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1% £k, 351 38 2ok R AEC AR R T AL W B pHEL,
SO A BTG, 2 I 4 v AR A R RN 4 T
AR R, D4R RS, IS SR IR R K
A KRR BRI T DLVE A g 4 e
M RE R RUR , T W b B 200 Ff i) 34 5 RN K A2 4 1t
1125 N | 0 N & A1) | TR 3T RO M B T =R LB S
FE KA Bl W Y SR e BT A A N e 11 A
FEVEAL T R Ak 700 6T fe 32 RN Bt S5 Ak A DG 35 TR 1Y) 2
MU 7221 R A SR SR A BE 7 A RN R i T BB
PR YR AR R A 06 (BIansk . B, FER
fif), XM T LR T Yo b A LG (5] ansr ol
A ALY AR R B R IR ER AR AR
AR RRREYE, B IR Al R Iz R
iz —P2 ) ARSI AR R K, HR
ERXT A PERE . AT R gz Jog g e s 2 2
HAA 7,

KO B (Micropterus salmoides) JF 7= 3¢ H
IR SR, SRR g B, 20 22 80 4F:
REIEFRE, K H B HAT IR . ik
SR LE R AEREE, JEHRESE | BREE,
IR, BEE N T B SRR R B AL
Uy, KA B EZEFER R, 2021 FRE KO R
it G 7 R 70 7t B0, R R ER B XS K
TR SN YA A R ACR L, KR e IR E
EEINIRKAET IS, HEH AN IEAR LRI
TERH RS - ayfias . R, ARSCE IRy
Bk, BRUTEDBHIR AL R AKX R RS A K BT
AALRE I A B R R, S RAE R A T R
By HC A DR R A B PR L BRI AR

1 MESITE
1.1 SEIRfAR

ARSI ARy . GRS PR S R LR R,
Pyl . SRR SR E BRI, L=
AALT R AANETE R, BCH 5 4 AE A AR 1
b R ER AT [ AE B (P ED ARAE T
BN A5 59k 0%, 0.05%., 0.10%. 0.15% #il
0.20% (3% 1)o JFRHZ ML 30B, H M _ER 1
PRI A PR R i Ja i 80 H i, 4% MRHC L i
DR ZBERIRA, WA SIS IR AL
(SYH-100L, % & J7 ik TER & A RAF) IRE
5], B HRIRHLE BB AR N 2 mm B 2 A6 1R
B, T—20 °C 17 .
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1.2 A& RAFEE

KB [T H e sl AR AR, T
FNIEA K I R G AT 14 d B TR, BRI
PR RRZ AL (0% FRAGTR), LA I 57 8 P45 A
Tk, RS ET, R HRHTEEE 24 h, Pk
PEARGIER . oW TCth, FIHRIARE H (21.31+0.18)
g MK L 25 375 |2, FEHLARCE] 15 A BRIAHIE 5+
BEAH (300 L/A), 3 FRFEM N 1R, A4
W25 8., TEEAKRG T R 64 d 57
FESCES, R 3 ¥ (8:00, 13:00 F1 18:00),
ICREBE ., R RIKE R 27+1) °C, %l
>5mg/L, pH N 7.5£0.4, % % <0.3 mg/L, Wil
#£<0.1 mg/L, AW T RILK LRy E
A R HEZE 0 b, SCB0 R P e N B
JeAk Sy b E S sh A B AR ) /e BRI,
FF 4% BB VT K sh WA B s B 2 il 2 10 00 355 31 2
A7,

1.3 H@mEE

IR 5 S5 40 FE G AT, Rl AL PR BE ) b AR
(21.31+0.18) g WY K H &7 10 BB, M T4t Ak
DUBURAIRG T UL A . FRFESE TR 1 A5, &
KPMpEZEME, M5 T-20 °C ffAFF, TR
WA E . R TIEE WG, RO Beik g
24 h, ffi ] MS-222 (Sigma, Z5[) FEEE, Siit K
H RS, IR E AR, ATAKSR
TR 35 B2 o o BEMLER 3 R 11 SR ey T 4 £
HHUE SR T, BEHLE 10 J2 i R Ef bk,
F4°CHE 24h, 4°C &L (3000xg) 10 min, HL
W T80 °C ORAF, T ILTE A AL FE AR A G
PRI AE o R BRI 79 DK 10 R 5 pAy R o
FHF WA LA B i o BEMLER 3 R fl R 4R
T, (M 4% ZRWPEEEEREE, HTWhiE
HAY FWgE, BT RO EGTHTIES . T
EFIFT A ZHEY, T—80 °C 47, F T WG MEm 2
BRI RN T

1.4 EFREE

At EARFe EAR LD R AT RHERL
TR At R AT TR . KA R
105 °C HLAH T (GB/T 5009.3—2016) ll5E,
L A& LR E /% (GB/T 5009.5—2016)
JE, FHAE I i R [CHl 2 1% (GB/T 5009.6—
2016) M5E, K4y F 550 °C ket &k (GB/T
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®1 ZREARERREFER (TE)

Tab.1 Formulation and proximate composition of experimental diets (dry matter)

gkl 27 diet groups

ingredients 0% 0.05% 0.10% 0.15% 0.20%
H1/%  fish meal 50 50 50 50 50
XS AHK/%  chicken powder 5 5 5 5 5
TH1/% soybean meal 14 14 14 14 14
B k% gluten 3 3 3 3 3
TK/%  wheat flour 16 16 16 16 16
o-£F4EF/%  a-cellulose 4.55 4.50 4.45 4.40 435
/%  fish oil 1 1 1 1 1
/% soybean oil 1 1 1 1 1
KIGWENE#/%  soybean phospholipid powder 2 2 2 2 2
ik %  premix” 2 2 2 2 2
SALABEEE/%  choline chloride 0.30 0.30 0.30 0.30 0.30
W — & 45/%  Ca(H,PO,), 1 1 1 1 1
PUEALF/%  antioxidants 0.05 0.05 0.05 0.05 0.05
=AM H/Y%  yttrium oxide 0.10 0.10 0.10 0.10 0.10
RAEF/%  acidifier? 0 0.05 0.10 0.15 0.20
44T component analysis
K4 /% moisture 8.96 8.48 6.36 5.03 7.79
F®E /%  crude protein 49.53 50.08 49.75 50.12 49.83
HLAEWI/%  crude lipid 7.48 7.57 7.73 7.80 7.69
K5y %  ash 11.20 11.36 11.57 11.68 11.79
BBE/(kJ/g)  gross energy 21.36 21.12 21.45 21.41 21.25

