BRERESIXHB A RIR M T K 1 RS RPERE . B AN e 15 U5 O R
Kin BT A §RIR SRR HEE REK 4 22 L Ruel M s
SODIUM BICARBONATE ON GROWTH PERFORMANCE, BLOOD BIOCHEMICAL PARAMERERS, AND

INTESTINAL DAMAGE OF LARGEMOUTH BASS (MICROPTERUS SALMOIDES) UNDER CHRONIC HEAT
STRESS

ZHANG Rui, WU Li-Yun, CAO Kun-Kun, JIN Jun-Yan, YANG Yun-Xia, ZHANG Zhi-Min, HAN Dong, LIU Hao—Kun, ZHU Xiao—Ming, Xie
Shou-Qi

TELR R View online: https:/doi.org/10.7541/2025.2025.0016

FRTT RE RO HAB SRR

Articles you may be interested in

RS K 1 FR Al i A L S i 1 f B P 5
PANCREATIN ON GROWTH PERFORMANCE, LIVER, AND INTESTINAL HEALTH OF JUVENILE LARGEMOUTH BASS
(MICROPTERUS SALMOIDES)

IKAE A H2E4R . 2024, 48(12): 1993-2005  hitps://doi.org/10.7541/2024.2024.0232
SRR MRATARTN A2 G AR MR 1 R A AR Tt I 0 B G A M BB R g 1) 52

DIFFERENT DIETARY REPLACEMENTS OF FISHMEAL BY NON-FOOD PROTEINS BLEND ON GROWTH PERFORMANCE,
HEALTH OF LARGEMOUTH BASS (MICROPTERUS SALMOIDES) AT DIFFERENT FEEDING FREQUENCIES

IKAEAEW)2AR. 2024, 48(1): 63-76  https://doi.org/10.7541/2023.2023.0111

TP A IR BESE SR R 1 R AR | T R R S T S

DIETARY YEAST CULTURE ON GROWTH, INTESTINAL HEALTH AND IMMUNITY OF MICROPTERUS SALMOIDES
IKAE A H2E4 . 2024, 48(1): 23-33  hitps://doi.org/10.7541/2023.2023.0080

TP A= FLARER RO K 1 R gl i A KM RE . THARBEG T . W TE AN EE RS T s

DIETARY SUPPLEMENTATION OF BOVINE LACTOFERRICIN ON GROWTH PERFORMANCE, DIGESTIVE ENZYMES

ACTIVITY, INTESTINAL TISSUE STRUCTURE AND DISEASE RESISTANCE OF JUVENILE LARGEMOUTH BASS
(MICROPTERUS SALMOIDEYS)

IKA A=A . 2023, 47(3): 505-514  hitps://doi.org/10.7541/2023.2021.0386

Of'yr 0
Tk


http://ssswxb.ihb.ac.cn/article/doi/10.7541/2025.2025.0016
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2025.2025.0016
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2024.2024.0232
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2023.2023.0111
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2023.2023.0080
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2023.2021.0386

KE A& Y R
ACTA HYDROBIOLOGICA SINICA

doi: 10.7541/2025.2025.0016

FRES SURXT IS M SR ME T K O B8 K EE.

CSTR: 32229.14.SSSWXB.2025.0016

&4 1N

A 1R 45 R R

S YIJ 25’
(1. REREERE, KiE 116023; 2. H E R} 2B KA A PIaITE 58 BTk 72 S b ) i

e 2 — = 2
SRBS BB KEH
Ko

TR AR R

EX 430072; 3. AT FE ITTE K22, 12 453007)

WE: N T IRTUIRIR A
PLR I B i %) £71.(20.2620.08) g T FEXT R, 49 5l e

ZIN(NaHCO,) A& 1 =il 38 R K 3R 5 (Micropterus salmoides) i 45 4% 150, SE46
EH BB BRI Z AN (NaHCOs, 5 g/kg) RIS . 2551

