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AR MERASK X F Ef&
EENEENTEER

IAA F A ox B HEE FER FRW
(L P TERFSRE RSB P T 5300045 2. ABRERRMARAT A M 511400)

WE AR GERTEEA BTG AT 8 28 B AE X % 4F # (Oreochromis niloticus) &y & K %
. FFEEfEE . REIEARUR AR EM N E . S UK E X (7.6240.29) g th F dE &
HH RS L, WEICEA[(2.040.1) mg/L, A 41701 % % 4[(5.0£0.1) mg/L, B 43R, H o5
1R S A RERT KT (1~5 41: 1.57%. 4.41%. 7.61%. 10.51%F 13.01%) 6948k, 43 MEL, F*
H60d, FRE T, MAMIKTFAE, A4L B4 M0WHEF(WGR)., #E £ K F(SGR)A 1 £
R(FE)E & LB TR #4%, 254E A2 4, B3 Ak E & AME; F—EHAFT, B4 WGR fr
SGR B & T A 41, BWAAMIEH AT LR B EHY AL FLANAHECAT), SHAL
8 7 (T-AOC)fn 7§ —EE(MDA) 4 £, A 41 CAT # T-AOC 1T B 41, MDA 4 &5 T B 4; H
Al Al CAT THEET THM A 4., BAMEHAKTH R LA L ER W CEREHK)., 7
B B (PK) . H it = BR(TG)F AT fBR(HL) & &, A 41+ HK, PK fr HL 3 2 %X+ B 41, {2 TG &
BT B YA 4 RERE G M(IgM). T4t F-y(IFN-y) I 8 % 78 B 7 a(TNF-0)., & 478/ % (IL-1B)
GEHLERTBA, XX ATOTm, AR KTHE, BAMFEL LIRS 0E
%, A2 AT AEMIER, A3 4. A4 4 B5 28 KBt 58 200 . 20 A VA fRL A 75 By
AE. Z LR, ERFARECEN, WREIHATH 441%4AF WA AR TE#EZ & B REFT
BAERWEM Y, MAEEETET, BRI AT 161% AN EARAFTREZEENEK,
KA A, KA, BHAT; REMER; Hatk; "EkHEx

FESES S963.71  XEFRIEE A XEHS  2095-9869(2025)03-0053-13

% £t (Oreochromis niloticus) B A4 A= Kb . £k ] e % RE T AR A BR K 3R B B O 1) kR (R T 4
. JCNLE R AP MR S 3R 3, R & 28 2024; BIREE, 2021), MiBkEE SRR B EEA LI
W BIERMA AN, EAESNERME.  EPAEIETH—% N R GRS, 2022; Burt
1976 4F, BRI A EARARHZUFAO) I HIa A etal, 2013), PRI, 7 i T FR 00 A8 fh I SE0IR 24
25 EE T FRIE A (Y S, 20225 RS, 2020), Vi SR KA S R LR I IS B 0 SR
HAT, 3 E P e A p 3R R S KB R B W WK ATE . K EE . e e fhe i
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HA T (Abdel-Tawwab et al, 2015; Yuan et al,
2023; E4EBA, 2020). RIKREE(2024) 0158 K& 91,
TEARAEMNE T, fRHUR S A A L O N, AT
T A SR AR, R LR R B AR R
WG BRIGEE A R, fa2E Y A S PR
PR E MG . % i fi (Pelteobagrus fulvidraco) .
Fi 05 1 BT 4 (Epinephelus fuscoguttatus) . K 25
(Scophthalmus maximus)id iz $2 =5 AT I 477 Ak Bl 6 7
K % i ML A DRI S 3 5 35019 Ak 7 89 95 (Wang
etal, 2021; Bells ©&5, 2022; 25 K@4%E, 2023), fafk
GPERLAE 5K RV S & i B UIAE G, IR S il e iz
HLAE, (i3S E 50T (Cao et al, 2024), T 4EH
45(2021)38 3 % ¥ 1 (Rachycentron canadum) 4/ £ i1
WFFE AR, I T ] 3 4 2 B3R AP 322 R 0 B 788 44 i
T, SRR T TR, [ 2 S 1 RS e AL
AR . 22 B E AR, &5 RN IERE
SRR (R . AMA . TR MA 4N R
SEEPEAR L, B, AT AR G R I R L A
XF A FEIAEE B B AR RE ) (EHEFR AR, 2020)

bt R KL, 2] LUE i — R 5 A4 B
B A R X I A PR B (R IR R AEE, 2024) A 5T &3,
A S MR N BT DLk K AL B ok £ ELRE ROk
U5, TR A i AR N S A B 2 IR 5 DRk
KACG W B wE AT R A B T 2k SR AR R K T
SENA, ARDRE A 3 0 B D AT R A A T A0 2 A
AR GRS, 2023; Lietal, 2018). HEikiE,
18 E Y B 7 K VA Bl T 22 fig # 44 (Ctenopharyngodon
idella) R I B 4805 | E 475 (An et al, 2022), ERIHE
(0205 K B, FEMRE SR TS IRITAKF-, "L
SR AR AL (Cyprinus carpio) Wi, I el Ak K AR
ZEAFIF(2018)F Li 4(2018)WFFE L3, K IHAE 2 4
2T 2 BN o AN AU AE , FR ik R 0
FINE A R TR AAF, (HEARBRSARIE v AR B BH . A
I, ARG A R S AR MK 28 EAE X P R
AR FREBUSAIRBE ) . RBER bR LS 24
FsEm, S % A Ao A e S AR — e i S B AR