1) THREFS A4 KA =25%10° TU, 44 KD, 7.5x10°~15x10° 1U, 4EERKE=23 g/kg, #E4EKK=0.25 g/kg, 4iEHRC=5 g/kg, 4irkbd
B,=0.48 g/kg, #iEFEB,=>0.75 g/kg, A FRB=0.75 ghkg, #EEEB,=3 me/ke, MBI =2 gkg, D-ZRAS5=2 g/kg, MHEE=0.1 g/kg, D-£
W& =5 mg/kg, MgSO, TH,0=6.5 g/kg, FeSO, 7H,0 2~36 g/kg, ZnSO, 6.0~7.5 g/kg, CuSO, 5H,0 0.25~1.25 g/kg, MnSO,-H,0 0.5~5.0 g/kg,
C0S0,-7H,0 35~100 mg/kg, Na,SeO; 9~25 mg/kg, Ca(I03), 125~300 mg/kg, ALEE=4.75 gikg, SALIETH<200 g/kg: 2) BRALF & IR =45%,
B LR =0.6%, JEHIR=0.6%, FHI=0.3%.

Notes: 1) premix contains vitamin A =25x10" IU, vitamin D5 7.5x10*-15x10* IU, vitamin E =2.30 g/kg, vitamin K5 =0.25 g/kg, vitamin C=5 g/kg,
vitamin B; =0.48 g/kg, vitamin B,=0.75 g/kg, vitamin B¢=0.75 g/kg, vitamin B,,=3 mg/kg, nicotinamide=2 g/kg, D-pantothenic acid=2 g/kg, folic
acid=0.1 g/kg, D-biotin=5 mg/kg, MgS0O,-7H,0=6.5 g/kg, FeSO, - 7H,0 2-36 g/kg, ZnSO, 6.0-7.5 g/kg, CuSO, 5H,0 0.25-1.25 g/kg, MnSO,4 H,0
0.5-5.0 g/kg, CoSO,4 7H,0 35-100 mg/kg, Na,SeO; 9-25 mg/kg, Ca(I05), 125-300 mg/kg, inositol=4.75 g/kg; choline chloride<<200 g/kg; 2) acidifier
contains formic acid =45%, fumaric acid =0.6%, succinate acid =0.6%, malic acid=0.3%.

5009.4—2016) M5 o FRPRHEORE A HAI 2 A 1 MR R BUEE S K D R T

fit FH 4 #1% (6200 Isoperibol Calorimeter, Illinois, BEARSAT ALY A, BEZ S um, A

FEE) M, TR R ZE A S A 2 7 e F L ﬁ*%—ﬁ*ﬁ (HE) Yeta, PR E F, XHis

LB TR TS (PE avio 500) 1l 5E . THLFUETTIR ] ImageJ AR i
A b 38 AT Fo B 7E M D E M H (TP). HRFVV\ GBS E Y A T

2 1 (ALB)., &L JH[E B (T-CHO), 1 % ¥ i 2K KA R HEZF PCR 4 fii ] Total RNA

110 [ B (HDL-C) . Ik % B A5 &8 11 IH [ B (LDL-
C). MHW =M (TG). AHF AW (AST). BN
A (ALT), BHEAM . IRV . wEmEg. R
HAB . BYAEMRET) (T-AOC)., ALYtk
fiti (SOD). A LA (CAT) M % (MDA) 5
FE AR 1R R ML R & (P ot AR W TR 5
FIY MAE , 05 773 2 BRGRR) & e I B A 7

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

kit I (Omega Bio-Tek, 3 [) 17| &2 Uil RNA,
fii FH R St 4 6 6 FE 3 (Nano-400A) il &2 RNA 1Y
W 54 . ff | MonScript™ RTI Super Mix
with dsDNase (Two-Step) S % Hi 5 & I 49y
B AT R H]) A A% cDNA, SZH}E i PCR (QPCR)
& A Line Gene 9600 Plus SZHf PCR & 4% (buM1# H
BB B A BR A Rl )o 20 uL AR Z 2 10 pL
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MonAmp™ ChemoHS gPCR, 0.4 uL iE [#] 5] #) (10
umol/L), 0.4 uL JZ[H5]14) (10 pmol/L), 1.5uL cDNA
BiMR, 7.7 uL JC RNA Ff7K o B W FR )7 AR 1
95 °C £§£E 10 min; 48Pk 95°C £542 105, ik 60°C
FREE 10s, ZEf 72 °C $F2E 30s, FLAPFFR 40 1K,

{# [ Primer Premier 5.0 131 0 2 % iz 18 %
E P E LA S 5 [ 9. R 1 28 B g K A8 [
F-a (tnfa), FHAENZE-1B (i-15). HAIEANE-

F2 OERIIOE

10 (il-10), #ALA K HF-B1 (¢gf-81). Kelch £ ECH
KM 1 (keapl). %% 5%+ NF-E2 1 H 5 2
(nrf2). 0 FE I E ALY B AL (sodl). % L &=
i (cat) SRR LA K f-actin 519y b st 2R £ )
FHE B A R A Bl & W (R 2)o B-actin fEH NS
FEA, il R 27AACT LB S Y 3 R AR X

