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XOEM oA R REA? e
?//} % 1,2 ’é?[@ 7. 1,2

(1. P EDKF=RHABE G o S2ghs WAL G A2 IR A SR HE AR E Wt £E25 066100;
2. PEUKERIEZERE R Bl A s s WAk RS 066100)

e 7 %2 (Paralichthys olivaceus)B- R A K | K HEE B, WML E. &RMEF S K EKE
HEERE, REENEAMAAZF A, BT TR RAERNNEL NAEE T RIE T &
PR, WM. ERERT, REEREERAALE A RS ERAT R, EXRLETT
KAEEMEEK EEENTERBRR A —FWIWHRRAER . B — KX FE LTI
FlAh KW EHRA AR, B ARLE T4 &k LA, Fok, AFFRLR 450 &
HEMEAERBE G Ty aEh Rt L, KE S H LED L 53, 25 b b0 625~
630 nm)., # K (L 570~575 nm). T HK(L450~455 nm), £k K (A 525~530 nm) A & 4 K (A 380~780 nm,
X A), KiREH A18.0£1.0) C, SLEEH A 121 1 12D, HEIKE H(250420) mW/m?, #F
RSMFARALB TRy EK, BIE. WERERKANYW, 6ENTORYyE T hrELE
HBERGEESIE, FRET, EALAPELAT YN M EF ST AKFLES TH ML
(P<0.05), LG4 % 814 & 4 KR 4 &% 1K 4 (10.68+0.61) ng/mL, & (KT H M 4(P<0.05), T
BB 4B E A (1 487.44+54.42) pg/mL, 3% & T HAMA(P<0.05); HEL4TE 4 & KM F &
B5 5 4(20.74+1.52) ng/mL, B E & THMA(P<0.05), AT FrpBElE Eg Ta
S At B AL (P<0.05); LG £ 40 & 00 B A 4 K B 3E P B IR T X BE 41(P<0.05); 2Tt 4T &
GafGaERBEE D ERTEMAP<0.05), XA THF A mE CAT EHEERTEMA
(P<0.05), ATHE CAT &M B (KT 4 B 4 (P<0.05); & SCinlF 474 & fTfif SOD E M £ 71 8%
(P>0.05), £G4 &7 4 f T iE SOD £ o 48 xt k 3k & B F (8T & L 4(P<0.05), 125 H 4%
FBIF; TIHU TG & fFIE CAT £ F At Rk B K, HEBFRTHMA(P<0.05), & 4T
Br4 o FTHE CAT EE WA Rk ERE, HEEF® THMAP<0.05), X4, FLAFxEAT
4t CAT REWHN KL EZRARE., 2RELYW, EAMEEATRANTE S &4 KEAH
BRHAEA, ELAT, THYEFELTHBERES, WEMEAFAENE N HREG., ZAXER
HRETF B ENT ARAREREEMRE, XL NI F Y e e@RraLlaETNE

el K 7 B 2R S B O G2 25 PR RHIE B T SE AR AL 45 9% & T BT 42 (20222X03) . [ FILAR AR ML ol 4 AR A R
(CARS-47)Ff b FEmN A PR BB TAF E Sl 38 U5 P45 %5 52 5 WO 52 56 25 (NAES054F S08) 3 [ 9 B
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hESEKE S9653 XHEEERIDAD A

G ETE K A I AR K IR O R 52,
AN TR TR B2 K OGO 55 A7 7E 25 5 (Liu et al, 2024;
Yang et al, 2020). #X1, ANEDEGOIHEESXKA LY
AR . ARRAAE R L RN S A — R
58 B AR HE 2500 (Villamizar er al, 2009), W58 &I,
W R 5 T A 0F B 2R 6 (Melanogrammus  aeglefinus)
1 4 K (Downing et al, 2001), {H X} ¥ 4 i (Perca
flavescens) . W8 (Oncorhynchus mykiss)F1 [ 2% BU4E .
(Amphiprion frenatus)) 4= KM VE H (Head et al,
2000; Karakatsouli et al, 2007; ZhART%E, 2017), 2106
FIF R PG b 9 A R (LB = 55, 2015), {HXT 25 B AL f
(Verasper moseri)f £ &I VE FH(Yamanome et al,
2009), Liu ZFQ02HWF5 A B, [Fl—NigEX AR A H
W B 1 10,288 77 A (5% ) A AN ], 2188 2R 5 B ) £
MEf BT B, WOBIE i A K R H (3148, 2020), {H
TELLEE IR T i 4y By B, SR T AR R (KP4,
2021), Pk, S A 28 B 52 e 22 30 B B A )
22 5Pk

F ¥ (Paralichthys olivaceus)IE 38 W1 )12
PRI AEY), UHAE BB P BB N FE . &
YA DU R AR Bt i AR R R O R A PR o
F 5 W E SR IE DL S R py i > v, B —Fh R
AT A TR K 3 SR 5 H AR R (B SR AR,
2005; 7] K4, 2019). A 20 4 50 4, T EIF
W T AN T EEMRMIET S, 2011), FF7E 20 i
g 80 AFEACMI I TN T AL 1 B (FIMIER,
1985), H 1992 4Fi2, F6FAYFRIAHART 2] 1B #E%
KT, SRR R T A SR . it IE SR A T ik
FRAH A Z oo b FRpa R FRAE T AR,
HARZ AR B vy SR rT R 5, 9z .
TEMAECT , F758 42 0 2 R N TG 7 LA 7 97
B o AH L B DOEKT B B IO T, LED AT AMUA
AR . Al . AR, SRR SCR S
i, BB AR TR SRR HE R AR LTS ROERR, E T Mk
FRoH P AR B P (Yeh ez al, 2014; 4, 2019). H
I & T ARG (a0 A 8 A K 52w i iF 5% 2 22 S e
FHE B BE(Benedict ez al, 2019), 1 %t %)y fh1 [ BE ) B
GER W HE

AR RIEHE . 2006, #O6 . #OtMmatik
T AT A Bt TR S g, A AT A [ADG AR HAE

T e K BE; BE; AR
XEHS  2095-9869(2025)05-0139-10

K. BUEACES . THALREAIE T, AR N B G R
KA DA BT SR SE TR 35 B2 M, DAY A SR A Al
o RGP AR IR AE o AR v UEA T O 6T 4 008 RO 8 1Y) ik
PEPRERL 2= AR , Ry 2 B R B 7 b p S f B ke A
LIS TS L 48