1 #RERE®
1.1 SEIgER

AR GIMAE MBI, % 0%. 3%. 6%. 9%F
12% Lb s fin 280 B aly skt b, ARDREAR D5 K53 51
1.57%. 4.4%. 7.61%. 10.51%F1 13.01%, Z Rtk
Bl i) E T 28 B B BFE A SR A A LR 1

1.2 ELH&ERILHHER

T = % JE#4(GIFT, Oreochromis niloticus)ff i {1
JTVEAK PR AR B R SRR S AR A B R T
(1.4 mx1.2 mx1.0 myH 2 i, DUERN SRS, F85E
PRI HR(28.241.3)°C, H¥4A i 4(5.0£0.1)mg/L,
pH h 7.2+0.1,

ST T EARA[(2.0£0.1) mg/L, A H]. EFIHER
[(5.0+0.1) mg/L, B 41] 2 FhEREE AN S FhHEHT K F(1.57% .
4.41%, 7.61%. 10.51%. 13.01%)A9% K}, SEAL 2x5
7528, HI AL, A2, A3, A4, A5 Fl Bl. B2,
B3, B4, Bs 1041, B 3 1MEE, BIEEHK
e 40 B TECH: AP IR R R (7.62+0.29) g P HE
i, FEH TSR (1.4 mx1.2 mx1.0 m)H . S2E6 I ]
B R FEUAA P 2 Y(09:00 F1 17:30), HEMEFTHREL
Gk, M1 h S B R T R EE AR, AR
T R ARDRIA R ACIE, 5 24 H R B0 5%
2 SR 1R W5 2 AR RRKIR R (28.241.3) C,
pH & 7.2+0.1, FEFEJEI R 60 d. S48 R FH I RS
BRAF ae IR S H L SR PR A, Hiks%
Li 45(2020) 7 ¥ .

1.3 LIEHEARRE

SYRLEH, AR E 24 hE, WEA A4 R
HUI 6 B fa, F 200 mg/L MS-222 4T REM/E, Johr e
SLE A AT, R AR AR IEE P,
B0 B o BASEATAL I 6 R S5 fi i H AR K
R RENEH L, H 0.85% E M E Kk, &
TEHET, T-80 CUKAEE HARAER I

1.4 =K

TSI A KRR FUE R A8 AR AT

14 B K (weight gain rate, WGR, %)=(WeW,)/
W,x100;

F5E 4 K K (specific growth rate, SGR, %/d)=(InW—
InW,)/tx100;

JFA LY (hepatosomatic index, HSI, %)=W,/Wx100;

JEAAR FY (viscerosomatic index, VSI, %)=W,/Wx100;

TRPBIRCF (feed efficiency, FE, %)=(WeW)/Wx100;

TG K (survival rate, SR, %)=Ny/N;x100;
K, W AZRIEHE (2), W, AHIIRIAE (2), t 41
FERE(d), W AR (g), Wy WAL T
WEEE (), W, R HE S 0 N IE (), WA RE Al fL iR i (g),
N A LR REL, NCoAPIiR R
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F 1 KIGEAHE S
Tab.1 Experiment feed proportion (%)

SRR A I8 i 7K Lipid levels
Ingredient 1.57% 4.41% 7.61% 10.51% 13.01%
K=l Soybean oil 0 3 6 9 12
£ 4 Fish meal 8 8 8 8 8
¥ Soybean meal 35 35 35 35 35
A Rapeseed meal 22 22 22 22 22
M #k Peanut bran 10 10 10 10 10
FE KVEK Corn starch 10 10 10 10 10
WML 4EZE Microcrystalline cellulose 12 9 6 3 0
B ILLAYEE Carboxymethyl cellulose 0.40 0.40 0.40 0.40 0.40
R &4 Calcium phosphate 0.80 0.80 0.80 0.80 0.80
Bk NaCl 0.50 0.50 0.50 0.50 0.50
H44EEF Vitamins premix 0.50 0.50 0.50 0.50 0.50
TCHLERT B Mineral premix 0.50 0.50 0.50 0.50 0.50
77 Antiseptic 0.10 0.10 0.10 0.10 0.10
P44k Antioxidant 0.10 0.10 0.10 0.10 0.10
SZALJEE Choline chloride 0.05 0.05 0.05 0.05 0.05
Z &M Compound enzyme 0.05 0.05 0.05 0.05 0.05
A1t Total 100 100 100 100 100
FEEFF NS> Main nutrients
M Crude protein 35.01 35.24 35.47 35.13 35.52
HIJEAG Crude fat 1.57 4.41 7.61 10.51 13.01
K5 Ash 11.37 9.33 7.67 433 2.67
7K 43 Moisture 7.79 7.12 7.17 7.12 7.18
M Total energy/(MJ/kg) 18.21 19.97 20.66 22.58 24.47