Py g8

EEIIHFF

Tab.2 Nucleotide sequence of primers for real time fluorescence quantification

HH SIFHI(5-3") ol

genes primers sequence (5'-3") accession no.

tnf-a F: CTTCGTCTACAGCCAGGCATCG XM_038710731.1
R: TTTGGCACACCGACCTCACC

il-15 F: CGTGACTGACAGCAAAAAGAGG XM_038733429.1
R: GATGCCCAGAGCCACAGTTC

il-10 F: CGGCACAGAAATCCCAGAGC XM_038696252.1
R: CAGCAGGCTCACAAAATAAACATCT

tgf-p1 F: GCTCAAAGAGAGCGAGGATG XM_038693206.1
R: TCCTCTACCATTCGCAATCC

keapl F: GTGGTGGGAAGACTTATTG XM_038728593.1
R: TCCAGGTGCTTAGTGAGG

nrf2 F: TCACCAAAGACAAGCGTAA XM_038720536.1
R: CAGGCAGATTGATAATCATAGA

sodl F: AGACAATACAAATGGGTGC XM_038708943.1
R: CTTTGCGACATTATCTGCT

cat F: TGCTGTCCGCTTCTCCAC XM_038704976.1
R: TCCCAGTTGCCCTCCTCA

-actin F: TCCTCGGTATGGAGTCTTG XM_038712920.1

B _
R: GTCAGCGATTCCAGGGTA

R N (DS 1N g R N Jig 107 3% % (lipid efficiency ratio, LER)=(W-

1715 % (survival rate, SR, %)=N/Nyx100%

4 FE R (weight gain rate, WGR, %)=(W,
W) Wyx100%

FrE KR (specific growth rate, SGR, %/d)=
(InW~InWy)/t<100%

% B % (feed intake rate, FIR, %/d)=Wy/[rx

(Wt W)2]x100%

i) Bl Z %X (feed conversion ratio, FCR)=Wy/
(WWo)

NEJ# B (condition factor, CF, g/em’)=(W/L’)x
100

WEAAFE%K (viscerosomatic index, VSI, %)=(W,/
W)x100%

JFAFE %L (hepatosomatic index, HSI, %)=(W/
W)x100%

&K (protein efficiency ratio, PER)=
(W=W)(We<Wy)

https://www.china-fishery.cn

W (W<Wy)

H H T UTFL K (protein deposition ratio, PDR,
Yo=(W X T, W<l ) (W< W) <100%

A5 LA (lipid deposition ratio, LDR, %)=
(WX T W< L) (W< W) < 100%

T B 2 M L3 (ADCDM, %)=(1-D/F)x
100%

R E (ADCX, %)=[1—(D/F)x
(F/D,)]*100%
Krf, NURB) B Ny(R) 535 AR R B RW 6 2
B Wie) R Wo(g) 43 S AR I H I 4G ¥ &
Hd) MFRIEILI KA We) MR ETE; W N
ZORKHE ; Liem) AAREK; w (o) HHNMEE;
Wi(g) J9 JIF I 5 (%) 1) R HL R S i
W(%) R AEEPRLIG I & 65 1,(%) )46 A 2
Fa s T (%) WERMIRHER S 5; (%) N
PR L ARLAR U7 & 5 (%) AR SRR D %
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iy D(%) AR = E L TR R, F(%) h3E
ik =4k 52 &/, D(%) Rk 245
i, F(%) RS a .

AHI 5 A E A5 3 LU 4 AR 1 2% (means
SD) IR . K H SPSS 24.0 {447 R %
J7 2243871 (One-Way ANOVA), i [ Tukey [ EE
AT ZE R, WEKTH P<0.05, DA H R A
TR R BN TE bR, SR AT ARG A bR 1 2R
fys ) e A R RS

2 4R

2.1 ERUEFIRT R O R & KM gERN TR AL FI A AY

A1)

KRR R MRS R R, 4L RAFE R
To 25 (P>0.05) (£ 3). Rl FRALFR N8
W, RITBET AR E  WEBMR KR
BTt ma Ak, $97E 0.15% 4Lk (P<0.05).
0.10% F1 0.15% 4 A H% & 3 1 F KT 0.20% 4 (P<
0.05), 0.10% F1 0.15% 2H i T b 28 550 5 351K F X
HE 41 A 0.20% 4H (P<0.05). Fal KF i i 0.15% 1)
PR Ak ) W 35 3R TR B R R AR R (P<
0.05), A4 AR AR R BHE AR, Tl
IARERL AT, S5 REon, BRALHITE K O R ik
oY B AR AN 0.148%~0.152% (& 1), 454 1]
R T R ) LG L VRS LU RTTE AR L TG R 2 R

(P>0.05).

22 BRUFINKRORE <& ERANEFYEN
MBI

KRR BoR, RN s iR ik
FXF 4K 43 . HLER R S 3 i R W 3550 )
(P>0.05) (3% 4), SXHIRAIMELL, ERFPEIN 0.15%
R Ak o 25 4 e R DT & i . RO DURR R
FAg D5 TR (P<0.05)0

23 BUANADBHERDREWBLEY

A0

NIRRT PO b SN ES VN ER e S T S |
RIS 0 R T 350 el SR 11 R i o) R f KL 1 R 0L T
bR TC B E SR (P>0.05) (36 5). FRIAS AN 0.15%
18 T A 700 0 Bt v T K I R A X ARDR Y
FELIR U5 F1ELBE Y 2 I TH AL % (P<0.05).