R, LR E R IR MNE T, NaHCO; AL & A KR 5 XA L E 8.3 2 7, (HERICR . AR A&

FLTRCR, LA iy T8 e oy Bl A0 R B s 1 S 25 4

. NaHCO;/I s N5 & 3

i 1 HiE B TR RE S (T-

AOC). HHAMNEAR(CAT). HANY B ALER(SOD)FIZA B H BRI AL Y RE(GPx) TG 1, I+ L8 T carflgpxlat
RHIRIE, T T keapl IR RIE . [FIB, NaHCO, 2 3 T TR SEMMH 7 l- 18 mfa- illSHIRIE, b
iJ%TﬁﬁééHﬂH@%uoE’ﬁéﬁ AN, NaHCO, 41 K 1 26 i 18 K hisp 90~ hsp 70H hsp 605 (X i1 3R 1k 15 56 &

TRIEA a2

oA B0 SAE R P T (1 T A AR SR 3t TR AL A -

KHER: BRIREUN, miRbE; AEKVERE miEMERE K H R
XEHE: 1000-3207(2025)00-XXXXXX-10

hESEE: S965.1 CHEEFRINEG: A

FEZK 7 FRFE R v, FR G K AR I A\ o d
KRR R 2 —. B RS 5EAEIE 1 0 &),
FRHEKIE BT TH s, f RIS B 2 3
AR, HE 2 A8 04 2 Z=6—8 H A <R i i
40°C, Hb TR B L E i 45°C Y, RS M S
137K T R R PR R, S2me H AR K (g
FEo DAE R IX S fpl, 2 s S IR K IR 3
IR B35 CEE &, RBUKFREYEEE R
=B, AR BRI GE, DU e T RRAIG, a2k E R
W2 R

K 1 E i (Micropterus salmoides), i T¥ H &
R R E, 19835 Mk 3E 51 2k, PR P Jo 6 2
BIEE. AKREH S TR, RAREMNAETT

Woks B EA: 2025-01-11; 23T H#: 2025-02-20

ORI RN, iR bE TR TR H R iaE s, vk IS ITNaHCO, 2. G 1 a2
,/\ﬁéjf, JE T Wizol . jam. occludin. muc2W)ZRI5
EHUAMNRE . o0 il 20 F 7l BRI DD RSk AU R g M iR i a

L5 EPTIR, R RIS g/kg NaHCO, I8 1 52 i

PR DR E i, W

Ml Rk R oK SR f 2 — e miR Y,
R KRR 1L 28 C IR, K1 R B2 B L I A i
SR, G F1 R B, Gy IR o TR, R BUR
AN R AT B R AR 1R i3 — 20 TR, BET 51 A0
FRMGHHRT . BRI, FERmBASTT, 0%
¥ P S5 AL 2 o 52 BIRBR, T  BUY T8 R A,
3% ™ A B Th R RERS . TR R G S
KB B R, T8O E FRE 777:5“[910
T8 P el MR s R R R R R 2 —
RS PNIMEY RN 7 w5 A B @%xh, ‘?r
BB R BOEE LR, BORH B S RN, 3R R
E&EZ[IO,H]O

B IR R AR e i I R R AR R SR R BE B )

LW H: B K E Sk 112022 YFD2400800) % Bl [Supported by the National Key R & D Program of China (2022YFD2400800)]
EERBN: TKHR1998—), &, Wi s, T BN F KA BRI, E-mail: zhangrui0l @ihb.ac.cn
BIEIEE: &RHR(1983—), 2, 4 FENF AR MAERSI Y. E-mail: jinjunyan@ihb.ac.cn

©The Author(s) 2025. This is an open access article under the CC-BY 4.0 License (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.7541/2025.2025.0016
https://cstr.cn/32229.14.SSSWXB.2025.0016
mailto:zhangrui01@ihb.ac.cn
mailto:jinjunyan@ihb.ac.cn
https://creativecommons.org/licenses/by/4.0/

2 KR R

IR . R s g R R A
(NaHCO)/E N —Fh el h, BRA R4 K. #i
A TRIETH A 1Y 0R e R % A TN A 2
EhEE™, BFFE R I, NaHCO 38 i o 38 /K i 1 sk
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) 2B K P B AR R M R, 7 A
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HETT AR B P R R . NaHCOS 5 2
3 [ 752 (Agnus dei)F12E(Capra hircus L)WJAEKNE
B, FE RS TR EpH Y, 2R 2 P A
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A, FFE I 22 fif b ae ) ST s e, 2 T ERER
", RAENaHCOLTE Z Fhah i R A —
SE BT, (BAE AR A R FAT BN A TR o AL
HEMINaHCO; 1T BEF2E = K 1 B 5T mrige /1. AT
IOUEFRAT R 5, AR VT T R8s e T,
N5 g/kg NaHCO % Kk O BB A K. AEALFRAR AN
Jip A R 5, AR G2 A f0 R N R AL BRI
K HE -