15 H{IEtR

AR i 480 4L S B (catalase, CAT). S ALAE
(total antioxidant capacity, T-AOC) . H i = [
(triacylglycerols, TG) /N [ (malondialdehyde, MDA)
A W 5% 94 i (aspartate aminotransferase, AST)5 ¥R
YR R A A ) T AR TS I AR R FE A il &, H
HEUE I 5 170 %E o I N5 (hepaticlipase, HL) . R
=Rl (adenosine triphosphatase, ATPase). &M
R 1) K 4 % R £5 /K % -9 (cysteinyl aspartate
specific proteinase, Caspase-9) . 4l fifl (4 & % 1k i}
(cytochrome ¢ oxidase, CCO). #R L FH-90 (heat
shock protein 90, HSP-90) . T4 M iR i# fif§ (pyruvate
kinase, PK)PA M C\# if (hexokinase, HK)¥J i VT
I BB S0 A R w130 G A 7 R

1.6 EERR

FFIE e zE 38 dr . SeEBRE I M (immunoglobulin
M, IgM). #MAE 3 (complement 3, C3). TH &K -y
(interferon gamma, IFN-y). MJEIRFEHA F -0 (tumor

necrosis factor-a, TNF-o))Fl 1 4l ff 1 Z (interleukin-1,
IL-1B) 35 FH VL5 il O S5l A R 2 w35 & 4 R 50
AT E o

17 HARBRLLE

WP R FIRALUS, ET 4% KRR
B 24 h, WKKIEATHOKEE . A8V UK (2
4 pm) ., JBEBE IR AKE LT Yo (o (R ZE L R A R
AR A WK E A5 #4738 O = 0
(NIKON Eclipse Ci) W 5418, R I NIS_F_Ver43000_
64bit_E FAFHEAT KUGRAE 501 (T 183, 2018),

1.8 HIEAEESHT

KHI Excel #4784 1155, SPSS 21.0 347
BT, AR A R A e v 25 S A ik Sy A
At K ; ASEARM K09 3 22 5T Duncan
RZE LB IE AT LE; PR EAT BN &R 2250 i
(two-way ANOVA), Phig/ig 1l 2235 (LSD)# AT kb
B, SR SE R L)L P<0.05 A BoR St I,
B AP EbR 1 22 (Mean=SD) IR .
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2 HRE5HH
21 BRESEMIERKTEX T IEE ERKERER M

22 2 AL, R S AR I 7K SF =2 et 2 £
Y VSI. HSI 7776 i 3% 22 BAEH (P<0.05). 7E[H]
— AR, BEE BRI KE AR WGR. SGR I FE
Y b n FRE, a7 A2 41, B3 4k B KR(E;
TEMRAE A 41 HST A VST e R 5 3 EFH(P<0.05),
T 7 3 480 B 26 v HST ATV ST i g 5 7 SF-388 o i 155
B5 4 i #m T HAZH (P<0.05), fE[Rl—BHiKE T,
B ZHf% WGR. SGR Hl VSI # & T A #1(P<0.05), B 41
FE HHXE T A 4, 5T WGR. SGR Fl FE S1a kg
IR R [N AR AT R, 76 R I 7.61%0R
K, B R A e R E R A RRCR (] 1),

22 BEREMEMKENFTEGEHARENE
FREIRZ T

JFHEH A9 CAT, T-AOC. AST. Caspase9, CCO

xr2

75 A1 MDA, TG, HL, HK. PK, HSP90 =¥
0 52 U NI D 7K P 2[R VE B9 5200 (P<0.05)
(F 3-1 MIZ 3-2), CCO. ATPase F: HAEA R A
A B EER(P<0.05), 7R —EEKT, MENE
05 7K S TH s BFIE AST 3 1 5 1 35 SE B AR T
A2 0 AST i T BT A1 41 A4 4 A5 4H(P<0.05),
B3 20 AST 1P W #1% T B1 41 . B5 44(P<0.05); B 4H
CAT. T-AOC JEMEAT A 41 T-AOC TG X BT &
JG RFE#a%, A 4 CAT. T-AOC WEHLT B 41; A
41 MDA Frig e FFEJE T, i B 21 MDA & 534 W
Thim, Al 41 AS 41 . BS 418 3 5 T HAh 4 (P<0.05);
A i HK ., PK., HSP90 % fil caspase9 i P4 . & T
FE(P<0.05) T as, 4 B A5 A0
(P>0.05), 7ER—HEWiIZKFT, B 41 CCO. ATPase
MR EET A 4(P<0.05); A4 AST G MEH MDA
FHaE T B 4L, caspase9 MM HK. PK, HSP9O 7%
W EMCT B 41(P<0.05),

AESEMRAAERATENFIEEERIEENZIT

Tab.2 Effects of dissolved oxygen content and dietary lipid level on growth performance of Tilapia

WEAKE BRI H: K BE Growth performance
DO level  Lipid level b R KR JIEAA E JHAA L Tl Ak 5 R TR