24 BRUAFIXKOESHEEEENSE

A )R 1 SR B T L R T R U R
TEYETC W R (P>0.05), {H 0.15% A ik =
TR PO B YA (3R 6). AR H R
fiys iy 1 i B PG R E A I MR G B 25 S (P>
0.05), (R AL 7S I i i 2 13 il R 3 T P 2
OO R A e i o i A Al T T O e B R A R0 S
AR T, SE KR 0.15%~0.20%
INF, i 07 il 3% 7 S 2 e T BR A (P<0.05)

*3 BRAFINADOREEKIEEERERF AR M0

Tab.3 Effect of dietary acidifier on growth performance and feed utilization of M. salmoides

5 groups

e

indices 0% 0.05% 0.10% 0.15% 0.20%
YItGE/g IBW 21.33+0.23 21.2+0.00 21.33+0.23 21.33+0.23 21.33+0.23
AR HE/g FBW 60.42+5.04° 63.93+0.51% 67.54+1.98™ 72.8142.60° 66.56+4.90™
TEHE%R/% SR 97.33+2.31 94.67+2.31 94.67+6.61 94.67+9.24 98.67+2.31

WFER/% WGR 183.33+25.51°

K% /(%/d) SGR 1.62+0.14° 1.73+0.02
ER/(%/d) FIR 1.48+0.10% 1.53+0.05®
kL R% FCR 0.99+0.04° 0.98+0.03®
EARE PER 2.04+0.08" 2.05+0.06™
Wiz  LER 13.48+0.51% 13.54£0.37%
AT EE/(g/em’)  CF 2.08+0.14 2.06+0.13
Witk EL/% VST 7.37£0.63 7.52+0.59
FFALE/% HSI 2.62+0.90 2.88+0.93

201.54+2.38"

216.56+5.83" 241.2749.54° 211.87+19.56®

1.80+0.03" 1.92:0.04° 1.78+0.09%
1.44+0.33° 1.47+0.07° 1.64+0.03°
0.88+0.04° 0.87+0.06° 1.06+0.06°
2.28+0.10"™ 2.31+0.14° 1.91+0.11°
14.70+0.63" 14.86+0.92° 12.36+0.70°
2.01£0.12 2.07+0.16 2.01+0.10
7.40+0.74 7.26+0.52 7.23+0.65
2.87+0.95 2.79+0.78 2.70+0.68

e FATIOR NG 78 EARRIR 725 3 (P<0.05), T [,

Notes: Values in the same row with different superscripts are significantly different (P<0.05), the same below.
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260 y=—588.000x+329.470
250 F R*=0.472

240

30 | =377.693x+182.348
20 | R*=0.744

2
2
210 ¢
2
1

Y A%
weight gain rate
U ———

x=0.152

RS

feed conversion rat

0 0.05 0.10 0.15 0.20
FRAL IS I /%
acidifier levels

(@)

1.15
1.10
1.05
1.00
0.95
0.90
0.85
0.80
0.75

10

»=3.800x+0.2
R*=0.762

0 0.05 0.10 0.15 0.20
FRAL IS I /%
acidifier levels

(b)

1 KOESFEERMARNRBATEER
(a) 3 8 R SR P ERAL AN B TR, LA 7 R A y=377.693x+182.348 il y = —588.000x+329.470, Firf x 7Rk} v iR 1k 77 i
IR o “x=0.152" 37~ aRHER A 70 ) SR AR VR I o (b) T KL 2R 450 Dk o R A 00 V8 Jin i A T 2R AL, 905 5 R 43 3R y=— 0.953x-+1.000 1
y=3.800x+0.297, Hrt x RN MR ERAL AU N i . “x=0.148” 2 7% Tl RH R £ 77 1 fo (B R 0

Fig.1 Broken-line model of weight gain rate and feed conversion ratio of M. salmoides

(a) broken-line model between the weight gain rate and dietary acidifier levels; the fitted equations were y=377.693x+182.348 and

y=—588.000x+329.470, in which x represents the addition levels of dietary acidifier. “x = 0.152” represents the optimal supplementation of dietary acidi-

fier. (b) broken-line model between the feed conversion ratio and dietary acidifier levels; the fitted equations were y= —0.953x+1.000 and

y=3.800x+0.297, in which x represents the addition levels of dietary acidifier. “x=0.148” represents the optimal supplementation of dietary acidifier.

R4 BUFNKROBHLEERMEFYBETRENIME

Tab. 4 Effect of dietary acidifier on whole body composition and nutrient retention of M. salmoides

H5|  groups

Ei=tan

indices 0% 0.05% 0.10% 0.15% 0.20%
JK43/%  moisture 70.52+0.90 70.48+0.45 70.40+0.78 70.38+0.33 70.33+0.78
A /%  crude protein 17.30+0.13 17.34+0.56 17.54+0.16 17.42+0.43 17.360.06
HEMG/%  crude lipid 6.11+0.08" 6.88+0.12° 7.5340.02° 7.58+0.09° 7.87+0.10°
HK431%  ash 421+0.13 4.21£0.07 4.22+0.21 4.22+0.19 4.23+0.09
EAFYIAZE/% PDR 38.18+1.36™ 37.73+1.04™ 41.73+1.67° 42.0142.54° 34.96+1.81°

REW IR 2% /% LDR 91.43+3.23¢

106.40+2.96°

128.35+4.51™ 129.20+7.52° 115.88+4.93"

x5 BUFINAOBGEFYRRIEUEFIE

Tab.5 Effect of dietary acidifier on nutrient substance apparent digestibility of M. salmoides

7 groups

fakz

indices 0% 0.05% 0.10% 0.15% 0.20%
TH#/%  dry matter 79.99+0.54° 81.75+0.43" 84.11+0.63" 83.38+0.59" 83.57+0.21°
HIEE/%  crude protein 93.91+0.35 93.70+0.06 94.30+0.26 94.10+0.44 93.90+0.27
HAENI/%  crude lipid 83.73+0.88° 85.61+0.35° 89.03+0.46" 89.35+0.46" 87.07+1.50®
KMfig/(kl/g) gross energy 86.56+0.40° 87.83+0.53" 89.56+0.44" 88.77+0.25" 88.80:£0.08"

