT EZH LD
Bt o

KB IR R, 2R PPRIE; EHE MR R AR AR
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RGN VI SE S, SHER JERAH
X, MWBRRSHMR SRR a P HEZ WO RE,
B HHeH g B2 )5 IR RIE IO H T
EHL R TIPSO b X RS AR
KAEPERG I 759, B S S B RE )12 (sing-
let oxygen absorption capacity, SOAC), BFFT&E R
B, &K% MR TKEE S R B 550N F
MLLZR >IN R>B- 8 D R~ R~FoK i i~
a8 N RSB > B B >>o- A Y (4%
VR D2 T R EUR B R 2R 8 N R 22 JH)
AL AL e i S Y, BRI S & b R4
FOLE W RE, BRI RL R ¥
MR A RO B AR BERY RS, PR RS
W R R B H AL R S W RED. 1t
Sh, KW N FEMENE ST, WA Y
IR CR LIS IR . AR < N TR S5 1Y ZKF-, AT
T Bl A W A 1 30 B 5 v 4R ) AR B RE
HISE AT, 2R b 30 S e 2R A R AR AR
B I P ) o

5883 (Neoporphyra haitanensis) J& 3% E 7R’
g A HEA M EN KGR —, 75
RS RY 75% DL B, BRI & 2
FBAE" Ay — A W A 203, IR 2SR A
A IB AT, BB TR (R A A
I3 (22RO 2 R I e AR A T35 R R
KB, AKTEERRFE, EASEMAEK
REBHX R E , BABRR B2, mR
AR T 9—12 AWEIEAFEX, H 10 A AR
R, MR S BEE W AR
R 28 g AP Y Y 5 IR IS I, 23
W OERR L R RoK 4y A 2 Rl R T A Y B
I XA A1 S O Y A
SECEAS, EEHAKMEE, R
TE I OLT , X Eefi 5 vl G 4% S BORAASE T,
J S 3 58S SR AR A f R R . £R T
ISR R 2RI B AP R 2 S B, X
W IR P BRI BREEE I AE I AR . 288 DR AR
NEBPDEE BRFPUAET], TTREFRN S 5
Bl G, AR BEEE AR PR SRAF T, 2K
% N RERBTAR RSN, 25 Al
BRI [ HATR TR S W b R A4
TR S5 Joih 60 e IO P A 5 /43 R, AR
5 388 3ot e e RO €35 - B i IR HI R (ultra-per-
formance liquid chromatography - mass spectrometry,

UPLC-MS) 37 2B 8 | 22 7 1 e i o B 7
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I AT YR FESR L ARARFNAS [ R Wi AR A Y 26 )
B NRAWESR, HIRATIR S PR AL
(PR BE3E N RE ST R LS B, MRS SREE F A
fE R TR AR T AR A S IF R A —E B4R AR

1 MRS

1.1 SEIR{YER

Xevo TQ-S micro A (= & AH (415 - — 8 HR HK
VOB AT SBT3 3K FH 53 B R S8 (Waters Corporation, 38
El); Cascadall #84li/K & %4 (Pall Corporation, 3%
E); GXZ-380 B REOGIEE F46 (b E T VLR X
2 77); 5430R ¥ % B O Wl (Eppendorf, 7 [ );
ME104E %3 #F K F (Mettler Toledo, 7% [); KQ-
S500DE 45 8 P v e e (B LU P AR AT BR 2
l); WONBIO-P =3 it 41 SV B A (g T3 A A=
YIF A R Fl); FreeZone ¥ Uk 1 4L (Lab-
conco, FE[H),

1.2 SEEeI 5

TEPREN . ZEALEN . BRIRE P . BRIRER M
K. BRI GIR . 2 W me =5 . R
PR 32 5 43 B 2 (0 24 4R WA 2l ) B il A BR Y
A FRNBEE. CIE. CFREEAN 2,6-— T HEXT
iy (BHT) 44 453 Hr 4k (Sigma-Aldrich, 35[); 0.22
um A WU EF R (rh [ 1 042 33 52 30 4 SR Ay
AIRAWE); A% NRIRES (P, EOKE
Ji. o-BREET. B-FREENT. o-fHE NE L B-HE B
E.yIE MR S MR, B MR W
#RE. NEAFMLAER . FMLER . AEAEKE
J. OWTEOT . T, BERAE, 4l >95%)
(Sigma-Aldrich, ),