/(mg/L) 1% WGR/% SGR/(%/d) VSI/% HSI/% FE/% SR/%
AQ2) 1(1.57)  2348.33+141.88%  5.33+0.10° 9.13+0.31% 2.96+0.04° 57.47£5.11° 100.00
AQ2) 2(4.41)  2892.73+89.31° 5.66+0.06° 8.24+0.01° 2.62+0.30° 83.05+11.65° 100.00
A(Q2) 3(7.61) 2 861.64+270.16°  5.60+0.2° 8.70+0.46° 2.64+0.10°  80.37+21.66° 100.00
A(2) 4(10.51) 2 724.30+79.79° 5.52+0.10% 9.53+0.41° 2.7240.19®°  73.81+4.21% 100.00
A(2) 5(13.01) 2 682.01+235.68°  5.4240.16% 9.79+0.34° 2.81+0.05% 68.47+5.29%° 100.00
B (5) 1(1.57)  4332.29+123.78°  6.32+0.05% 9.80+0.73° 2.30£0.17° 73.88+5.75° 100.00
B (5) 2(4.41)  4549.214234.45°  6.40+0.08° 10.46+0.26™ 2.49£0.10°  84.06+5.49% 100.00
B (5) 3(7.61)  4769.224316.45°  6.47+0.11° 10.62+0.67% 2.56+0.12° 95.34+3.11° 100.00
B (5) 4(10.51) 4673.244611.37°  6.43+0.21° 10.66+0.32%° 2.8440.05° 85.77+11.39®®  100.00
B (5) 5(13.01) 3 847.06+333.85"  6.12+0.14° 11.010.20° 3.02+0.10° 72.53+11.74° 100.00

XUR 2R T5 22 530
Two-way ANOVA

P fH (%) 0.001 0.001 0.001 0.046 0.016 -

P-value (DO) (/%1% [%/%) (*/* /%% /%) (F/%/%/%/%) (*/*/%/%/%) (/% /%% /%)

P ﬁ(ﬂﬁﬂﬁ? , 0.015 0.003 0.001 0.002 0.006 -

P-value (lipid)

PH(CH) 0.115 0.263 0.030 0.001 0.612 -

P-value (interaction)

T AR — BRI KT, AR AL 2 W R P22 57 0 7 R, F5 5 W ZEZA IR 1.57% . 4.41%.7.61%.
10.51%H1 13.01%5 K24, B 7 FORZIRIIKF T, AREARHZ R ZET R E . F—HARET, SRR

HZ A R F 2 /NG TR R . A

Note: Significant differences between different dissolved oxygen groups at the same fat level are indicated by “*”, with
1.57%, 4.41%, 7.61%, 10.51%, and 13.01% fat level groups represented from left to right in parentheses, and the presence of an

ek

indicates that the difference between different dissolved oxygen groups at the fat level is significant. Significant differences

between groups of different fat levels at the same level of dissolved oxygen are indicated by lower case letters. The same below.
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‘%8 Normoxia

o ¥4 Normoxia o }% Normoxia

4 K4 Hypoxia 4 K& Hypoxia » K% Hypoxia
--------- LT (%4 Hypoxia) e ZIA(fERA Hypoxia) e ZST (R4 Hypoxia)
......... £ 1 3,(% & Normoxia) e Z TR (4 48, Normoxia) wnenne ZIR(H % Normoxia)
= =—0.007 9x?+0.103 2x+6.149 9
A »=-21.262x*+283.09x+3 862 B 7 .  )=—0.605 5x*+8.847 5x+60.193
R>=0.865 - 8 R=0.878 7 120
5000 3 R*=0.938 2
\ §§ ] 2 i ............ i 100 |
=) S [ ~ - °\c
s 4000 F i g ................ S sof -
g 2 4b y=0005910.0903x+52493 o g0l 17
R S S S S R=04752 B —0.591 9x19.084 3x+47.772
Héﬂ P 5_%\_ 40 + y=\u. > B .
sp 2000 - y=—11.51x>+185.23x+2 154.7 #H o2t E o0l R=0.799 2
= o * 20
=0.773 4 i
1 000 1 1 1 1 1 1 1 0 ! | | 1 1 1 1 0 L L L L L L ]
0 2 4 6 8§ 10 12 14 0 2 4 6 8§ 10 12 14 0o 2 4 6 8§ 10 12 14
Hg i 7KF Lipid levels groups/% Hg i KF Lipid levels groups/% He M 7KF Lipid levels groups/%
P BE T E A A5 A KRR R 5 R IR 5 7K 1 9 ¢ m] I A 7
Fig.1 Quadratic regression model of dietary fat level based on WGR, SGR, and FE

FREIFZIE

3 4 B, IS B AERHIR I K2 51 % 2
e faFE P RMA C3 ¥ HA W52 (P<0.05) . 7E A 41
H, BEE NS KSR C3 SR NS T, 18 A3
H A4 41 L EE T HAB 4 (P<0.05), A £ TFN-y IL-1P.
IgM ., TNF-o it i KT B 41(P<0.05). TaRLAE M7k