1 MB5RFEE
1.1 SEIedfal

AW i S 5 % 52 0% v K B2 w5 B
JvaE T O SEE s, o 2021 4F 4 AEE R 220 BB
FEEL 0, ST EE 450 BT K . AR5 57 54~
WRIEATIESE , HOE R 5 M (309.66+32.73) g, #Ilh
4K N (28.67+2.66) cm.,

1.2 EFH*

2021 4F 11 A 19 HZE 2022 4 2 A 16 H7EJLH
TS T RESEES, I 90 d, SEE0 AR 416 (M 625~
630 nm). #EIG(A 570~575 nm). # (A 450~ 455 nm) .
(A 525~530 nm) 4 ML @ AL, DL 4ok
(L 380~780 nm)AE AT HEAL, SZgh 4l 5 XF R h
LED JEii, @i rrte i e 1, &b g s 3 4>
B, AARGES AR E TR, DR
UESE 6 25 B Al vy

FEAFEAEKFECE 1 2359188 40 W Y LED J%
VR, ZOGIR I EAE KA IE By, LARRAR G I BE B3 1A
SN FRIE X I, TR ARG K R BEE N 0.8 m, K#E
T F14) 268 S5 TR B8 Bl 422 TR E (250+20) mW/m? FUE T PN o
R T ARSI SR ) — B, FRAE KA R R IR 2
J5, fHEFH PR EE 3 (SW-6023) 7 1E 7K 55 181 1) 48 5 B8 2
AR FE—5, ABFRCRAIT 12 h G, 12 h AR
G2 L 2 12 D), B H 06:00 FFAT, 18:00 AT,
i LT RE AT Al . SEE SR AE 1t RAETE @
BURDK A, RO A R 0 30 B, TERRA SN
HAME], 4 H T 08:00 Fl 14:00 $5% ML A HLIEC & 1 k45
1k, HEEMEE N ERER 2%, B0 Y]E 4 K Hok
1R, K AFRIEKARR) 90%, BRWI5 2 IR, 1E
P 1] PR FF KR H 2 (18.0£1.0) °C

13 HmRERLE
SUREEHRIE , TR EIFE 24 h JERAEREA . K



S5 X1

A 5 MO O A EP4 R A R R R 5 141

B Lt Energy ratio/%
N OW A W
S 3 3 3

10 -

0
380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780

P Wavelength/nm

1

A

Fig.1 Full spectrum spectral characterization

FEREHLERL 3 FBfn, FbHg It o B, SIRTEFHE
SE(2009) BRI F 15, e AT KBCHIEE R 60 mg/L 1Y
MS-222 % 20 L, ASAHITRA, JEWREfER
LA MS-222 BRI, AR BT A i 2545 1k
FRDT B AT A A R R AT SR Il A 2 2R

A, A S mL A8 E R KRR S, 2
5mL/JE, REMIMEE T K . THiEERH 5 mL EP
&b, 4 CYKFR#RE 2 h, 4 °C . 3 500 r/min Z5.0> 10 min,
B, ARIR VKA (80 OYRAE R, T /Eim
T AR N DGR o U 8140y e i |
B miE L, BT WA R G R 280 CUkAEHIRAT,
AT IR S 2N h A AR AR RN SRR 3k 2 2347 o

1.4 HKIEFRENE

M A SEgh ) h . a5 R IR S5RK IR e, H
FTHEFE R (WGR) . FFE A KR (SGR)FIAETE R (SR)AY
&, WEAKXWT .

WGR (%)=[(W W)/ Wy]<100 (1)
SGR (%/d)=(InWInW,)/dx 100 )
SR (%)=[(N,—N1)/N,]*100 (3)

X, Wo AR SEL B IRIREE, W o o L)) i S0
RIE, d RIRREL, Ny AT N, 3550 o S i A S 5
Ja A E R

15 HAEREEXMENE

&)y 0/ 1035 e IE A HT AL E D 48 bR L EE
e A8 A0 ) I AL T (SOD) Al A8 AL A i (CAT), F 4]
0 T 38 AR 7 48 bR B 4 UE B I (AMS) R 4F 4
FE(CL), baRfebrsdyfl R e, 4215
I E R B R % B e #E e , SOD Sk
BRI e, CAT RAVEHMREEIE, AMS KA

VERY H R E , CL SRAAMEIEEE e @ikl e, 1k
6 BE A HT 58 A8 AT UL 43 606 FE TH(UHS300) I & .

L) 1A K3 (GH) AR o e i fa A
K42 ELISA il 7] & A B2 il (Cortisol) ELISA
I 70 A T 5

1.6 EREFREME

BUF BELh 0 BFEZHZY 20 mg, JITA 300 pL Z4f#
W RL FI 3 L 9 B-#iJE S WE,  FH A s s b ATk
HAWETES . RNA 272 RNA prep Pure
Tissue Kit YeIA AT 1 %35 iR FiC FhL A PR
A RNA Jihe, 20Ot TH(Pultton P1OO+H) &
RNA E/‘J OD260 nm& ODZSO nm {E’ *E*E OD260 nm/ODZSO nm
() ELAELHT T A RNA 4l . kil 546 J5 1Y RNA, $#%
M4 TaKaRa PrimerScript™ RT-PCR &7 & S 5% 55 3015
cDNA it .

X 1 SOD (EF681883) . CAT (GQ229479) fil
B-actin (HQ386788)FL K 5| ¥ )7 511 2 7% Kim 55(2016)
G LGER 1) RIS 90 5E 7 PCR X (qPCR)XT
YRR SOD . CAT FEHF IR itk f79¢
S AT, LI MR & 2xSG Green qPCR Mix
BRI AT o 1] SN AR R AR I AT B s g T
(# 10 uL): 5 uL 2xSG Green qPCR Mix, 0.5 pL IE[f]
51#1(10 pmol/L), 0.5 uL A5 [4(10 pmol/L), 1 pL A5
# ¢cDNA, 3 pL ddH,O ¥4+ it il VR 21, #1 1] Bio-Rad
CFX Connect PCR {47 Jii. PCR F&J¥: 95 ‘CHil
g 3 min; 95 CAFME: 10s, 60 ‘CiEk 20s, 72 ‘CZE
i 10 s, JCHEFT 40 DNIEIR, SCHEE d X fife i 28
HAT 0T, BTl PCR i B, AEWREsh R 3 A
17, 4 RNA BERBEAH 3 ANER
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K1 SOD. CAT % B-actin 5|15 51(Kim et al, 2016)

Tab. 1 Primer sequences of SOD, CAT and f-actin gene
L (B8 5) Sy
Gepes Primer sequences

(Accession No.)