1 #RERZE

1.1 SEIgER

ARSI BT FH R A DR DL L XS PR RO AT
AR EE A R AR, R A A A R NS5 %,
FHLIE DT & 5 98.5%. B FL R HAR FH s N5 g/kg
NaHCO, {2 35 G2 i 5 22 30 SLHONT RIS A8 K Be A0
JUEE it £ S i 7, R bk A s 6 7 B At R R o R
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B w], o b)) & s e Rl . i R
28 3L B Ao FE MR 8, 3k 80 B 17 X, i f& FH A 2
WD HRE, 5 HAL SRR R R A . KSR
SJa, A8 SR 55 R AL(SLP—45, by L 15
AR TR, DI RLAR 24 mm (1) 7 Ak R 1]
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1.2 St & R FEEH

SIS T A DR 1 R G ) B I T 4 K R
AFE (P EWIAL). RIS TEWIALE A T
T DY R 55 Ji7 P a7 Bt 3 A (2 mx2 mx2 m) i
17 o S U 0 76 W AH N B IR, A0 H 5L i 1R o iR
208 . SIS A 7 IE USRI T ULk 240, Bk g R
RS Y1 5] 4202 4 L[] 46 14 2 (20.26+0.08) g,
FRE S5 BEVLAN 6N A . Seie BA (A, & H i &
FEIR2UK(6:30+ 17:30). FRAHLIGFFLLSE . LI K

1R(34.940.3)°C (K 1), EfEE>6 mg/L, A S EN
0.20—0.34 mg/L, AH R £h & 550.009—0.014 mg/
L, pHN6.8—7.2,
1.3 HmR&E

FE S50 T 06 T, 308 BRURIUAR AF T 1 34 S 06 # 1F
RVIFE, IRAEAE-20°COKFE 25 FH o (EFRH S0 45
HE, i FIMS-222 (60 mg/L, Sigma, 3£ [F)%} s2i6 1
HBEAT BRI, JEREAT IR E AT AN FE B A LA Y
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Tab. 1 Diet formulation and chemical composition (% dry matter)

FA B Diet
J7 Kl Ingredient m

1 f Fish meal 42.00 42.00
X PI# Chicken powder 12.00 12.00
FE AT 45 25 [ Cottonseed protein concentrate 9,00  9.00
4 i Wheat flour 500  5.00
HfISoybean meal 7.00  7.00
AZEE K Tapioca flour 12.00 12.00
1 JHiFish ol 2.00  2.00
il Soybean oil 2.00  2.00
ZAELZ Y TIEY) Vitamin and mineral premix] 2.00 2.00
IR — 24 Ca (H,P0,), 1.00 100
SLHEBECholine chloride 0.30 030
DL-# %M DL-Methionine 021 021
L-#& R 2R £h L-Lysine hydrochloride (98%) 036  0.36
IR EHNaHCO, 0.00  0.50
#-2f F Cellulose 513 4.63
k2% 4H il Chemical composition (%)

7K 73 Moisture 7.12 697
#H 2 A Crude protein 5462 55.07
HHHE Wi Crude lipid 8.52 838

2B LT TR BRI, 205.39 mg/kg; LK
Bk, 198.57 mg/kg; LK BRRAL, 50.36 mg/kg; MULL A, 0.07 mg/
kg; HKBRERH, 98.30 mg/kg; -L/KMRIRE:, 442.46 mg/kg; A
P24, 0.66 mg/kg; L/KIREREY, 1.67 mg/kg; 4E4EFA, 1800 [U/Kg;
44 E D3, 390 1U/kg; 44 % E, 30 mg/kg; 484 % K3, 2.8 mg/kg;
44 2 B1, 6 mg/kg; 4E4E EB2, 6 mg/kg; 4E4: 2 B6, 6 mg/kg; 4
2 B12, 0.04 mg/kg; 4842 K C, 70 mg/kg; 2 BRES, 15 mg/kg;
kA%, 45 mg/kg; M, 2 mg/kg; D-A40%, 0.05 mg/kg; WIEE, 40 mg/
kg; T KIEH, 4500 mg/kg. TWH) REIRERGIRAF