1.3 FEmfnstiE

RS CWAR 15 R R 2021 4F 10—12
HRETFHITLRI, IR HA i R R
M, ORFEIE MR IR AR, — bR
HRW TR, 1 UCR MY b Sl PR < — K &
K7, ZJE RIHIIR SRR B FRAE — K~ FK %
o BRIEN W —K~FAKIZEFHAT, HET
—20 °C VKFIR URIRAT . FRETHIET, BUAVRIZESE,
R HMGKE TS 24 h, R ohvELBRIY, Phik
AR . SEREAI A K R TR R R R, R
80 °C BRI VKA R AF %, e Ja VR 1AL
BT A 48 ho MERIFRIL 10 mg ¥k T 15 5% m4k

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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WA 2 mL WFESAE Th, JF TR AT P T
JE 14 o

CWIAR 15 22RO B W LA TR AR Y HOR
AR E , HLARIARCE THIE T, JFEIA
YT A KRR o R BERARFRLE 12 1000 N A TS
TR 35 E SR (990 nmol/L KNO;., 54
nmol/L Na,EDTA. 57 nmol/L K,HPO,. 9 nmol/L
FeSO,-7H,0. 1 nmol/L MnSO,-H,0) {1 & 22 IR 1k
TR . KRR 25, JFRCETEIREE 20 °C,
FERESE B 20 pmol/(m*s), JEREJEIHAL : D=12 : 12
MIAAE R ISR 3 H o WURZ2ARIR, R G
JF8 T80 °C UKFE IR A . ARG R AL R
THE 48 h, T 2 mL BFEEE TP HERA PRI 10 mg R T
ZLIRAK, 8 HIE R A |
14 IREFEEPE NRIER

3 IFREL 10 mg 32 58 32 PR A4 RN 220R 44T 3
BEFELEYT, IR 1 mL & 0.1% BHT H A
VW, FRHIES) . E 4°C 4 F A 30 min, 4R
J& 12 000 r/min 20> 5 min, B EWEW . # FWE R
F 022 pm P8 G uE, R0 AR Ab BRAL 4T
3. VU ERAES RO . RS T .
1.5 BEEEEIE-ZE R RIE S

LM Al BEH Cjg i3 1 (2.1

mmx100 mm, 1.7 um) ( 1)z Syncronis C,g {7 i
# (2.1 mmx100 mm, 1.7 pm) (I1); F3hA A K-
N (129, RFLE, 10 mmol/L £ BR4%), Wish
HB: CIE-FHAEE(7:3, W), BEERRAE
¥ o 95%~50% A; 10~20 min,
50%~0% A; 20~35 min, 100% B; 35~35.1 min,
0%~95% A; 35.1~40 min, 95% A; H iR 30 °C,
Hii# 0.3 mL/min, #EEERE S ul.

& 1% &I Syncronis C g & i £ (2.1
mmx100 mm, 1.7 um); WzMHHA: K-Z0F (2 ¢ 8,
LG, 10 mmol/L ZBR%ER), Wzhtl B: ZNE-R
I (85 ¢ 15, MRRLEL); HASMERE L.

& 5 & ARV Syncronis C,g 4 i #£ (2.1
mmx100 mm, 1.7 um); a4 A: 7K (10 mmol/L
LFREE), WM B: OG- (713, L),
BB EEBEMR ALY . 0~10 min, 50%~100% B; 10~40
100% B; 40~40.1 min, 100%~50% B;
40.1~45 min, 50% B; HAFMF L.

TR & % 2% H, 3 VR I B oL s AR X
(ESI"), EAEHRIE 4.0k, HEFLHEE 30V, B
FIRTELEE 550 °C, WA A (Ny) Tt hy 1000
L/, #lf 88 WA, B AR J1 6x10° mbar,
QA R E N 9.7~149, QP REE N
8.7~14.9, HHiRHZ RN (MRM) B (3 1),