SOD F: CGTTGGAGACCTGGGGAATGTG
(EF681883)  R: ATCGTCAGCCTTCTCGTGGATC
CAT F: CCAAACTACTATCCCAACAGC
(GQ229479) R: CCACATCTGGAGACACCTT
p-actin F: GGACCTGTATGCCAACACTG
(HQ386788) R: TGATCTCCTTCTGCATCCTG

1.7 #HEsIE

qPCR 2 Mr il S 4 SRR, SR 272 i
T B L R A 3k 1 (Livak et al, 2001). R
SPSS 20.0 St Bk Xk £ s 17 B R &R 7 22 o br

(one-way ANOVA), Duncan j%7Ef7AH 0] £ & L 54,
P<0.05 WA REG #2548 AT Y ERE
2&(Mean+SD)#&K7~, FHHH] Excel 23l Bl

2 HERE5H5H

21 ARXBMNIFHHEERLTFHHMW

TRt EAR G T E 90 d, 44 F 64t
HE R B E G, HERKRATHREREZR
(P<0.05) (% 2), #ICALh MG Ry, M(4536+
23.44)%, LIGLH A TR AL, N (25.83£7.21)%.
AN TR e Ak B 20 ) o ) 38 EE R AR AR KOR B E E
oMEE . sk, o, 06k, 20k, Bt
4 F B4 0 i 1G BRI R AR K AR T A
(P<0.05). FESLEdfErh, Frf SCsdd Ml JiseT,

R2 AEBEXNFEHYEEKEEHZME

Tab.2 The effects of different light colors on growth performance of juvenile P. olivaceus

S WIRKE SR E WRIAK SRR MEE BEEKE mE%
Color light Wolg Wl/g Lo/cm L/cm WGR/% SGR/% SR/%
463 Full spectrum 315.19+69.43  411.12+128.95 25.88+1.46  30.31+1.98 28.17+12.67%  0.27+0.11°®  100+0.00
215% Red 312.64+51.31 395.87+80.28  25.36+2.15 29.46£2.61 25.83+7.21° 0.25+0.07*  100+0.00
# ¥ Yellow 303.17£71.53  409.67£95.68  25.66+1.81 29.49+227 34.90+9.51° 0.33+0.08°  100+0.00
Wit Blue 304.35+£37.75 450.36+121.44 25.26+1.86 30.36+2.14 45.36+23.44°  0.40+£0.19° 100+0.00
£kt Green 315.00+£63.44 456.29+103.10 25.74+1.69 30.41+£2.84 44.19+10.83°  0.40+£0.10°  100+0.00

TE: RSN ARAT AN ) - RE 2 7s 21 A AT 8 35 P 22 53 (P<0.05) , b A1 A ] =7 B B T 7 B TG Wk 351 22 53 (P>0.05) . T [l
Note: Data with different letters in the same column are significantly different in the groups (P<0.05), and data with the
same letter or without letter are no significant differences (P>0.05). The same below.

22 AEABNFHFHBERKBEIRERESEN

A

M 3 a0, DRl A opah At KIE & m i
%, M(10.68+0.61) ng/mL, i F%F HAth#& 4H (P<
0.05), i J¢ Jo s 1% 2 e i, M (1 487.44+54.42) pg/mL,
I T AR A 4 (P<0.05) ;. #EGA A WA 0 A4 K
ZaRRE, M(20.74+1.52) ng/mL, 3 T A
(P<0.05); H A KR &5 &
£ & (P>0.05),

2.3 AEBtEXFEEL) &N EEE TR R

MR 4 PR, LG 64 S e # BT 1
B, H(0.58+0.01) U/mg prot, 5 £L)G4H Fxt BE 20 4775
i PE2E 5 (P<0.05); £1 641 A B4 fa 11 15 21 4k K il
TR, H(3.36+0.05) U/mg prot, S KT X B4
(P<0.05); L YGLH A 6 &)y £61 Ji7y 38 27 4k 25 Wl 0.5 1k e M1
9 (4.38+£1.19) U/mg prot , W # & T H fih & 4

(P<0.05) . 4% B 410 I & B3 W 05 M 22 2 AR B 3
(P>0.05) (A E L A6 21 1A g 3 493 il o I
4ﬂ];gﬂo
24 ARG EIFEELhfEmnFMAFFRELEE R
A
5 AL, WG4 F B4 i SOD Ik ik
B, N(113.0946.54) U/mL, 3 5 T #OG4H (P<0.05);

® 3 ARAXEBNTEHEERRMHEXHZSENZIT
Tab.3 The effects of different light colors on growth and
stress-related hormone content of juvenile P. olivaceus

et LN B
Color light GH/(ng/mL) Cortisol/(pg/mL)
463 Full spectrum  18.460.43° 1 132.79+82.05°
215% Red 10.68+0.61° 1 487.44+54.42°
Ot Yellow 18.21+0.54° 1 084.79+16.63°
#%5% Blue 20.74+1.52° 1 103.59+46.40°

245 Green 17.66+0.35° 1 125.43+38.08"
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CIYCH T BE L fr il 3 CAT 3G MERIFAE CAT 35 M35 i
i, 4391°4(2.01£0.82) U/mL . (3.15+0.70) U/mg prot,
ML CAT 6Pk i 2 I8 T Ho At 45 2 (P<0.05), 1fif JHF ik
CAT i P i IC T X R4 (P<0.05) 5 4% S50 21 F 6 &)y
i IE SOD ¥ M 25 5 A8 i 2 (P>0.05)