Note: 'Vitamin and mineral premix: MgS0,.7H,0, 205.39
mg/kg; FeSO,.7H,0, 198.57 mg/kg; MnSO,.7H,0, 50.36 mg/
kg; KI, 0.07 mg/kg; CuSO,.5H,0, 98.30 mg/kg; ZnSO,.7H,0,
442.46 mg/kg; Na,SeOs, 0.66 mg/kg; CoSO,.7H,0, 1.67 mg/kg;
Vitamin A, 1800 IU/kg; Vitamin D3, 390 IU/kg; Vitamin E, 30 mg/
kg; Vitamin K3, 2.8 mg/kg; Vitamin B1, 6 mg/kg; Vitamin B2, 6 mg/
kg; Vitamin B6, 6 mg/kg; Vitamin B12, 0.04 mg/kg; Vitamin C,
70 mg/kg; Calcium pantothenate, 15 mg/kg; Nicotinamide, 45 mg/kg;
Folic acid, 2 mg/kg; D-biotin, 0.05 mg/kg; Myo-inositol, 40 mg/kg;
Corn starch, 4500 mg/kg. Purchased from Guangdong Liankun
Group Co., Ltd (Guangdong, China)
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Fig. 1 The mean daily water temperature during the experiment
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(Total protein, P/N:105-015578-00). [ & [ (Albu-
min, P/N:105-000450-00). B84 ERNH Alkaline pho-
sphatase, P/N: 105-000444-00) F1i§%i## Glucose, P/N:
105-000949-00)"*",

T BT H 2950 mgH I 2H 2R, NS mLES L
BRI, 119/ E A5 i N 0.68%F JE B AR HE Eh UK,
R THEERALN RN AK. BIETE
4°C+ 3000 r/minZ& T 25010 min, B L& p10%
T8 A5, B B R iR & s
KA AR FEAT, PO006)NE &FR A & &, [HI,
8 FH T o AR ) TR 5 B 1A AR A I A Bt
AALRE J1(T-AOC, A015-2). A Wt H kit &4k P g
(GPx, A005-1-2). i % 1k & B (CAT, A007-1-1).
8 AL W) AL B (SOD, A001-3-2)3% 1 K A — B
(MDA, A003-1-2) % &, il iz 1 Jik 2 E (A 080-2-
2) MBI EE(A054-2-1)Fla-VE K BE(CO16-1-2)TF 1%
1.5 EEFRIESH

A Wus Y 77 %, A8 FH Trizolif 71 (Invitro-
gen, 55 [E)FEHUI 18 4L 2IRNA, F| FIM-MLV ¥ #% 5%
filf(M-MLV)# RNA S #% 5 ycDNA. fi i LightCy-
cle 480 II%& 4t (Roche, Basel, Switzerland)fll 2x
TSINGKE" Master SYBR Green | gPCR Mix-UDG
(Without ROX)%¢ )t YL il it 47 S i) % 6 58 e PCRAS
Mo B-actin WS E R, ARG 519 801 H H
o i B £ A 0 33 KSR, R S i R 1 51 4 5 6
W3 2.

1.6 BRSO

T A7 H 4l 1) DA B B hm 4 R R OR (n=6) . H
P 1 IE 2520 A i il i SPSS 19.0% 44 H 1) Shapiro-
Wik 56 32 AT VP Al o B JS, SR FH SRR AR ok 46
(Independent sample ¢-test) b A% JE ZH(CON) AT iR
SAI(NaHCO,) 4 £ 7# . P<0.05# N A B 3%
MR,

2 HFR

21 EKE5&EEAR

W% 3FT o, AE w i e R, ARk s
NaHCO, % & #2517 K 0 5 KRR SCR (FE) &
H i &4 Z(PER) M 2R H BT 2 (PRE; P<0.05). 5
X B 4L AH L, NaHCO,4H [ & K AR (FBW). &
H(FI). MWER(WGR). Ff& 4K EK(SGR)MFTE
L (SR T & 2 7(P>0.05). AR nHrss &
7N, NaHCO, 41 1) 4= f /g 1 & 2 0 3 15 iRl
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2.2 [3REIEFRR