2.5 BRALSTIRS K OB IS L IsiRA R0
) A R IR A 7R X K 11 PR il v TP F ALB

TG 25 R (P>0.05) B2 A Ask v 2 A6 70 148 T 7k

I HE T, UE B TG A1 T-CHO & 1 ¥ e FEAIRS

https://www.china-fishery.cn

FhrEr, 2 EDRE R AR TS I 43 0 0.15% B
TG Fl T-CHO & & 35 fig/MH (P<0.05)., 42 1L
INIINIKSE A 0.15% B, 1% HDL-C & i 3 & T
X HEZH (P<0.05). ARDRFAS I fb 790 % K 11 3 B 1
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® 6 BTN A OREHCEE MR

Tab. 6 Effect of dietary acidifier on the activity of digest enzymes of M. salmoides
kR 27 groups
indices 0% 0.05% 0.10% 0.15% 0.20%
B stomach
HARF/(U/mg prot) protease 9.41+0.8 10.07+0.61 10.20+1.03 13.51+0.98 11.31+1.22
[ i E/(U/g prot)  lipase 4.79+0.45 4.71£0.38 4.94:0.05 5.00+0.26 4.90+0.84
VENEE/(U/mg prot) amylase 0.16+0.02 0.18+0.07 0.24+0.03 0.25+0.02 0.18+0.04

& intestine

JBi 2R F15/(U/mg prot)  trypsin 1 150.01+38.78

1214.50+62.94

1279.48+24.85 1277.69+58.43 1216.15481.41

g WiliE/(U/g prot)  lipase 3.56+0.48" 4.28+0.12" 5.51+0.19® 7.16+0.28" 7.09+0.57°
VENIHE/(U/mg prot)  amylase 0.14+0.01 0.16+0.01 0.17+0.06 0.16+0.01 0.1620.02
i LDL-C & # LM (P>0.05), FRALFIMAINE. PRI RFIM (P>0.05) (K 7).
HREARIN TS AST W2 (P<0.05), Tixtif i ALT i
F* 7T BEEUFIXTK OREEIEE LIEFRAE I
Tab.7 Effect of dietary acidifier on serum biochemical indices of M. salmoides
b 5] groups
indices 0% 0.05% 0.10% 0.15% 0.20%
MEA/(gL) TP 38.06+2.73 42224288 45211.79 42.63£1.09 45.07+0.38
H#EHA/(g/L) ALB 12.43+1.09 13.59+0.33 13.92+1.34 12.79+0.29 13.91+0.49
Hith =Eg/(mmol/L) TG 3.15+0.23" 3.04+0.43" 2.47+0.10° 2.3240.17° 2.38+0.38°
S HH[E B2 /(mmol/L)  T-CHO 7.93+0.27° 7.0420.59" 6.83+0.48" 6.53+0.44° 6.82+0.19"
7 % P i B A I & % /(mmol/L) - HDL-C 5.18+0.09" 6.1240.78" 6.45+0.11° 7.65+0.06° 6.22+0.08"
A% [52 g 8 151 HE [ B%/(mmol/L) - LDL-C 7.26:0.04 7.12+0.05 7.00+0.06 6.69+0.05 6.75+0.08
BHEEEEE/(U/L)  AST 11.52+0.22° 7.56+0.35° 7.92+0.44° 8.24+0.97 6.61£0.26°
BNHEEE/(UL) ALT 1.49+0.06 1.23+0.05 1.23+0.07 1.28+0.05 1.19+0.06

2.6 BRI ROREGMANRENIFNT

MR &N 0.10%~0.15% B, K
{5 101375 R 38 B9 T-AOC ¥4 1 3 25 T X% BB 40 (P<
0.05), BRALFIXT AR B EFIER T-AOC. SOD i
AT CAT 15 M JC 8. 35 % W (P>0.05), 5% B4 AH
Ho, FFIER) MDA & 5 78 B A6 708 Jin 41 8 3 IS
(P<0.05)o Ak s g A 751 XoF A 1 2 iy 375 0 A 1
) CAT 114 . MDA &= LU iM% SOD i H:76 i.
S (P>0.05). Bl A B Ak R0 B8 K SF 1 2 5,
Ji7 i SOD & PE e T 5 B AR, 0.10% 41F1 0.15%
2 SOD T 4 1. 3 5 X BR 4 (P<0.05) (3% 8).

FRE K 1 2R o A K PR RE A G &5 R, BEERT
0% #H . 0.15% 2H 1 2.0% £H i) i i 37 17 Pt S8 Ak
AH 56 FE ) mRNA 3k K S 0F 58 o A BE 28
0.15% F1 0.20% FRALF 9K 1 2R &5 1718 nrf2 . sodl
Fl car 1) mRNA FEA/KFH 255 TX R4 (P<0.05)

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

(1 2)s 0.15% 41K 1T B E keapl ) mRNA £ ik/K
S B FART X R ZH A 0.20% 4H (P<0.05),
2.7 BRIETIXT K O BESRAE R SHIFZ N

W U RS A E I, A A B
2H Y K PR B i S YR e AR Y b B R RN R A2
R S B W E S B A (IR R IRAL Y R
fipi i JE H% B L5 F0 S8, MR AE AR AT T Bz 4 i HE )
BT, MRS HEZ . RN 0.05%~0.15%
MR RIE, MRS E L, HEP K%, bl
HIRALFIK IR E R 0.20%, K OB 7 bk
RAnfaHE AL, BH B,