0~10 min,

min,

®1 I6MERE MEESRNEVRATEES T EE

Tab.1 Transitions monitored of the 17 carotenoids in MRM mode

& I F B U BEESF/(m/z) F B F/(m/z) Tl At & /eV

compounds precursor ion parent ion product ions collision energy
a-iH% N a-carotene M1 536.47 44433, 144.92 20
B-#A% N3 B-carotene M1 536.46 44434, 177.05 20
e-H3 NE  e-carotene M] 536.43 122.91, 388.24 20
y-HH4% N3 y-carotene M1 536.42 280.91, 146.92 20
5-HHEF ¥ §-carotene M]* 536.42 444.30, 146.93 20
(-#A3¥ NE (-carotene M1 540.48 256.21, 311.23 18
a-fR#E R a-cryptoxanthin M1 552.44 118.87, 460.31 20
B-F&# i PB-cryptoxanthin M1 552.41 118.87, 460.31 20
J\NEFEMLLZE  phytoene M]* 542.67 125.75, 199.09 25
FMLLZE  lycopene M1 536.30 280.91, 146.94 18
AT KB antherxanthin M] 584.41 49237, 209.05 20
B E  neurosporene M1 538.47 401.27, 211.06 18
BIER  neoxanthin M1 600.36 220.98, 255.01 18
M3 lutein M1 568.49 338.23, 145.01 20
FKHER  zeaxanthin M] 568.54 476.41, 175.12 20
23R violaxanthin [M+H] 601.47 220.97, 197.06 20
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L6 MERFRWASENE

R 32 SESRAN [) SRS ) R A 22 4R 5531
BT RBEFREE T &N 15 min, SRS RT3 08
JE X WATER PAM Il % 3 14 1Y f5c KOt fb 2 0%
FJF,, SREL 6K,

17 BRI

FIT A ST PSR B4 . AR IBORI 3 AT 41 e
Masslynx (Waters, 3¢ ) #4402, HedE 14 LIF
PR TR . (i SPSS (AT 11.5) # bt
TR 7 22500, 4125 5 P<0.05 Wb S 22
S, AR P<0.01 BE X ES R EE .

2 4R

21 KPP MEMBIE-FUEFHIK

16 2R N R a4 X2k, 4000
o-FR TR R T, MR EOKE T, 55K
SRR E T, a-. B-. -, O-. e-iHE NERF
%, TSRS WAE, 5 FEmE, #
FE AL, S BRI Ok P R 1 T K
PEAT S PE R E BB, TR I 20 S 30 O o) S5 44 A
HIA ST B . B C 8 Waters BEH C g A1 Thermo
Syncronis Cg PR €0 1% b X 2880 8 N FE 7 B R
sz (5 1-a, b), iR WR, K E MR
Syncronis Cig H I FIfR FABE 1338, a-. B-Fll &)
B ONE NG 1.20 25 B2 1.40, B
AR —E M, AR SR 2 B RURAT)
SR 25, UM 1.08~1.17, HK, ¥EH Syncronis
Cg HEMEEH, A sh AR, Wi 32 = i sh
FHAOKAHECAG], BEARRR VRN S B 5 H, 25
RN, oo B-Fl eSS NRMA T RIFITE,
SRR T 15 DL E, (HIE o-FR BT B-FR BT
B, SEEBUAUEE BT, MR EOK B R, X =
SRR 53 B FE 40 1240 1.27 F1 1.36, 43
BRI BIAR, H 58 (8 1-c). A
I, HE—2B KK AR LB, A 10 mmol/L
LR W KBS WAE R T s A AL AR, [ DA 36 ot g
FIEG 0 P B TN, A5 RN, o-BRE TR B-
B, S TR FOR BT . SRR B, -
B-FN e- i & N R IUA AR 3 B R E T 1.5
PLE, SEBUAEEZ SRR, WP RLAF (8] 1-d).

PR AIE-Bg A0 (IV) TR P RER
TrkgiE, 16 KIS M RAM R (R> 0.998),

https://www.china-fishery.cn

AR BR (LLOD) & 1.57~4.96 ng/mL, #&{%E
H IR (LLOQ) Jy 5.42~10.32 ng/mL, H Pk % & il
FI 6] 45 25 B 20 91 R 1.6%~6.8% Fl 3.6%~8.9%. It
Gb, I bR DR AR A H R R, K 16
PR S N R A R 87.6%~98.9%, & F
THI R 8.7%~11.8%, H1t e i% )7 i R A
W, WEERL, B N RN
il AT DL 2%, A A ATT O vk A A T M R T IR
SEORFESL SIS N R A I K
22 HKPE MNEREEEGMHK

H T iR IR SRS A N R RO
R X HEBCA T ORI L R RS SR AT AR A
6o PRASTIER  F R - A e (1 1, R
T =R B G R AR 8 N R 3 OR
FIRZM, 253 R, 35 58S bR A b A i 5] 8
FRISH S N2, Mg, KRB, a-FRds i, p-
Bamifi, ot MR, B-IIE MR HMEEKE
iRl e-tH 8 MR HEEMERIRBORRT, % b
RPEPOR AL, H AR 2025 (K 2-a). a-
W B I 7 P - G PR e YR ) A B3 2 T i 2
BORHY 1.30 %, MiHABZESA S b RAEHCR T B
Z5, L, g - A e s SR
N RWRBUAEF