K 1 B Il 2R AR A SR bR an ] 2B . T sl
JE R, FAEE R IINaHC O, % 3 H 7 1 K 1 Syt
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W Af o, 55t 4R b, A RE s
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XA I (MDA) & 56 2 35 52 1 (P>0.05) . {E 18
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I 25 1 B 1R PR (P<0.05), B X i 17 il 3% 4 G
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ESES

TEREEE AR, 5X IR ALA L, TR
NaHCO, 2.3 P [ IiE #AR 7 R E (hsp90+ hsp70-
hsp60)(t) 3 [K] 22 3% (P<0.05), i %t hsp3081 hsp27(¥)
sk T B 3 52 (P>0.05; & 3). &l 4FTR,
NaHCOs B2 2 i 1T W iE Hisa A AH K BE R (car
gpxla)IRIK, FH B T W T keap 1) 3 K 3Rk (P<
0.05), {H /2 R FE W nrf2F sod 1 1) F& K] 3K (P>0.05) .
FENSPE SR 8 24 R, IS INaHCO3 2 2 R i T
PR RAEL R T-GI-18+ tnfafNill 5)H 3 R ik, [
ik T BT A R Tl 0 Rk (P<0.05; B 5).
25 MEAAZREFEEEXERANTKIE
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AL RSN & 6t . HERL 85 RBIR, 7212 fn i I RO SE B, RIS W, B B HR A R
P e il B 8 A 5, R HE K 10 S B g T 2R 6 ) P2 [ ILJZ J8 R 22 A 2, {ENaHCOS 2 2 52
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Tab.2 Primers used in the present experiment

H[K 4 Gene 5|9 7 %|Primer sequence(5'—3") & 5 Accession number
p-actin CTGTGGTGGTGAATGAGTAGCC PRINA725023
CATCCTCCGTTTGGACTTGG

Heat shock protein 90 (hsp90)

ACCCCTCTCTCCCTGGGAATT
GCACGCTCACCCTCATAAACC

XM_038708948.1

Heat shock protein 70 (hsp70) GTCCTACGCCTTCAACACGA XM_038708948.1
GCTGATGGTCTCGTCACACT

Heat shock protein 60 (hsp60) AAGCAGGTGAGGCCTGTGTG XM 038721348.1
AGCATGAGGGCACGAGCATC

Heat shock protein 30 (hsp30) CTACGTACAGGGTTGCGGGG XM_038732984.1

Heat shock protein 27 (hsp27)

Interleukin 1 (il-1)

Interleukin 15 (il15)

ATGGACTCAGCTACATGTTGTTCT

ATCGGGCAAATCGCCTTCA
AGACCACCGTGTGATTGCT

CGTGACTGACAGCAAAAAGAGG

GATGCCCAGAGCCACAGTTC
GTATGCTGCTTCTGTGCCTGG

AGCGTCAGATTTCTCAATGGTGT

XM_038709260.1

XM_038696252.1

XM_038713163.1

Interleukin 10 (il10) CGATTCTGCCAACAGCCTTG XM_038696252.1
GCTCGTCGAAGATCTGCTGT

Tumor necrosis factor o (tnfa) CTTCGTCTACAGCCAGGCATCG XM _038710731.1
TTTGGCACACCGACCTCACC

Transforming growth factor f (tgfB) GCTCAAAGAGAGCGAGGATG XM_038693206.1
TCCTCTACCATTCGCAATCC

Nuclear factor (erythroid-derived 2)-like 2 TCACCAAAGACAAGCGTAA XM_038720536.1

(nrf2) CAGGCAGATTGATAATCATAGA

Kelch-like ECH-associated protein-1 GATAGACAGCGTGGTCAAGGC MW465394

(keapl) TGAAGAACTCCTCCTGGGTCG

Catalase (cat) GTTCCCGTCCTTCATCCACT MK614708.1
CAGGCTCCAGAAGTCCCACA

Superoxide dismutase 1 (sodl) GCGTGGGTAGATGGTTT XM_038713969.1
AGGGTTGATGGGCAGTA

Glutathione peroxidase 1a (gpxla) CCCTGCAATCAGTTTGGACA XM_038697220.1
TTGGTTCAAAGCCATTCCCT