KHOBERGEEEESEILER 9, HXEA
AEE, REF IR 0.10%~0.20% 1Y 2 1k 5] i35 1
TN m B g 1A WLZ R BE (P<0.05), B3 0.15%~
0.20% F14) FiR Ak 751 f 35 158 i o 101 2R 4 i 3 9 K
(P<0.05). AiB 4% 6 96 B bt & 1R ek v B Ak 77 K S 1)
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® 8 BUFINAOREG AN

Tab.8 Effect of dietary acidifier on antioxidant indices of M. salmoides

257 groups

fakz

indices 0% 0.05% 0.10% 0.15% 0.20%
FFHE  liver
MBTEALRE1/(mmol/g prot)  T-AOC 0.37+0.02 0.46+0.08 0.46+0.09 0.50+0.04 0.45+0.01
AL ER/(U/mg prot)  SOD 216.39+10.34 224.87+24.50 225.54+24.06 229.88+16.74 228.41+24.24
A EEE/(U/mg prot)  CAT 23.45+1.44 22.05+1.42 26.66+2.10 23.19+2.15 21.47£1.21
4 ZF%/(nmol/mg prot) MDA 3.48+0.13° 1.26+0.13 1.2240.12° 1.58+0.24° 1.54+0.27°
1%  serum
MPUEARESI/(U/mL) T-AOC 1.47+0.04° 1.64+0.16° 1.68+0.08° 1.70+0.08° 1.77+0.05°
M BALR/(U/mL) - SOD 30.47+3.81 36.60+4.61 32.33+4.36 33.3543.19 31.00+3.83
HEMNER/(U/mL) CAT 2.51+0.03 2.82+0.03 2.89+0.02 2.53+0.02 2.55+0.04
7 ZH/(nmol/mL) MDA 24.71%1.39 24.51+2.40 23.53+2.31 22.29+1.93 21.46+1.60
BiE  intestine
BPUEALEE S/ (mmol/g prot)  T-AOC 0.13+0.03" 0.14+0.03° 0.19+£0.01° 0.19+0.01° 0.17+0.00®
ABEAL YL EE/(U/mg prot)  SOD 37.88+0.70° 42.35+0.83" 45.70+0.86° 46.59£0.91° 42.05+0.93%
A #/(U/mg prot)  CAT 2.48+0.29 3.31+0.25 3.38+0.33 2.78+0.22 2.70+0.06
7 —®/(nmol/mg prot) MDA 10.220.69 9.18+0.68 8.98+0.85 9.05+0.04 8.90+0.13

N
W

D
=]

Ju—
()]

—_
(=]

<o
W

LR RH R e dk /K
relative expression levels of genes

keap1 nrf2 cat
B A
genes
B2 BRI RKORSFENENEXERRIERNEN
ARG FEEFR R FE — R E AR R INE 2 %57 8%, P<0.05,
T

Fig. 2 Effects of dietary acidifier on expression of

antioxidant-related genes in intestine of M. salmoides

In the same gene, values with different superscripts are significantly dif-

ferent between different additive amount (P<0.05), the same below.

PR TR, 16 0.15% 4353 K (P<0.05).
AR S, SRR R B INK TR 0.15% B,
BT RO B GiE R AR R
o RHIN I 0.20% MIERIE I, REmIEES
B 5 0.15% LR EXE5, (HH2H T EER
(P>0.05).
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2.8 BRLFINI K O RESIHIE K AEE X EFE FRIA
AL

KB TE RAEAHICHEA (inf-o, il-1B. il-10
Hl tgf-p1) ) mRNA Fik/K L5 R R, S5XFHEA
HHEE, 0.20% 20K H B EGT7IE mf-o ) mRNA Fik
TR AR (P<0.05). FAPRHAR N 0.15%~0.20% FiZ
A ZRAR T il-18 9 mRNA Fik7/KF (P<0.05),
TR 0.15% FR AL R 1 3 48 % 1 il-10 B9 mRNA 3
KK (P<0.05). FRALFIN K T SR G 718 tof-p1 2
IKAKFTE 252 (P>0.05) (1] 3).

3 i
3.1 BEEFIRT A OB as4E KM aERY SN0

TEAME TS, SRR R AR B 7S K-
0.15% B, KOBET AR E | HFH R E
AR AP R . A DR R AL A AR ok
R, WERMAEE A KRR TR EE.
PRI, 8 B KE R A7) (0.15%) AT LA =5 K 1
RO AR DI E RN PEM iR T I &
BEARG, SC kDY, R SR A DR R Ak R 1Y)
EEWINEN 0.152%, ARSI 5 HBHA IR
AEFIXTIRM (Lates calcarifer)™ . Je% B HES (Ore-
ochromis niloticus)"'"*"" MY 8585 (Trachinotus ova-
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200 m :
_pm st 8 r-.«:«‘ 4

EhR BRI K OB R F R
1.0% 4, 2.0.05% 2, 3.0.10% 41, 4.0.15% 21, 5.0.20% #H; H.E 4efa, 100x; GC. #AR4if, MT. WUZJERE, VL. KEKE, VW.

REFE.

Plate Effect of dietary acidifier on the intestinal morphology of M. salmoides

1. group 0%, 2. group 0.05%, 3. group 0.10%, 4. group 0.15%, 5. group 0.20%; H.E, 100x; GC. gobelt cell, MT. muscular thickness, VL. villi length,

VW. villi width.