BRI FR AR AN AFAE L HAE H (P>0.05)
BEAEMERKENFIEEFREARLEHD
A

mE 2 foR, FEHEEESET, BEERI K
Tt , B AR A B L, A3 A1 Ad B K
AR IR 2390 B AS 20 ATLH UG 25 A /b,

2.4

%31 BRESEMEAMIBERHKENTIEEFRELIERHZNE
Tab.3-1 Effects of dissolved oxygen content and dietary lipid level on liver biochemical indexes of Tilapia

('*1/— J(:F *Elk‘*/]? Index

AR IRIiKT . . " -

DO level Lipid level A ERE  SPiALEE BRI A [t M =g JFRE T i INEIES

/(mg/L) % CAT T-AOC AST MDA TG HL E=id

/(U/mg) /(mmol/g) /(U/g) /(nmol/mg) /(mmol/g) /(umol/L) CCO /(ng/L)

AQ) 1(1.57)  1327£0.71°  16.31+3.27°  112.5349.10°  1.06£0.11°  0.025£0.002°°  105.01£3.06°  239.76+2.66
AQ) 2441)  12.50£0.05*  19.94+0.91°  73.59+26.54* 0.89+0.06° 0.027£0.001°  105.73+2.58"  243.75+2.47
A@2) 3(7.61) 11.7440.32%°  15.71+1.14°  98.89+13.54® 0.75+0.04° 0.030+0.001°  114.10+1.25° 245.39+5.28
A(2) 4(10.51) 10.89+£0.88"  15.89+3.43°  116.14£1.27°  0.98+0.06™ 0.032£0.001°  117.30+1.64°  240.70+7.34
A@2) 5(13.01) 11.04£0.47°  15.43+1.76°  157.19+25.11° 1.10+0.08° 0.023+0.001°  106.56+0.18*  237.42+1.07
B(5) 1(1.57)  12.08+0.73* 21.35+2.82% 7888271  0.62£0.06* 0.017+0.001°  123.71£3.01*  292.97+4.52
B(5) 2(441)  13.59+0.60° 21.57+2.41%  56.83+£7.17*°  0.67£0.10°  0.024+0.002°  129.70+£1.12°  280.54+4.68
B(5) 3(7.61)  15.14+032° 23.67+2.75"  57.36£16.12° 0.69£0.09*  0.025+0.002° 134.65+2.23°  278.90+1.07
B(5) 4(10.51) 11.99+0.59°  2521+1.81°  65.69£6.36™ 0.74£0.15* 0.027+0.001°  135.04+£2.53°  285.23+1.77
B(5) 5(13.01) 11.98+£0.59°  18.03+1.36"  133.18+20.20° 1.07+0.12° 0.034+0.001¢  136.21£1.91°  282.89+5.58

XUE 2 7 225017

Two-way ANOVA
PEIER) 0.001 0.001 0.001 0.001 0.002 0.001 0.001

-

P {EL(A5 Hﬁ.) ‘ 0.001 0.027 0.001 0.001 0.001 0.001 0.170
P-value (lipid)
P{H(3CH)
P-value 0.001 0.024 0.005 0.007 0.001 0.001 0.001

(interaction)
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Tab.3-2 Effects of dissolved oxygen content and dietary lipid level on liver biochemical indexes of Tilapia

T8 4% Index

HRUKF MENIKF Sp e m i KA

/(mg/L) /% HK PK ATPase HSP 90
Caspase 9 /(ng/L) /(ng/L) /(nmol/L) /(pg/mL)
/(pmol/L)
AQ2) 1(1.57) 32.23+0.08° 28.84+0.74° 272.03+3.59" 1 552.46+39.10 25.42+0.56°
AQ2) 2(4.41) 26.25+0.62% 23.08+0.54° 198.84+4.16° 1 596.83+52.20 21.15+0.18°
AQ2) 3(7.61) 26.53+0.22° 22.80+0.25° 197.5042.65° 1 550.75+13.55 21.97+0.38°
AQ2) 4(10.51) 27.17+0.48° 23.30+0.48° 199.99+4.04° 1 562.70+34.85 21.43+0.21%
AQ2) 5(13.01) 26.46+0.65" 22.84+0.58° 200.76+2.30° 1 542.22+56.39 21.50+0.50%
B (5) 1(1.57) 29.94+0.26 26.01+0.64° 237.73+1.20 1 813.55+34.85 23.69+0.36
B (5) 2(4.41) 29.16+0.25° 26.32+0.36 232.56+1.33" 1 820.38+20.69 23.61+0.36
B (5) 3(7.61) 29.60+0.41° 26.01+0.38° 236.78+3.83% 1 777.72+30.00 23.43+0.34°
B (5) 4(10.51) 29.67+0.35° 25.91+0.44° 233.1443.17% 2 132.67+604.58 23.82+0.11°
B (5) 5(13.01) 29.48+0.91° 26.18+0.65° 241.95+1.66° 1 827.21+41.90 23.50+0.34°
W 2 7 25017
Two-way ANOVA
P{HA4) 0.001 0.001 0.001 0.001 0.001
=3

P ﬁ(ﬂ’aﬂﬁ) , 0.001 0.001 0.005 0.495 0.001
P-value (lipid)

PR (3 1L) 0.001 0.001 0.001 0.516 0.001

P-value (interaction)