PR 53R T by 5 - S e R A 500 43 31
FERERIE L 12100 1:25. 1 :40 11 : 553
FPHR I, I BT K DU AR LU A5 14 T T i 2 2%
5 (P>0.05), T E KB BIAERELL 12 55 g2
BURAR (B 2-b), o-fR & T, B-8% MK . o
#RNE, RETKEFRMN - HE RN REME
| N AN TS A = I S N = )
1: 108, K898 MRS ERE, 20l 2R
Fe1:55M1.76. 2,51, 2.76., 2.89 fil 3.01 fi5, &~
R, B-Fo i I SR U H e BRI EE o 1 2 25
By 4 T i, iK% 71.94 pg/g, RN
110 450 N 175 4%, a5 08, mERR L
1 10 ME MR SR N 3 N R PR

B 2 R P A f s A, 8 FlREA S N K AR
BORY B ETH 5 (B 2-c) Hi, o8 N B-
BocHs o, I R B AR T K B R ) RO T
", FEARAT 60 min 5 YR EUE 3R A 15 min
1) 1.20, 1.33, 1.33 Fl 2.56 1%, i E KB . o-
FREE . B-HHE MR e E N K BCRAE R
7530, 45 F1 60 min NG E 2R, BB A

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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1.04 A
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o 100 [ >
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s 8 51 0
@ '§ 108 [ F |0-85ﬂk11.15 G c\\" _cg 108 [ F 19.39\’\ 2034 G
S =
H—B 100  ,.01H ME 100 -, 157H
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Z2Z 108 [ 116977 5‘% -% 108 [ 13325 A\
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= 108 |'_ l624 P f 1742 e 108 [ 12758
1531 31.59K
108 [ o \J/ LR 108 [ 19(.)75,,“30'57 3 T
108 [ T~ L1878 J\s}lg'nz(%z N . 108 [ ) o Nz,i?_\mﬂsi—g%sl:@N
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£ B4 B 8] /min £ E5 i ] /min
retention time retention time
(a) (b)
A 10.20
100 219 A 108 [ ¥ 10.62 B
0 [Ma_289B 100 1131 C
100 531C 0 [
0 LA 100 D 12.05 3ALE
o 108 [ D7~"2\A/&19E 8 0 [ 1/ :
Q o fun}
< § 100 F 19.62 21.00G = 3 100 [ P2y 20256
S 0 [ ~f Lﬁi( = 0
2 5 100 Lo 2 100 p7on
s 0 LA ﬂ_ s 0 I 12341
& 2 100 [ 13331 j% Z 108 [ A
g 0 = 13440
h 5 100 [ anﬂ g 108 . 11995 1|l/31.)90 A
— 0 \fll.
100 15.59 K
100 29961 13048 P 3148K 0 [ % ]
108 . S 03251 378 M 100 L1634 19.82 M
il . T~ WAy oL e B3N, .
10 20 30 40 10 20 30 40
£ B B 8] /min {5 B5 5} ] /min
retention time retention time
(© (d)

1 16 #EPL MNENEZFBETFRE

(a) U 26 1F T, (b) Il ZRAF T, (o) BUIESRAFIIL, (d) FRib 26 AR IV, AL BRI, B3R, C. A EKIR,

D. H#f, E EXK#EF, F.

a-FEEAT, G B-FRBENT, HONEB/ILR, LEAY MR, 1L EMLEK, K BMLHR, LMY MK, M o-#1% bR, NB-HZ h3KR, O

S-W% ME, Py-BI¥ MEK.

Fig.1 Selective ionization chromograms of 16 carotenoids

(a) chromatographic condition I, (b) chromatographic condition II, (¢) chromatographic condition III, (d) chromatographic condition V. A. neox-

anthin, B. violaxanthin, C. antherxanthin, D. lutein, E. zeaxanthin, F. a-cryptoxanthin, G. B-cryptoxanthin, H. phytoene, I. {-carotene, J. neurosporene, K.

lycopene, L. e-carotene, M. a-carotene, N. B-carotene, O. 3-carotene, P. y-carotene.