Zonula occludens-1 (zo-1) ATCTCAGCAGGGATTCGACG XM_038701018.1
CTTTTGCGCTGGCGTTGG

Mucin 2 (muc2) AAAATAAGGAGGGTTGGG XM 038706114.1
GCTGTGCCGTGGTTCTAG

Occludin GATATGGTGGCAGCTACGGT XM 038715419.1
TCCTACTGCGGACAGTGTTG

Claudin CCAGGGAAGGGGAGCAATG XM_038713307.1
GCTCTTTGAACCAGTGCGAC

Junctional adhesion molecule (jam)

TAGGTTTGCTGCTCTTTGGTCT
GTCTGAATCCGTTAGCCTCATC

NM_001004667
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NaHCO AL #1523 i v 118 1t il e 256 ok 1
PRy iy 08 2H 2 S R B R 3 R zol s jam
occludinFmuc2 715K (P<0.05; &l 7).

F= 3 ARFIRMNaHCO &M SIRME T AORSE K,
TARF R AR RER KB

Tab. 3 Effects of dietary NaHCO; supplementation on growth,
feed utilization, and fish nutritional composition of largemouth
bass under chronic heat stress

o ARl Diet

fibsltem CON NaHCO,
WA IBW' (g) 20.2540.11 20.17+0.17
LR E FBW (g) 92.93+0.88  102.73+3.44
i FI (g/fish) 93.40+2.76 93.013.17
145 % WGR" (%) 358.79+6.79 409.13+14.40
FREE FE® (%) 83.92+1.38" 86.27+1.16"
58 A2 K% SGR® (%/d) 2.72+0.03 2.90+0.05
17355 SR (%) 86.19+0.48 87.1443.78
A% PER 1.41+0.03" 1.56+0.02"
AR YU PRE’ (%) 20.66+1.33" 26.18+0.39"
VIR AR E F7 HL5> Initial
fish nutritional composition
#1#K [ Crude protein (%) 8.10+0.14 8.10+0.14
HLE W5 Crude lipid (%) 20.01£1.09 20.011.09
K5y Ash (%) 16.56£0.52 16.56+0.52
7K 43 Moisture (%) 65.10+1.24 65.10+1.24
R RS 57 ) Final fish
nutritional composition (%)
#HEE H Crude protein 15.77+0.82 16.67+0.21
FLAGIT Crude lipid 7.47+0.21° 6.7620.18"
K45) Ash 15.65+1.85 17.4240.35
7K Moisture 71.45+1.29 70.52+0.86

i R PRI RIS T B HE R (n=3), IR A7 TR [R5
4 1 T 3L 7 BF b AR R o8 2 7 1B 3 (P<0.05). The data are
expressed as means+SE (n=3), and the different superscript letters
in the same row indicate significant differences (P<0.05); EIILEYEN
# IBW (g): Initial body weight; “4 K {4 & FBW (g): Final body
weight; 15 £ & FI (g/fish)="F4) 5 5 fx /61 3 H ; Feed intake
(FI, g/fishy=dry feed intake/number of fish; ‘4 & & WGR (%)=
100X (2 K & Y1 46 7k B )/ 46 7R B ; Weight gain rate (WGR,
%)=100x(FBW-IBW)IBW; *{i £} 2 % FE(%)=(100x i1 {4 i
4 & &)/ ) & & Feed efficiency (FE, %)=(100xfresh
body weight gain)/dry feed intake; "} 5 3 K % SGR (%/d)=
100X [In(%& K A 5 )~ In(W] 46 7 21 ) /4% M K 2%, Specific grow rate
(SGR, %/d)=100%[In (final body weight)—In (initial body weight)]/
days; "773% ZE SR (%)=(TF 7 5 H/#8 46 4 80 < 100; Survival
rate (SR, %)=100x(final fish number/initial fish number); *%& 15
B PER = (45K kB 9] 4 14 B )/ 11 & N\ & ; Protein effi-
ciency ratio (PER)=(final body weight—initial body weight)/protein
intake; "2 1 FRITUAZE PRE (%)=100x(RFEARE x4 K ik E—Y)
FEAR B B <) 46 14 8 )/ B 3\ & ; Protein retention efficiency
(PRE, %)=100x(final body proteinxfinal body weight—initial body
proteinxinitial body weight)/protein intake