R4 BREFEMEALAEM KT T IEE A SR ERAI 0T

Tab.4 Effects of dissolved oxygen content and dietary lipid level on liver immune indexes of Tilapia

WEKT JENIKF $&#5 Index
DO level  Lipid level Ty EE!FES A3 RIEREAM MR F-a
/(mg/L) 1% IFN-y/(ng/L) IL-1B/(ng/L) C3/(ng/mL) IgM/(ug/mL) TNF-a/(ng/L)

A(2) 1(1.57) 73.37£1.73 32.20+0.45 356.601.75° 3.53+0.02 317.61+8.9
A(2) 2(4.41) 72.33£1.43 32.95+0.86 350.12+8.01° 3.53+0.07 317.25+5.06
A(2) 3(7.61) 75.08+0.67 32.29+0.75 341.35+2.88° 3.55+0.06 321.669.04
A(2) 4(10.51) 71.96+0.67 32.56+0.45 348.98+2.29° 3.59+0.06 323.87+12.44
A(2) 5(13.01) 72.25+2.64 32.98+0.23 357.37+4.02° 3.55+0.02 311.36+7.99
B (5) 1(1.57) 86.51+2.01 34.83+0.65 411.1249.73 4.00+0.04 363.25+8.14
B (5) 2(4.41) 86.812.02 35.13+0.75 415.69+1.75 3.99+0.06 370.61+6.08
B (5) 3(7.61) 85.99+1.34 34.68+0.51 406.16+3.03 3.99+0.06 369.87+3.37
B (5) 4(10.51) 86.14+0.84 34.74+0.65 414.93+5.40 4.02+0.06 369.14+8.83
B (5) 5(13.01) 86.81+1.36 35.49+0.36 411.1245.16 4.04+0.03 369.51+8.29

W EYE =2

Two-way ANOVA
PEHGA4) 0.001 0.001 0.001 0.001 0.001

b

P ﬁ(ﬁﬂﬁﬁ) ‘ 0.588 0.151 0.011 0.476 0.573
P-value (lipid)
P{H (3 IL) 0.277 0.952 0.102 0.810 0.610

P-value (interaction)




EPHFAE: R ARG 5 K X B4 fh A BEHLRE A S AR 59

a14E

A

Fig.2 Effects of dissolved oxygen content and dietary lipid level on hepatic histology of Tilapia

A2 AT S IES . EHFIEIKFET, A
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31 BRESCEMARBHKENTEEHEKES

A

HAT, & T AR A S 2 Mg K7 1 28
VRN 28 FIMLRE S ST LR B = (HE &
KR EY, KPR SRR, T2
A AP, ICAAP JEfAE WGR. SGR Al
FE B W%, &5 Thorarensen %$(2010). Sun %5(2012)
Fl Yang S5(2015)F 045 - —F, g A1 AP
i) WGR. SGR I FE W &K FH AL, mIREmMLIA
T ELIHAE T Z MY RE EORACHT R, P A s I
IRFRC AW VAR EFRARA X, RASHY M
RS RS E AR B 2 2IBR T (AL et al, 2024;
PRIEZESE, 2019). SRR K42 5 2 4.41%H
BP A2 P At K o I AR . Bl ARG i K
SEFBEN, H AL IRR R AR R A K P RE B
T JE R RSy, A2 4181 B3 42 Ak 53 5 B A
AR R RERRDRL R, 5 E 2 RAE(2014) 584,
SRARL . SLRATEAN [V EIAEE T, & B NG I & B
P A, FEARB, AR RMEREE AR 2L
7 AG 6 235 SR R, Y R B A A A KGR SR
KT, FAefaA K rEaedtm, RS A A
A Bh T B AR R DR, BRI A SR
SEHUARRTE R, 5 45 BAT i p AR KPR RE .

32 BESEMERAEHKTENF IESE ELIEIRE

=20

CAT HAWERRE H hFEROS)RE Sy, WTBH IRTE

PR AT T 1 SR RS 77 2R R AP AL Az 2o S Ak
B, 2019), i T-AOC HE S e H HLA F 454t
Aoy R S PUA LRE 1. REIMBEAE(2016) 5T
KB, fiff(Mugil cephalus)nl LA i 32 5 F Ghi 8 b h
PARE 1 ok L RHIG AU E , DA R 2% At S fh R ok 2 20
BT BT . ABFSE Y, AL 4 CAT ISR &
T AR, 7T g2 % Al A0 X I AEUA o 2E A7 A
FUICHE 5 52 451 i R U = A B B AR Be T 1 b
%f W (Lushchak et al, 2001); 7E% % B ZHh, Fd
e 77K THS , CAT . T-AOC P4 B TR R
TRER T, SRR (2018) % 1 %8 &8 (Cichlasoma
synspilum @xCichlasoma citrinellum 3)AYFFE 45 2
1B 15 I 18 MRS BT 14 Bl 17 AT sk T DA e 2 R £ 1)
PrAEALRE ST MDA J2& S BATLAA Ry % 4 Ak D ORI BL A
AL B ) E BB AR, LRI HUIARLE IE BRI
MDA & RG4S, 2024), AWFFEH, TEHE %
P78 FFREH MDA 5 2 fif 5 A 5 K7 B FF i e
5 =A% 5 (Oncorhynchus mykiss) (T-HERE, 2019).
¥ P&l (Carassius auratus var. Pengze)( i} 1 = 4
2020) 12 2 fi# (Hemibagrus wyckioides) %) £ (K ik 44+
ZA, 2024) 5 R E AR . ABITSE I 4 R Al SRk
A I A5 (2013 )1 420 RN 45 M 55 A ) ) 35 25 5 U e rh
MDA R, HTER E NG W K28 HAE R 5200
T, ARE MDA 5 i AR HE iy, AR R e A 1)
b N =) | B VAT iR i | SR | e e = D )
A4 13 A A