®9 BRUFIXNA OB FER SRR

Tab.9  Effect of dietary acidifier on the intestinal morphology indices of M. salmoides pum
. 4

R 7 groups

indices 0% 0.05% 0.10% 0.15% 0.20%
WUE B 88.45+6.29" 90.74+15.62" 100.87+3.78" 103.06+5.80° 102.96+7.08"
muscle thickness
BEKE 484.80+58.06" 525.17466.63" 583.97490.02% 682.01+74.22° 672.65+74.33"
villus length
BEE 113.95+6.60° 115.87+6.69" 121.80+9.27™ 129.61+£10.49° 125.98+10.41™
villus width

g
=

[,
(O]

<o
9

FE RS Ik K
relative expression levels of genes
(e}

mfa  d-f 10 gl
FHEA
genes
B3 BRI R OB E R AEE XA E T
ERFERIEHIF T

Fig.3 Effects of dietary acidifier on the gene expression

of inflammatory cytokines in intestine of M. salmoides
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tus)? AR AR RAE T — B, R0 b s s i R 1k
I (0.15%) 7T i 3 42 ey 21 T R0 RN R T R0
REAR R R A, FEm iR R &, XrRe R RN
RETREIIN IR Z — . DB RECHEN S
PRIFEATIT LRI G, Segm B, R 1 MR RpRL
HER AL A IE AN Nl 0.148%., RS, 1A
RHAS IR Ak 0] & 252 ) 1 2R SRR D i DU %
& B A R A 700 T LA S Ao 8 e A 11 P M £ R B 1
JST RN D5 DURR AR 1 K 1 R A 4

TEJe % % JE P R K VU &E (Salmo salar)®™
S, oK kB SR BT Ak S DR ) s
W R £ (R AL ) i ok . FE B (Carassius
auratus)™ Ta R RGN 0.25% 1T BR4M (BR AL 7)),
RIS T TP A& A E AR, SRR
ISR AL XS AN 7] 7K A= B 103 A6 538 10 52 W A2 AR 38
RZES . AT, TR 0.10%~0.15%
AR AL R 8 5 4R v TR T PR T S L AR
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FLERE B 1 R TH AR, R AL ] LL3E i 48
T A 1T SR i D5 R B B AT AL RE ok B R
BT AR MR, THALBETE M B 5L RE T
X, I A K RS, SXT AL,
TR R0 0.15%~0.20% [ FRIL ] B33 5 T
T8 G 7 B R . AR IR BEUA T A (Sciaenops ocel-
latus)P? . BLYEEES (S trutta caspius)!' TP &k BEZEAL)
PIEE R 28 BT, FRIMEES N 0.15% B9 iR fk 75 8
I K O R AR R PR, (R X E SR
THALRE ST, Mg E TR MR E A K M fE .

3.2 ERMEIxTKOEE5IMESE LIEFRAIS T

I35 A AL AR AR T DL B R ALK 25 2L L3 B 1Y
IRe FMLAARE SR E oL, DA 1] 422 S ke 3h 7 1)
et BLE . L% TP Al ALB 5 5 S e 1 ff A4
92 R R AR B0 DL S i = R R 3
P e B B AR 585 (Dicentrarchus labrax) Il
i TP ORI ALB & 5", 1 X (Cyprinus car-
pio)* il 15 1 TP Fl ALB B A 50 . 164 525
e, Rk R I R A R R T R A Y IfL T TP A
ALB JC i 3 520, 2 B RRAS IR 16370 X A [ 7k
A Sl I3 G N (4 R WA A 25 5 o T-CHO I
TG & i 5 JFEAg o3 A% UI A ¢, HDL-C ¥
JFFJUE &1 REL 5% 32 28 P AT, LDL-C 5 ATk P9 L[]
B G2 M, 3 A2 IR P A 7 i AR Ak S g
B s R, FEARSE S, xR AR L, AR
BE AN 0.15% BIRRER, IfE TG Al TC &
SRR, HDL-C & BT m, R
HS IR AR 70 T RE R T TR O R T A AR i
FGZ R, HEARBLEA fr ik — P09

1% AST 1 ALT J2& P4 8 2210 i 2 il , 2
S W B ) I A0 1) E B R AR TEIEHCIRASF
LU (G S R E A, I E H AST i
ALT (36 VGRS 7 B AR A /K, H 24 IE 41 2140
i A W IR R A e, AR Y AST A ALT
KERBEMB T, 518 07E N 5% 2 G0
S FEARDEE R, A MRS IR Ak A AR R K
SR T AST W6 3 TR, DB R
7 A 390 6 R 11 2 B O LA — s W PR P
DAL A A A R i b o, R 11 SRl e}
HER AL 7K FFE 0.05%~0.20% “HHL .

33 BRUFIAROESREIL RN

T-AOC. CAT F1 SOD i & Ak g 16 1 2 %%
aIE RO, BUEALRE T TR A
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K532 [ SRR R S Sy B H 2
H HEEAE SOD MR T 564k 7148 it b A
CAT ALt AL Sk — 2D o i ok f o F4,
MR B F 2, Wb g B A e84 . MDA J2
Jig BT ok S AL W, 5 Bl A g R 2 D AR DG
HeB Bt o esas ™ et ss e, EA
AR5 H ] DR S N R A R ARDARE A O T PR S R Ll
X FRAALRHEE 41 1) T-AOC . SOD. CAT ¥ PRI
) MDA & g, 2 BIARDREAS Iin iR 1k 570 AT LA =5 K
H R BB A L RE
AN i8 5 52 A AL RZ ), Pk Re

2 18 2 S B I D RE ™, R 2 Rl A 1k 3
A )3 SR 35 R ) Keapl/Nif2 {5 5l i 5
Y, Nrf2 JE: BT E AL R G0 0 B R Y,
1EH AR BRASTR Nef2 54085 1Y Keapl 454 1M
Al o 2 BN, Nif2 5 Keapl 73 &,
Nrf2 BB R J5 e R B A MOA% , 0SS A
G5, TR 15 P AL B R IR ARBF5E
PR s PR AR B T B ne2 BRI R
ik, N T keapl 3£ R, Fm LTI M]
AL R T M5 1 Keapl/Nrf2 {5 538 [k 842 1 if
FEAFRIR . AL, R ES N 0.15% BYRR 1L I
VT KO BA5E sodl F cat TR FIA, X 58
1B SOD Fl CAT ¥ 14 B & Ak 551 s i 7K S22 4k iy
PR BN, L LR, WPRHS IR 1k 5 AT BEs
it Keapl/Nrf2 {5538 B3R 5 sodl Fl cat IFRIA,
NIOE T = NI B E-S3 :E7 =R f =