25 ARteMIFEHEHRIEUERNTN

I 2 FIE 3 Arfs, Zbdl F eE4h fa ik SoD
FE R A O ik i e I, HL I SR T #0641(P<0.05),
85 HAH 22 7 A B 22 (P>0.05); 2164 F B4 1 fiT
WE CAT FERAEXS Rk AL, H B 10T A
(P<0.05), B A BEL o iFAE CAT F K (A X 2k
e, HBEETHAMLAP<0.05), XFHBEH. %t
G F WLt CAT LR BIFART F2A R L T A
3 (P>0.05),

3 itig
3.1 AEEXFEELE KR

O €8 20 BRIV A 00 1) 2 el R A A R S R HE AR
KRBT M S, FE A KRR R RN A
AACRBL I SCBEFR AR, S BFFE R A 1 B L e S
BE(EE RS, 2024), UMEMHR BR, &K
(Dicentrarchus labrax){E£136 T ¢ B0 H 0 & (1 R 5N
IR LI RCR (L R %, 2019), T4k, W, AT,
KV FEEE (Salmo  salar) B 1 B R 5 & (Migaud et al,
2007), ARWFFEH, W FERGLL I B L) 3G R
HVREE A AR B2 i T HAlL A, SRSt A )

TG A AERK ., X—LKEERYE Yamanome %
(2009)%F S5 B 5L 8 (B ARAL , RO RE AL i 45 5 A2 f
e 5 S (14 0 14111 185 Rl O 1 81 )50 PS P85 @ oW =
A MR, 6B 7K B 38 i PR 2k, i ag
Gyt B A TR, BE R SR 2GS 7 TR K
I B T A A R O e K S R 3
AT, Bl KRN S SRR R L LA SO0
(BEHRANEE, 2021), S 6FFI 45 B0 AL 0 1 8 Tl £ 3
1 SAFAE W ALE (0 2R A0 Ry 33 1 A 1% TP e el 2 x)
AT R 3 77 A S TR) A Al e 1 O 22 145, 2023), IR
TR B Y £ 2 T AR i 2 e S D K TS LY, R
LU (He et al, 2010), 335 il S 6F 57 18 1 15 24
WL, AR E R AR KR

32 AESEXFErLh 4 KRR R RERN M

ARAERBMBEAARAER S BRENR. 2
HEA B 2SR U AE A 8 R A
(AR, 2023) ARWFFERIL, WL A 6F4h A4
KRS/ EF S T, 5O T 6r4) f i i
H AR E AL R W T LD R R R B AR —
2. Ruchin (202 )AFFE A B, ' M i 4 A KR
473 WA A 0 I A, TR HEN) i D' AN A B T 28
gl i A KR B9 0, SRt AR BRI Z A1,
GBI A T AL R 55 v ) ' A 4 A B 5 ) SR R A
FT, BET A A 2 S R AL SRR IR PR R, AR
KI5 A KR B W DT DG (Gooley et al,
2011), ASBIFFE b £ 26 A MR 5 A 2 A 5 A R
FOE T ANSRAN T i — LRI

x4 FENEIFEL EELEFENRM/(U/mg prot)
Tab.4 The effects of different light colors on digestive enzyme activity of juvenile P. olivaceus/(U/mg prot)

S5, Color light B VN AMS B4 £ CL Jir E A Bl AMS WA £t 4t R il CL
21 Full spectrum 0.46+0.06* 4.36+0.24° 0.76+0.07 7.23£0.70°
£19% Red 0.48+0.03% 3.36+0.05° 0.74+0.10 4.38+1.19°
# Yellow 0.55+0.06" 4.25+0.51% 0.79+0.12 7.44+0.74°
¥ Blue 0.51+0.05%° 3.63+£0.51%° 0.67+0.14 6.47+£1.03°
45 Green 0.58+0.01° 3.67+0.83% 0.65+0.13 6.34+0.38°

®5 AREtEXLEEMFMFRETELENNEm

Tab.5 The effects of different light colors on antioxidant ability of serum and liver in experimental fish

Lt Il V7 68 A A B L T Il ¥ 2: A A A JHF I 8 S A 15 A T J i ask 45 Ak S il
Color light Serum SOD /(U/mL) Serum CAT /(U/mL) Liver SOD /(U/mg prot) Liver CAT /(U/mg prot)
43 Full spectrum 105.60+5.42% 4.71%0.40° 383.40+54.23 7.62+0.49°
21 5% Red 105.34+1.13% 2.01+0.82° 322.08+30.05 3.15+0.70°
#Ol Yellow 96.61+7.34° 3.84+1.53° 330.76+15.78 5.1142.65%
#Ot Blue 113.09+6.54° 4.24+1.12° 339.31+45.32 5.89+1.45%
4% Green 103.89+10.15% 3.88+1.21° 364.90+36.20 5.52+2.81%
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B2 AFEDGEX A 674 SOD F FIAH X 35 5 1Y 52
Fig.2 The effects of different light colors on the relative
expression level of SOD gene in juvenile P. olivaceus
ANl RE 2 R IR 351 22 53 (P<0.05), AR - RE#
PRI R EMEXE S (P>0.05), T,

Different letters indicate significant different between groups

(P<0.05), and the same letters indicate no significant
differences (P>0.05). The same below.

301

251
201
b
L5 b
b

1.0

C
05+ i
0 L b 1 L L

S S

A 2 Color light

CATHIN kB
Relative expression level of CAT

K3 AFEDGEXS 674 CAT FE FAE XT3k i 1) 5% )
Fig.3 The effects of different light colors on the relative
expression level of CAT gene in juvenile P. olivaceus

FERHCIRAS TR, B2 B S 5 FH A PR 48 A5 (Wu
et al, 2017), 0P R G2 R AN A AR fL
B2 ERRE A/, BEJS B AT T B - k-
' IF) 200 B 2R 00 43 Mg SR EE DA T A B0 4 0 o e 2%
- FH(Cook et al, 2011; Sampaio et al, 2016), A 5T
KB, IS R T A o] e R v BE R SR PR AR R K
(TRZESE, 2019), AP EI, 206 T 64 fall
B RS R E T HAbY, 5 Wang Z5(2013)F5¢
K Bt A A O BE R BE 2 2 Al R A B
(Epinephelus coioides)y=": N, T8O PY B s

TR TR AR — 2 HEDN OF B4y £ R LD BT
KA T R ORI [R] ) 107 38 BOH AL A=
idi.