15 min i 1.27. 1.21, 112 F1 1.38 4%, Mk, k&
PR P ET[] 30 min £E 5 S04 N PRI
Fo 28 PR, E SRR, Bk
B- U HBE (10 1, IR R ER IO, WOk
Felg 1 : 10, MR EFE] 30 min /F 35 2858280 8
NEUE S S

23 IRERPHRERTLSENE
I RIGAC R FJF IR 53 e 52K

R E K7 2: 2 E /) sponsored by China Society of Fisheries

R OBUE 2 B 5 5 OR ] B A K BERN &R SR
[ (RS20, 7R R 3R 0~24 h N F/F,, H 5 Tt
B, MAEE IR 1~7 d W FJF,, AR E .
— KB TR MARIEZ W FJF, TR FH 2SS, H
THATE 0.68(81 3)o 1M HLH I BRAA TN 22 PR A4 14 B K
FAL SRR SR, F/F, BHARIK 0.68 [ 222
ARIK 0.45, BIHRIRR) Fy/F,, 2208 1.53 4%,
& B 58 SO A AR A 22 8] B P A B RO B 850R
HAEHEZS,
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W i acetone
[ZAHE  methanol
CO - & b

methanol-dichiloromethane

140 |
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5 60}
AT
20 |
0

5 6 7 8

KE hER

carotenoids

w120 ¢
25 100
g 80|
T 60 f
40 t
20

(@)

180 -
160 |
140 |

HE/(ug/g)
content

‘““““‘l‘l

LT 1010
7KK 1:25

solid-liquid ratio
solid-liquid ratio

160 Il 1:40  solid-liquid ratio
140 EZBRfLE 1255 solid-liquid ratio
120

100
80
60
40
20

5 6 7 8

1 2 3 4
KR M&
carotenoids
(b)

Il |5 min

7430 min

345 min

160 min

ETE N
carotenoids

(©)

2 AREBEHTHIEEEDARPE [ ESE
(2) JEHUAF, (b) BHRLL, (o) AR, 1. F K3, 2. o-PR3kfR, 3.B-Badefi, 4.8-M1% MK, 5. M3, 6. 0-M% MK, 7. MEALK
W, 8. e MR, F—FLE WA AR R 7R %R 2 7 53 (P<0.05).

Fig.2 The contents of carotenoids in NN. haitanensis under different extraction conditions

(a) extraction solvents, (b) solid-to-liquid ratio, (c) ultrasonic time. 1. zeaxanthin, 2. a-cryptoxanthin, 3. B-cryptoxanthin, 4. B-cryptoxanthin, 5. lutein, 6.

a-caroten, 7. antherxanthin, 8. e-carotene. Different superscripted letters above the bars in the same compound mean significant differences (P<0.05).

0.70 = —— ‘ﬁ

0.65 -== 2Rk conchocelis
- o~ —/KIHR{K  first harvested thallus
f’; 0.60 F —4— " JKMIR{A  second harvested thallus
2[:‘3' SE 055 [ —v = JKM{RA&  third harvested thallus
% W - JU/KIHR4A  fouth harvested thallus
X 050} — TLKHARYE  fifth harvested thallus
S

0.45 /= = = =

0.40 : :

1 3 5 7
I} [E)/d
time

B3 ANEEKMENIZEEREARUFNE
F,/F, it Hhsk

Fig.3 Photochemical efficiency (F,/F,,) curves of

N. haitanensis in different growth stage

https://www.china-fishery.cn

2.4 IRESRLRERAHRIEFERE MRS

S5 B SEPIRI AR ZZPRARF AR rh AG I 3
g 8 AW MR, Hrp ol NER . W1 # b
R o-FRE AN ETUR T o- 8 N RS R,
1M B-51% MR BB BB BOK B IR K
HE T B DR A MR (8 4). 1EZARIE
—SHARIE (—K-T0K) AR, B2
MRS R BT PR S (8] 5-1). Hirf,
—IKIARAR A i BT S Z A & R 2R AR
La A, MR T =K B, AR 22K
KK, feJE A PUK AN TR B Be P AR 5 AGE , A0
ZEIRIRH) 75%

X 8RR bR A& R TR S A K
it B [ B9 22 R 5 (181 5). e 22 AR IR B BL
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o-H% NigfE

eE MR

d-carotene

g-carotene

3% lutein
B4 IREXRPEENLEPE MR

RO FRELEIRE R P R .

oty .
FnZl & lycopene

a-carotene patV

Nﬁﬂ?ﬁ MR B-carotene pathway

j B-iH% h#&  B-carotene

1257851 antherxanthin

Fig. 4 The types of carotenoids in N. haitanensis

The light color words indicated undetected carotenoids in N. haitanensis.