3.4 BRUWFIXKORE7E RN

Ji B R WO SR R AR T IR
St S g 8 ) kB R R AR, 5B A
W SCRE JJAH S, A0 A T AT b Bz b B ARIR 4
L, S LA R S A AL, FT DA A R
PEINE AL, FEAR S, i H LU 20
LRI, FRARFA TR 0 23 el AR R 111 B foy fi 3 2H 21
TSGR o FaDRL S I i R A7) 23 1S I
PR MR, SRR A0 ) AT L ok 38 i 8 A
R A 45 o ok R O R A R IE AR T . LA,
Bifi 5 AL R AR TR KT R R R L R T A B A 4%
EBKE. QEREMIZEESZ2HE EAET
R dh, b 0.15% i fb 750 20 500 IR A K 11 28
BRI UZ R RS . 718 2% B 58 AR
A0 . 7ENT 85 (Oncorhynchus mykiss) W) 525 % PR,
TR B B, IR m AR A M £k
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T RO i A 1 I TR AT DA S Ak Y
SRILFIE SRV IHAL IR R X R T Y
WA, DT e £ S A A R PR Y,

Jo 286 1 S K e e T g 5 4 i PR T A 3 1 4%
i 7 %% VIAH OGP il 42 42 4 i PR (A enf-a
Fl-18) LA K 34 M4t 4 40 i K+ (40 il-10 F1 zgf-
B1) W F B RERRAR 1 S AE 7K, $E PR fig
F0, ARG, AR s I Y R Ak AT
NN NN Y 2R R | S R e R A
FERIZRIK, [FET BB R AR - il-10 FERRIR,
FE AR AL BE 5 R 11 SR 005 i i S I K-, 45
e, TERHE I 0.15% R AL 79 RE 5 412 55 K 111 2R B 1Y
BPET
4 i

T Ak mp A I R A 70 BB 08 3 ot 2 s R T B 1Y
HILRE S, fRHEHAE KRR, BUAN, BRILFIAERS
REAR A8 R 4E K-, FFil i Keapl/Nrf2 15 518 1%
PR OB B AL RE S, dER a2
e MR R PR R b R Ak TS K CF
0.148%~0.152%.

(3 7 BA A SUTC 52 B s 42 B Al 22 )
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Effects of dietary acidifier on growth, antioxidant capacity and
intestinal health of Micropterus salmoides

HE Jiaxin ', YANG Tingting', GUOKai’, GUAN Shu’,
GAO Weihua ", LUOKai ', CHI Shuyan*

(1. Hubei Key Laboratory of Waterlogging Disaster and Agricultural Use of Wetland,
Yangtze University, Jingzhou 434024, China,
2. Animal Nutrition and Health Department, DSM (China) Co., Ltd., Shanghai 200020, China;
3. DSM Greater Asia Pacific Department of Animal Nutrition and Health, Singapore 159471;
4. Guangdong South China Sea Key Laboratory of Aquaculture for Aquatic Economic Animals,
Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: In order to explore the effects of dietary acidifiers on the growth, antioxidant indices and intestinal
health of Micropterus salmoides, five isonitrogenous and isolipid diets containing different levels of acidifiers (0%,
0.05%, 0.10%, 0.15% and 0.20%) were fed to M. salmoides with an initial body weight of (21.31+0.18) g for 64
days. The results showed that the weight gain rate and specific growth rate of largemouth bass increased first and
then decreased with the increase of dietary acidifier level, and reached the maximum value in the 0.15% group.
Compared with the control group, supplementing 0.10%-0.15% of dietary acidifiers significantly decreased feed
conversion ratio, and significantly increased whole-body crude lipid content and protein deposition rate. The
apparent digestibility of dry matter and gross energy of M. salmoides were significantly increased by dietary acidi-
fiers (P<0.05). The intestinal lipase activity of M. salmoides was significantly higher than that of the control group
after 0.15% of dietary acidifier (P<0.05). Compared with the control group, the triglyceride content and the total
cholesterol content in the 0.15% group were significantly increased, and the high-density lipoprotein cholesterol
content in the 0.15% group was significantly increased (P<0.05). Serum total antioxidant capacity, intestinal total
antioxidant capacity and superoxide dismutase activity of M. salmoides were significantly increased (P<0.05), and
serum aspartate aminotransferase activity and liver malondialdehyde content were significantly decreased by addi-
tion of 0.10%-0.15% of dietary acidifier (P<0.05). The villus length, villus width and muscularis thickness in
0.15% group were significantly higher than those in the control group (£<0.05). Compared with the control group,
supplementation of 0.15% of dietary acidifiers significantly up-regulated the mRNA expression levels of antioxid-
ant related genes (nrf2, cat and sodl) (P<0.05), and significantly down-regulated the mRNA expression level of
anti-inflammatory factor (i/-10) gene (P<0.05). Supplementation of 0.20% of dietary acidifier significantly down-
regulated the mRNA expression levels of pro-inflammatory factors (tnf-a and il-15) genes (P<0.05). The results of
the broken line model based on the weight gain rate and feed conversion ratio showed that the appropriate supple-
mental amount of acidifier in the diet of M. salmoides was 0.148%-0.152%. In conclusion, supplementation with
0.15% dietary acidifier could promote the growth and antioxidant capacity of M. salmoides, reduce intestinal

inflammation level and maintain intestinal health.
Key words: Micropterus salmoides; acidifier; growth performance; antioxidant indices; intestinal health
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