3 Tig
3.1 NaHCO:x 8 S RME T KORPE KM
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Fig. 2 Effects of dietary NaHCO; on serum biochemical indices
in largemouth bass under chronic heat stress
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Tab. 4 Effects of dietary NaHCO; on antioxidant enzyme activ-
ity and digestive enzymes in gut of largemouth bass under chronic
heat stress

T FRItem CON NaHCO,
MPUELRE IT-AOC 0.31+0.01° 0.38+0.02°
(nmol/mg prot)

A EALEFSOD 15.88+2.83" 31.3242.85
(U/mg prot)

P MDA 2.62+0.15 2.3120.40
(nmol/mg prot)

W ELEBECAT 13.50+1.84" 25.71£1.75°
(U/mg prot)

AEH R EIEEGP  10.4540.67 27.69+2.30°
(U/mg prot)

& Wil (U/g prot) 1.73£0.17 2.65+0.41
o-VEN i (U/mg prot) 0.88+0.08" 1.37+0.06
R4 5§ (U/mg prot) 2004.08+619.86" 6322.22+1502.28"

W F AT R _E AR - RER R 22 57 5 3 (P<0.05)
Note: Different superscript letters in the same row indicate
significant differences (P<0.05)
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Fig. 5 Effect of NaHCO; on inflammation-related gene expres-
sion in largemouth bass under chronic heat stress
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SODIUM BICARBONATE ON GROWTH PERFORMANCE, BLOOD BIOCHEMI-
CAL PARAMERERS, AND INTESTINAL DAMAGE OF LARGEMOUTH BASS
(MICROPTERUS SALMOIDES) UNDER CHRONIC HEAT STRESS

ZHANG Rui"’, WU Li-Yun’, CAO Kun-Kun””, JIN Jun-Yan®, YANG Yun-Xia’, ZHANG Zhi-Min’, HAN Dong’,
LIU Hao-Kun’, ZHU Xiao-Ming2 and Xie Shou-Qi2
(1. Dalian Ocean University, Dalian 116023, China; 2. State Key Laboratory of Breeding Biotechnology and Sustainable Aquacul-

ture, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 3. Henan Normal
University, Xinxiang 453007, China)

Abstract: In order to investigate the effect of sodium bicarbonate (NaHCOj3) on intestinal damage in largemouth bass
(Micropterus salmoides) under chronic high-temperature stress, juvenile largemouth bass (20.26+0.08) g were fed diets
with or without sodium bicarbonate (NaHCO;, 5 g/kg) for 8 weeks. The results showed that there was no significant
difference in the specific growth rate in the NaHCO; group compared to the control group at chronic high temperatures.
However, the NaHCOj; group exhibited significantly improved feed efficiency, protein deposition rate, and protein effi-
ciency, along with a marked increase in intestinal amylase and trypsin activities. The addition of NaHCO; also signifi-
cantly enhanced the intestinal total antioxidant capacity (T-AOC), catalase (CAT), superoxide dismutase (SOD), and
glutathione peroxidase (GPx) activities. Furthermore, NaHCO; up-regulated the expression of cat and gpx/a genes and
down-regulated the gene expression of keap/. Meanwhile, the expressions of pro-inflammatory cytokines (il-18, tnfa,
il15) were significantly down-regulated in the group, while the expression of anti-inflammatory cytokine i//0 was up-
regulated. In addition, the expression of hsp90, hsp70, and hsp60 genes in the intestines of largemouth bass in the
NaHCO; group was significantly lower than that in the control group. Histologic analysis of the intestinal tract showed
that high-temperature stress induced intestinal damage in largemouth bass, and the addition of NaHCOj significantly
improved the intestinal tissue morphology and up-regulated the expression of intestinal zol, jam, occludin, and muc?.
In conclusion, the addition of 5 g/kg NaHCO; to the feed effectively alleviated chronic high-temperature stress-induced
intestinal damage in largemouth bass by improving intestinal antioxidant capacity, intestinal inflammation, and intesti-
nal barrier function. These findings may provide a new perspective to improve the intestinal health of fish under high-
temperature stress.
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