PK Fl HK &2 SRR AR b iy B G, —
U VRS A R R O 7K 7 R RE 14 Qs ke B
W EH. A5 iE, £ 620 40 (Barbodes
schwanenfeldi) (2RaEHH, 2014) . #8(C. carpio) (£ 3CIH
4, 2023) YL K K ¥ fii (Pseudosciaena crocea
Richardson) (Zh£L 545, 2016)f4 PK Fll HK & & ¥ bl %5
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T AR i 7K S B8 v 1 T g, Ay v B DR T D4
o AR S v, SR IT S S AL, 1T fE AT
Fr e Fol 0 AT A AR I AH OGBS 1 1 BT, T
T3 TFE T A U B D7 ) B as RN 1, e — 2038 1)
4 A B i FE 4 A AR () S 5, 2013) . SRR MHESF(2020)
W R, SEMRENNa S, 28 afFiEd PK. HK
TEHTHE, ATPase 1G1EEE N, (HAMFITLE R
RHERK B E AT, FAER PK. HK. ATPase
P T AL, B T e 2 3R A 3 K 4R
BT, IR E0R DU, s 1 IG5 i RE
MHIES T A EPF A G 4, 2020),

TG F1 HL JEfg G h = X E L8 hn, &
MR B AR 2 B R IR D e 2k % CRIS 184S, 2018),
ZEH 0 Gt (CE4E B, 2021), K B (Micropterus
salmoides)(R 51545, 2018) . J& % B k14 (0. niloticus)
(Lietal, 2018) &% 3% & ¥ k- fa(Ma et al, 2021) 35055 &
W, TG &bl N0 ACF T i E g m . DL Rgs

R GARB LR AL AT o EA R,

EARAE A dh, I TG S EEPCTHE G TE AS 4
BETRAESE, SaHHE M Es, DA
A1 I e RIVE R T 2 B A i 4™ B SR A B 43 4
NEARISTRE J1 2 e PHAS . TG ¥ %2 HL $M (35 75 2%,
2015) , 5Kk 4 W% 4% (2013) W 5T & B, & fi (Chelon
haematocheilus) HL & &t fifi %5 15 FHAG 105 7K ~F- B9 750
EWAE  EARMFS T, FFE HL &5 B 2 2K AR
RE WKL RVE R, IR HL & & B I TF
A, PEORTEAR AR rh SR I A w5 B W KT 1
T RE AT BEASFI T 2 JE AR SE AT 1R ot 0 & B A
(B V%, 2020).

33 BAESEMEAMAEHAKTEIF IEE %R RN

SCEG R PR, VS RN R I KT 14 28 BLAE R R
IgM. C3. TNF-a, IFN-y il IL-1B e 6 brds 0 i 3%
PERZ IR, {H X 2 G0 I 1 1 AR AB 1 5 7 S B i i 35 M
X, Welker %5 (2010)0F 58 & B, B 25 X2 #il(I ctalurus
punctatus)fE B4 5 d J5, #MA CHSO 1R B T 12
ERRAR , AR S 2 I ] 1 A S B K o AR ZT
A F LT A 4, X5 Sheng 5
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B e 2 R A B S AR I I M | 3 S e [
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AR, VR R E ST IR R S S BUIR N eI
fEp R A R, AT R, a2 T 8040
R it . AmMA% 24 . FET- L S ARAE SV (Paternostro
etal, 2010; Britk®, 2016). 7EARSELL M Z A k40
L HE B e TR RN v DR R U 4R M B
ERTT, N THFIRIMERR, SBURFIERR I 25 s 2
DL A0 A A % B B 52 1 o AT AR RN 5 MR L g 15
s T RE A T A 2 A 7 B A A AN T IR AR T 1 25
L, SEMTR B TCIE 78706 B R FI R i AL T AL
WA, A2 AAFAIRIE AL MIEY , RILSW, &
TN 2 3% W o {1 G 7K S (4.41%) ) RE AT LA 2 7 % 480 3R
5e op AR LR A AR

4 RZE

R E AR RS L IFAEAAE | Se s bn LA ST 2
LI R SR R A B, ARSI AR s i ) DR
SR AR 5B 7 00 SN, 3 2 S B0 7 B 4 O
AR SRR, S A i ST A ) B B sk TR
RBERE ST o FEABIIEL I, ARSI BRI 7K -
4.41%75 A7 B BRDEFRE A 2E 25 A 42 A9 A k3 SN
W, AR AR BRI IIK - 7.61% 745 45
AR TEARaR R,
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Interaction of Dissolved Oxygen and Feed Fat Levelson
Physiological Functions of Nile Tilapia
WANG Dandan', HUANG Kai'”, LIU Ting?, GUO Ruijie', LI Yuda', LI Xiangli'