33 AR EXFELL) SN EEENR

1 28 T PR T TG 1 2 T e £ 2 X6 3R ) o AR
FHARG B0 0 B 28 AR, TH ARG S PRS2 AR KR . A0
IEE R R AE RS, TG (045 A5 PR 38 2 5 e 7K
A A g A T 2T T T S e GV kI %) 3 M (D AR ST,
2022), St S RE SRR LT ZGEE,
BT AL T R T AL ), DAORIE RE B 04 T R
(A 33 B4, 2020), 2t B (0 = S MR B A T AR
e A NEE B E S S, EAES 1 R
BT TA R E TR (Shan et al, 2008), AT
FEGER IR, GO G4l 0 8 ek B 0905 P 2
TXTHRLL, T RE S BT U8 A B M T v o T £ 2 i
VEBY, T UE R 0 W SR R T AR AR A (RN R AR
2014), FEEGOCU T bP4h R AC, T3 & 3L
HERRE A KR, X 5P (2016)F5% & B 4%
Jehe s 5 SR (Plectropomus  leopardus) % fa i
TR P4t SR — 20 W RIS 4H oF BF i v b il o £
1%, AR T Ak T8 T v B il e A )R N A
SEMIR(EZ M, 2002), £F 4 K 5 22 241 4
NG B GIRAE LA, 2017), AT EkEE R S F
S5k, TR R D IR TE AR R 40, PRI A TE )
LmIBuATIE A =TH 128 SNTORIER RSN SR A Fics: L W i
K (Suzer et al, 2008; MRIEJE, 2022), 4164 7 6T
iyt R i 38 21 4 2R S v R T X R, R4
JCA 0 B A AR WS AR, AR TR AL,
775 B AR R AR AR

34 AREtexFEsERENENHRm

AL Z PP BN RS, f SOD 1 CAT 4 alidit
AL R G, Sk AR A XS BLAA P A 0 A A
(Reyes-Becerril et al, 2008), CAT 1 SOD A LUIAT &t
THERE A A, AU, SRR PR sE )
(Li e al, 2022) . MR NG PEEMERUR T T ST A ALREY
THERAES), RN 2 3 B SR8 2 X0 P AL B A0 T
PP AIHIVER, 1 LA 5 (Bussell et al, 2008),
Li S QQ014) A58 & B, < A8 e 10 2532 i) A1 Sk By
(Megalobrama amblycephala)i A= #ARZES , 6] HA4a
PEUIRE . ARETE I, LLOGEH 5F BF 4 £ i3 A Y
CAT M AR T HAA , 32 Bt 5 n] RE R A 2 56
JA31 90 d, S PR S, KA R Z0E IR G 2 i
TSR LEPE N, AT AL RE 108, R NTETER



%53 X1

A 5 MO O A EP4 R A R R R 5 145

YRV I T YA AL B TEBREE ), Rt R T Ik
Hh, LIGHIFNEY SOD F1 CAT #:H Fik B IL TH
452, AIGER Ik ot B R 20 2 4 £ A 2 A Bt
AL BT A2 P s D) RE RS, 5 B0 A U0 X 4
ORG24 fh b S AL S MRS SOD
CAT R ik B A%, 5946 80U B L0 62 vh 2 6 4 f
WURSZR B, EOGH cAT HFERBHEES TH
2L, F 0K RSt ] ) B R B X 21 B4 £ 7= A T 4R
N, AR SRR, RXTALA = A B, KRR
fafRg R Ak, BFIEH CAT FEH A S S5 HIN
it G 1 1 AR A R B A7 A 25 5, 9 0 R A 3 PR o R i
BCEE Y 5 R 32 2 ol 45 B &R 2 el (Liang et al,
2020; FHARLE, 2023), UGB M SLILEE R IE
SRR, AT R 5 A 1A P il 1 28 750 SR AR A1 4

X, BAREREA FFRARS

4 £k

i b, ARDGEX IFEE) a0 A AL RIS
EHRA AR BN o FEDOEMEROCRIT T, T 64
R EF R R PR RE , FErP DR A 8P4 £ A K
RO, AR REERAL TR K-, i F 840 i e 21
JEIRAE T AR PR AR HL B Rl e, KA
AT RO o B2, S&TANIRI R] B (4 x F 6F 4)y
A RO TR A R, D) i A BL AT A oy 72
O TR, i E DO R @ I B4 ) S
FINE R RE R, S B8 & F B 4 1 24 FE PR B 4 1t
loe 2

2 £ X WM

BENEDICT N R, KIM Y, KIM J. Effects of different light
wavelengths on the growth of olive flounder (Paralichthys
olivaceus). Journal of Life Science, 2019, 29(3): 311-317

BUSSELL J A, GIDMAN E A, CAUSTON D R, et al. Changes
in the immune response and metabolic fingerprint of the
mussel, Mytilus edulis (Linnaeus) in response to lowered
salinity and physical stress. Journal of Experimental
Marine Biology and Ecology, 2008, 358(1): 78-85

CHEN S T. Research on the application of cellulase in
aquaculture. Feed Research, 2022, 45(6): 135-138 [FR/E
. £F 4 R W AE K 77 3550 b i R ESE . GRRHIEOE
2022, 45(6): 135-138]

CHEN W Q. Effects of five light colors on growth
characteristics and physiological and biochemical

functions of juvenile Plectropomus leopardus. Master’s

Thesis of Shanghai Ocean University, 2016 [[RBiTE. 5 Fh

O X 5 S SRR G5 A £ A AR AE S A PR A AL D RE RO R

Wi, R SR WF AR LR 5, 2016]

COOK K V, MCCONNACHIE S H, GILMOUR K M, et al.
Fitness and behavioral correlates of pre-stress and
stress-induced plasma cortisol titers in pink salmon
(Oncorhynchus gorbuscha) upon arrival at spawning
grounds. Hormones and Behavior, 2011, 60(5): 489—497

CUI X. Growth, development, and survival of European sea
bass (Dicentrarchus labrax) larvae cultured under
different light spectra and intensities. Master’s Thesis of
Dalian Ocean University, 2019 [#2%. 1% A5 X Bk
W E W B (Dicentrarchus labrax)$h K | FHIGMAE
HISEIA . R R AR AR A A8 3, 2019]