X B-Fe s BT Y 7 i 3 v T RAA, R oKk
Wy 3.7 /5, A EKERA S &5 — KR IE
T FES, (BT ZK-PUK R i o
wNE B MR e MR FOREE, 0
BT - B B BT 1 2 A AN — K AR Y 35.2%,
57.7%. 26.4%. 22.7%. 29.0% F1 67.0%. 1EM IR
BB, FORTET ., PR TR OKR BT A o o S
FHIFE R AE AL a3 B RWBOH AT IE K, X 3 Fh2E
HAEE N RIS AR DK R AR AR, R —
IKH 47.6%. 17.6% Fl 41.8%, i 1E FL K 7HE
B —K Y 69.5%. 34.3% Fl 69.2%, B-THE
RAIEARR WO - RAR rh AR5/, AUHE K
WA TR BR T VUKIRIE, o-BH3 DR &
ARG RS R R b, FE UK R R R AR, X
H—IKI 54.2% BEERICHIIER:, 518 F &,
o- B B TR B B I ) & B R, ALK
RPN —IKE 16.7% . 23.7% F129.7%.

3 i

PRI DR A R G TR Rl A
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Fig. 5 Contents of carotenoids in different growth stage of N. haitanensis

(a) a-carotene, (b) B-carotene, (c) e-carotene, (d) zeaxanthin, (e) zeaxanthin epoxide, (f) flavanthin, (g) a-cryptoxanthin, (h) B-cryptoxanthin, (i) Total

carotenoids. 1. conchocelis, 2. the first harvest stage of thallus, 3. the second harvest stage of thallus, 4. the third harvest stage of thallus, 5. the fourth har-

vest stage of thallus, 6. the fifth harvest stage of thallus. Different superscripted letters mean significant differences (P<0.05).
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Differences of carotenoid composition in thallus and conchocelis of
Neoporphyra haitanensis

PAN Haibin ', TANG Xinyi', CHEN Haimin', YANG Rui,
ZHANG Peng®, LUO Qijun', CHEN Juanjuan "

(1. Key Laboratory of Marine Biotechnology of Zhejiang Province, Ningbo University, Ningbo 315211, China;
2. Zhejiang Mariculture Research Institute, Wenzhou 325005, China)

Abstract: Carotenoids, essential photosynthetic pigments and antioxidants, regulate plant growth, development
and environmental adaptation. This study aimed to elucidate the carotenoid responses in Neoporphyra haitanensis
at different growth stages by analyzing carotenoid compositions in conchocelis and thallus across various genera-
tions and harvest stages using ultra-liquid chromatography-triple quadrupole mass spectrometry. Optimal extrac-
tion conditions were determined as methanol-dichloromethane (1 : 1, V/F) as the solvent, a solid-to-liquid ratio
1 10, and a 30 min ultrasonic time. Liquid chromatography parameters were optimized to achieve a resolution of
1.5 for 16 carotenoids, with a detection limit of 1.57-4.96 ng/mL. Eight carotenoids were detected in two genera-
tions of N. haitanensis, associated with the a-carotene synthesis pathway (a-carotene, e-carotene, a-cryptoxanthin
and lutein) and the -carotene synthesis pathway (B-carotene, B-cryptoxanthin, zeaxanthin and antherxanthin). The
total carotenoid content and the photochemical efficiency (F,/F,,) in the thallus were 1.4- and 1.5-fold higher,
respectively, than in the conchocelis. Notably, B-cryptoxanthin content in conchocelis, which has a stable growth
state and low antioxidant requirements, was 3.7 times higher than thallus, while the contents of a-carotene, B-
carotene, g-carotene, zeaxanthin, lutein and a-cryptoxanthin were 22.7%-67.0% of those in the thallus. Zeaxanthin
and lutein were the predominant carotenoids in the thallus. Except for $-carotene, the contents of the other seven
carotenoids decreased with the extension of the harvest period. The study indicates that carotenoid content is
closely related to the growth stage and survival environment of N. haitanensis. Rapid carotenoid synthesis in the
early thallus period is likely a response to strong light and high temperature stresses, facilitating stress defense
and growth. Conversely, a decreased synthesis rate in conchocelis and the late thallus period suggests a reduced
antioxidant requirement. These findings provide valuable experimental data for further development of cultivars

and seaweed farming practices.
Key words: Neoporphyra haitanensis; conchocelis; thallus; carotenoids; liquid chromatography-mass spectrometry
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