(1. College of Animal Science and Technology, Guangxi University, Nanning 530004, China;

2. Guangdong Haida Group Co., Ltd., Guangzhou 511400, China)

Abstract Oreochromis niloticus (Nile Tilapia), has the advantages of rapid growth, versatile feeding

habits, the absence of intermuscular thorns, and robust stress resistance. Moreover, it is abundant in
essential amino acids and unsaturated fatty acids, making it highly nutritious. Since 1976, the Food and
Agriculture Organization of the United Nations has recognized Tilapia as a suitable fish for global
cultivation. The farming model for Nile Tilapia in China is gradually shifting from traditional flowing
water systems to high-density factory farming systems. However, oxygen deficiency is a common factor
that leads to fish mortality in high-density intensive farming settings. Therefore, close attention must be
paid to the dissolved oxygen (DO) status of aquaculture environments. DO is essential for maintaining
normal metabolic activity in aquatic organisms and significantly impacts their growth, immunity, and
energy metabolism. Studies have shown that fish can cope with low-oxygen environments through a series
of physiological mechanisms. Under hypoxic conditions, fish utilize stored energy reserves (carbohydrates
and lipids) to maintain their activities. Owing to the low utilization rate of carbohydrates in fish, utilizing
lipids to provide energy is the optimal choice for them to adapt to low-oxygen environments. Owing to the
low utilization rate of carbohydrates in fish, utilizing lipids to provide energy is the optimal choice for them
to adapt to low-oxygen environments. Tilapia subjected to prolonged hypoxia utilized more lipids in
response to hypoxic stress, suggesting that diets supplemented with appropriate lipid levels can enhance
fish survival. However, the precise underlying mechanism remains unclear. This study aimed to investigate
the interactive effects of DO content and fat levels on the growth performance, hepatic antioxidant capacity,
immune parameters, and liver tissue structure of Nile Tilapia. The experiment was conducted using Tilapia
with an initial weight of (7.62+0.29) g as the subjects. Two DO contents: hypoxia [(2.0£0.1) mg/L, group A]
and normoxia [(5.0+0.1) mg/L, group B] and five fat levels (groups 1-5: 1.57%, 4.41%, 7.61%, 10.51%,
and 13.01%) were applied, including three replicates per group. The culture period was 60 days. The results
showed that as fat levels increased, the weight gain rate (WGR), specific growth rate (SGR), and feed
efficiency of groups A and B first increased and then decreased, reaching maximum values in groups A2
and B3. At the same fat level, WGR and SGR were significantly higher in Group B than in Group A.
Hepatic enzyme activities and content of various parameters, including catalase (CAT), total antioxidant
capacity (T-AOC), aspartate transaminase (AST), cytochrome ¢ oxidase (CCO), caspase-9, heat shock
protein-90, malondialdehyde (MDA), hexokinase (HK), pyruvate kinase (PK), triglycerides, and hepatic
lipase, were significantly affected by the interaction between oxygen levels and fat levels, whereas there
was no interaction effects on adenosine triphosphatase (ATPase) activity between the two factors. With the
increase in lipid levels, the CAT activity and T-AOC in group B and T-AOC in group A first increased and
then decreased; the T-AOC in group A was lower than that in group B, and the B3CAT activity was
significantly higher than that in the other groups. MDA content in group B increased gradually with the
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increase in fat level, that in group A decreased first and then increased, and that in group A was higher than
that in group B. Under the same lipid level, the CCO and ATPase activities in group B were significantly
lower than those in hypoxia group A. AST activity, T-AOC, and MDA content in group A were higher than
those in group B, whereas caspase9 activities and HK, PK, and HSP90 contents in group B were
significantly lower. Immune indicators, including immunoglobulin M, interferon-gamma, tumor necrosis
factor-alpha, and interleukin-1 beta, were significantly lower in group A compared to Group B and were not
affected by fat level. DO and dietary fat levels significantly affected complement C3 in the liver of Tilapia.
In groups A and C3, the content first decreased and then increased with an increase in fat level and was
significantly lower in groups A3 and A4 than in the other groups. With increasing fat levels, the number of
hepatic lipid vacuoles gradually increased in group B, whereas the cell morphology in group A2 was
normal. Groups A3, A4, and B5 showed numerous lipid vacuoles, nuclear dissolution, and displacement. In
summary, low oxygen levels and excessive dietary lipid levels lead to severe liver oxidative damage, fat
accumulation, dysfunction of lipid metabolism, and reduced immune capacity. Within the scope of this
experiment, feeding a diet with a fat content of approximately 4.41% during low oxygen conditions
promoted the growth of Nile Tilapia and alleviated hypoxic stress, whereas feeding a diet with a fat content
of approximately 7.61% in normoxic environments benefited the growth of Nile Tilapia.
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