CUIZ Q, LIUJ L, XIA Q, et al. Effects of different light colors
on the growth and physiology of Pseudosciaena crocea.
Journal of Jiangsu Ocean University (Natural Science
Edition), 2021, 30(1): 1-6 [{E¥RFL, MI{EF, HH, .
AN TR) G 8% B A 2 R S A BRI S0 VL5 T K
ZEM (A RBIERR), 2021, 30(1): 1-6]

DING S Q, CHEN F, MA H, et al. Changes in physiological
responses of Paramisgurnus dabryanus suffering from
aerial exposure and ammonia loading stress. Freshwater
Fisheries, 2019, 49(6): 15-19 [T #l4t, B, Sk, %.
NS TR X I e 8K 1l S e B | LR S
. KK, 2019, 49(6): 15-19]

DOWNING G, LITVAK M K. The effect of light intensity and
spectrum on the incidence of first feeding by larval
haddock. Journal of Fish Biology, 2001, 59(6): 1566—1578

FENG C J, ZHANG Y, ZHANG Y Q, et al. Effects of acute
temperature stress on serum biochemical indexes,
digestive enzymes, antioxidant enzymes and gene
expression of Thymallus arcticus grubei. Freshwater
Fisheries, 2023, 53(6): 37-45 [, KA, TKACR,
.0 R e T RO VT 0V AR AR bR . T AR
ity . P01 SR R R GRS . IR K Lk,
2023, 53(6): 37-45]

GOOLEY J J, CHAMBERLAIN K, SMITH K A, et al.
Exposure to room light before bedtime suppresses
melatonin onset and shortens melatonin duration in
humans. The Journal of Clinical Endocrinology and
Metabolism, 2011, 96(3): E463—E472

HAN J, WANG M L, CAO S N, et al. Effects of light color,
light intensity and photoperiod on growth and feeding of
juvenile turbot (Scophthalmus maximus). Journal of
Dalian Ocean University, 2023, 38(5): 787-794 [#h#, T
SRR, ERES, . OLE OGBREERDEE I KEE L)
o KRR RN, KRR R 4244, 2023, 38(5):
787-794]

HE P G. Fish vision and its role in fish -capture.
Wiley-Blackwell, 2010, 25-44

HEAD A B, MALISON J A. Effects of lighting spectrum and
disturbance level on the growth and stress responses of
yellow perch Perca flavescens. Journal of the World
Aquaculture Society, 2000, 31(1): 73-80

KARAKATSOULI N, PAPOUTSOGLOU S E, PIZZONIA G,
et al. Effects of light spectrum on growth and
physiological status of gilthead seabream Sparus aurata
and rainbow trout Oncorhynchus mykiss reared under



146 ook B

¥ B 546 4

recirculating system conditions. Aquacultural Engineering,
2007, 36(3): 302-309

KIM B S, JUNG S J, CHOI Y J, et al. Effects of different light
wavelengths from LEDs on oxidative stress and apoptosis
in olive flounder (Paralichthys olivaceus) at high water
temperatures. Fish & Shellfish Immunology, 2016, 55:
460468

LEI J L. Marine fish culture theory and techniques. Beijing:
China Agriculture Press, 2005 [T 557k, /K 25 0H P
WHHR, Jtat: hER M, 2005]

LIQS,LIU YL, LIS X, et al. Impact of nitrite exposure on
oxidative stress and antioxidative-related genes responses
in the gills of Procambarus clarkii. Fish & Shellfish
Immunology, 2022, 131: 624-630

LI X F, TIAN H Y, ZHANG D D, et al. Feeding frequency
affects stress, innate immunity and disease resistance of
juvenile blunt snout bream Megalobrama amblycephala.
Fish & Shellfish Immunology, 2014, 38(1): 80-87

LIYL, FUYY, ZHANG H, et al. Dietary yeast hydrolysate on
growth, digestion, antioxidation and immunity of red
swamp  crayfish  (Procambarus  clarkii). Acta
Hydrobiologica Sinica, 2024, 48(3): 393404 [Z= % g, 1}
B, BRIE, A5, BEREKRPIN B QSRR AR KM RE |
THAL . TR REERE IR, KR A4, 2024,
48(3): 393-404]

LIANG X M, WANG F, LI K B, et al. Effects of norfloxacin
nicotinate on the early life stage of zebrafish (Danio
rerio): Developmental toxicity, oxidative stress and
immunotoxicity. Fish & Shellfish Immunology, 2020, 96:
262-269

LIU ST, CAIH W, LIU Y, et al. Effects of LED spectra on the
growth and physiological mechanism of juvenile Sebastes
schlegelii. Part I: Growth, feeding and digestion and
metabolism. Aquaculture, 2024, 580: 740295

LIUS T, LIY H, LI X, et al. Effects of LED spectra on growth,
feeding, and digestive enzyme activities of juvenile
Takifugu rubripes. Journal of Fishery Sciences of China,
2021, 28(8): 10111019 [XINA¥E, ZEMR0G, 228, % A
[l LED SEREXLLEEATr i gyt 4 | B KM AL
PR, E K ERRE, 2021, 28(8): 1011-1019]

LIU S, JIANG H Y, QIN F, et al. Effects of different
illumination on the growth, digestion, and nonspecific
immune-related enzyme activities of Exopalaemon
carinicauda. Marine Sciences, 2022, 46(4): 114-122 [#]
A, TLIAYL, ZiE, A5 ARRDEEE R AIFE K E
AR 5 Pk S 22 AR OC BTG ) A2 . IR, 2022,
46(4): 114-122]

LIVAK K J, SCHMITTGEN T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
2728 Method. Methods, 2001, 25(4): 402408

LU H B, LIU Y, SHEN X F, et al. Effects of light spectrum on
intestinal microbial composition of juvenile tiger puffer
Takifugu rubripes. Fisheries Science, 2023, 42(2):
241249 [T, XE, DT, . LIk X LLEE Ry
fifs 4y 81 g 3 AR WU R E M. KR, 2023, 42(2):
241-249]

MA B H, SUN Z B, MA A J, et al. Effect of light color on
growth and body color in tomato clownfish Amphiprion
frenatus juvenile. Oceanologia et Limnologia Sinica,
2017, 48(1): 148154 [ThARB, FhiEE, DEZE, % I
B G 2 WUl (Amphiprion frenatus) 4 a4 4l
WESEIR. TG 5WITE, 2017, 48(1): 148-154]

MIGAUD H, COWAN M, TAYLOR I, et al. The effect of
spectral composition and light intensity on melatonin,
stress and retinal damage in post-smolt Atlantic salmon,
Salmo salar. Aquaculture, 2007, 270(1/2/3/4): 390-404

QIU D G, XU S H, LIU Y, et al. Effects of different types of
environment light on the growth performance and feeding
of Atlantic salmon (Sa/mo salar) in recirculating
aquaculture systems. Journal of Fishery Sciences of
China, 2015, 22(1): 68-78 [Hi%w, @ihse, X, %,
JCERIE R 7 XE R K SR A 22 48 vh R PG PR RIS
. P KRR, 2015, 22(1): 68-78)

REN J L, WEI P P, FEI F, et al. Effects of LED spectrum on
feeding, growth and energy distribution of juvenile
Dicentrarchus labrax. Journal of Fisheries of China, 2019,
43(8): 1821-1829 [{E#lle, #MV-F, #%JL, 5. LED J&
X R B R A KORRE R IR RE . K
#z, 2019, 43(8): 1821-1829]

REN M C, JIA W J, GE X P, et al. Effects of dietary starch
levels on growth performance, digestive enzyme activities
and muscle composition of adult blunt snout bream
(Megalobrama amblycephala). Journal of Fisheries of
China, 2014, 38(9): 1494-1502 [{FM#, B53cHp, X%
-, G ARDREAN [R)UE R KT 0k AT Sk B A AR MR RE L T
PO P SLIA B2 B2 MR . K72 274k, 2014, 38(9):
1494-1502]

REYES-BECERRIL M, TOVAR-RAMIREZ D, ASCENCIO-
VALLE F, et al. Effects yeast
Debaryomyces hansenii on the immune and antioxidant

of dietary live
system in juvenile leopard grouper Mycteroperca rosacea
exposed to stress. Aquaculture, 2008, 280(1/2/3/4): 39—-44

RUCHIN A B. Effect of illumination on fish and amphibian:
Development, growth, physiological and biochemical
processes. Reviews in Aquaculture, 2021, 13(1): 567-600

SAMPAIO F D F, FREIRE C A. An overview of stress
physiology of fish transport: Changes in water quality as a
function of transport duration. Fish and Fisheries, 2016,
17(4): 1055-1072

SHAN X J, XIAO Z Z, HUANG W, et al. Effects of
photoperiod on growth, mortality and digestive enzymes
in miiuy croaker larvae and juveniles. Aquaculture, 2008,
281(1/2/3/4): 70-76

SHI J G, FENG Y W, JIANG X, et al. Effects of different algae
and polyculture ratio of sea cucumber Apostichopus
Jjaponicus and sea urchin Hemicentrotus pulcherrimus on
growth, body composition and digestive enzyme activities
in sea cucumber and sea urchin. Journal of Dalian Ocean
University, 2020, 35(4): 509-515 [Bf 5, DM, 3%
4, 5. A 5IRSE OIS 5 B384 K
PRI RV ARG TG P RS2 . RZE R R 25440, 2020,
35(4): 509-515]



%53 X1

A 5 MO O A EP4 R A R R R 5 147

SI F, WANG Q L, YU Q H, et al. Use of strontium chloride in
otolith marking of Japanese flounder. Progress in Fishery
Sciences, 2019, 40(4): 65-72 [Hl &, EHHk, T,
S LT MR Y 8 B L B AR el B R
2019, 40(4): 65-72]

SUN P J. Large-scale artificial cultivation of Paralichthys
olivaceus fry was successful in the Institute of
Oceanography, China Academy of Sciences. Marine
Sciences, 1985, 9(3): 64-2 [AM. i ERFEBEIEAT
FE I 2F 6 B RO TG . AR, 1985,
9(3): 64-2]

SUZER C, COBAN D, KAMACI H O, et al. Lactobacillus spp.
bacteria as probiotics in gilthead sea bream (Sparus
aurata, L.) larvae: Effects on growth performance and
digestive  enzyme Aquaculture, 2008,
280(1/2/3/4): 140-145

VILLAMIZAR N, GARCIA-ALCAZAR A, SANCHEZ-
VAZQUEZ F J. Effect of light spectrum and photoperiod
on the growth, development and survival of European sea
bass (Dicentrarchus labrax) larvae. Aquaculture, 2009,
292(1/2): 80-86

WANG H T, ZHANG P J. Activities of digestive enzyme in
different tissues of Paralichthys olivaceus. Oceanologia et
Limnologia Sinica, 2002, 33(5): 472-476 [T-Z<H, ks
BB N T AL ST PE RO B ST T 51, 2002,
33(5): 472-476]

WANG T, CHENG Y Z, LIU Z P, et al. Effects of light
intensity on growth, immune response, plasma Cortisol

activities.

and fatty acid composition of juvenile Epinephelus coioides
reared in artificial seawater. Aquaculture, 2013, 414: 135-139

WANG X H, ZHANG Y W, YANG C Z. Anaesthetic effect of
MS-222 on flounder Paralichthys olivaceus. Progress in
Fishery Sciences, 2009, 30(3): 1-6 [E 51, skMEE, #
AR, MS-222 X SF SFRRBEAICR. Wl Rl ik, 2009,
30(3): 1-6]

WEI P P, LI X, ZHANG J P, et al. Effects of LED spectra on

morphological characters and gene expression of growth
in Takifugu rubripes larvae. Progress in Fishery Sciences,
2020, 41(1): 162168 [TV, &7, #EM, %. LED
DTG X 2L R D S A7 A £ 8 25 PR B A AR Sk TR 3R
IR, Ol R, 2020, 41(1): 162-168]

WU H Y, OHNUKI H, OTA S, et al. New approach for
monitoring fish stress: A novel enzyme-functionalized
label-free immunosensor system for detecting cortisol
levels in fish. Biosensors and Bioelectronics, 2017, 93:
57-64

YAMANOME T, MIZUSAWA K, HASEGAWA E 1, et al.
Green light stimulates somatic growth in the barfin
flounder Verasper moseri. Journal of Experimental
Zoology Part A: Ecological Genetics and Physiology,
2009, 311A(2): 73-79

YANG M F, CHEN Z L, HU F Y, et al. Light spectra regulated
foraging and feeding behaviors shed light on stock
enhancement of the sea urchin Strongylocentrotus
intermedius. Aquaculture Reports, 2020, 18: 100480

YANG Z Y, XU Z, LENG C H. Crossing the whirlpool of
transformation: A study on flounder farming economy and
its transformation in China. Beijing: China Agriculture
Press, 2011 [#71E5, #RiE, WAEEE, . 2RIk
e E SEERR IR 22 U RIS e st AR
At A, 2011]

YEH N, YEH P, SHIH N, ef al. Applications of light-emitting
diodes in researches conducted in aquatic environment.
Renewable and Sustainable Energy Reviews, 2014, 32:
611-618

ZHANG Z Y, FAN Z, L1 ] H, et al. Effects of dietary duckweed
levels on growth performance, digestive ability, and
antioxidant ability in koi carp Cyprinus carpio. Journal of
Dalian Ocean University, 2017, 32(4): 416-421 [5G,
W, RN, SR TRHE KO A B A AR
RE . THALRES ) R s AL RE I szl O R 22
2, 2017, 32(4): 416-421]

Chi D)

Growth, Biochemical Responses, and Gene Expression of Juvenile
Paralichthys olivaceus to Five Light Colors

LIU Xia'?, SI Fei'?", SUN Zhaohui'?, REN Jiangong"? XU Yan'?, XUE Xiangping'?

(1. Beidaihe Central Experiment Station, Chinese Academy of Fishery Sciences, Hebei Key Laboratory of the Bohai Sea Fish
Germplasm Resources Conservation and Utilization, Qinhuangdao 066100, China;
2. Bohai Sea Fishery Research Center, Chinese Academy of Fishery Sciences, Qinhuangdao 066100, China)

Abstract

@ Corresponding author: SI Fei, Email: sif@bces.ac.cn

Paralichthys olivaceus is an economically important target species in marine aquaculture
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because of its large size, rapid growth rate, excellent meat quality, rich nutritional value, and
short-distance migratory habits. Industrial farming models have been widely used owing to their high
degree of intensification and environmental controllability. Artificial lighting is commonly used in factory
farming to meet the farming requirements. Compared to the traditional artificial lighting of straight-tube
fluorescent lamps or compact fluorescent lamps, LED lamps have the advantages of energy saving and
environmental protection, long service life, low heat generation, and high photoelectric conversion
efficiency. Additionally, LEDs can accurately regulate the spectrum and intensity of light according to
demand, which has been rapidly promoted in factory farming. Different light-colored environments have a
certain degree of inhibitory or promotional effects on the growth, physiological and biochemical
processes, and stress responses of aquatic organisms. The study aimed to provide theoretical support for
the selection of light colors for juvenile P. olivaceus in factory farming. In this study, a total of 450
individuals with good body condition and uniform body size were selected, with a mean body mass of
(309.66+32.73) g and an initial total length of (28.67£2.66) cm. Five LED spectral parameters were set,
which were red (A 625-630 nm), yellow (A 570-575 nm), blue (A 450455 nm), and green (A 525-530 nm),
and full spectrum (A 380-780 nm) as the control group. Water temperature was controlled at
(18.0+1.0 °C), photoperiod was 12L:12D. The light intensity was set at (250+20) mW/m®. The effects of
five different light colors on the growth, enzyme activity, hormone levels, and gene expression of juvenile
P olivaceus were studied. The enzyme activities included two antioxidant enzymes, SOD and CAT, and
two digestive enzymes, amylase and fibrillase; whereas, the hormones included growth hormone and
cortisol, and the genes were mainly SOD and CAT. The results showed that the weight gain and specific
growth rates of juvenile P. olivaceus in the blue and green light groups were significantly higher than
those in the other groups (P < 0.05). The growth hormone content of juvenile P. o/ivaceus in the blue light
group was the highest at (20.74+1.52) ng/mL, which was significantly higher than that of other groups
(P<0.05). The growth hormone content of juvenile P. olivaceus in the red light group was the lowest at
(10.6840.61) ng/mL, which was significantly lower than that of other groups (P<0.05), while the cortisol
content was the highest at (1 487.44+54.42) pg/mL, which was significantly higher than that of other
groups (P<0.05). The gastric amylase activity of juvenile P. olivaceus in the green light group was
significantly higher than those in the red light and control groups (P<0.05). The gastric cellulase activity
of juvenile P. olivaceus in the red light group was significantly lower than that in the control group
(P<0.05). The intestinal cellulase activity of juvenile P. olivaceus in the red light group was significantly
lower than that in the other groups (P<0.05). CAT activity in the serum of juvenile P. olivaceus in the red
light group was significantly lower than that in the other groups (P<0.05), and liver CAT activity was
significantly lower than that of the control group (P<0.05). The differences in the liver SOD activity of
juvenile P. olivaceus in each light-colored group were not significant (P>0.05). The relative expression of
liver SOD gene of juvenile P. olivaceus in the red light group was significantly lower than that in the
yellow light group (P<0.05), but the difference with other groups was not significant; the relative
expression of CAT genes in the liver of juvenile P. olivaceus in the red light group was the lowest and
significantly lower than that in the other groups (P<0.05), the relative expression of liver CAT gene of
juvenile P. olivaceus in the yellow light group was the highest, and significantly higher than that in the
other groups (P<0.05), and the relative expression of CAT gene of juvenile P. olivaceus in the blue light
group, green light group and control group was not significant different. These results show that blue and
green light cultures significantly affected the growth of juvenile P. olivaceus, whereas red light
continuously stressed juvenile P. olivaceus weakening their antioxidant and digestive capacities.
Furthermore, these results provide a theoretical basis for improving the indoor factory aquaculture
efficacy of juvenile P, olivaceus and promoting green healthy factory aquaculture of juvenile P. olivaceus.
Key words Paralichthys olivaceus; Light color; Growth; Enzyme activity; Hormone; Gene



