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Tab. 1 Nutritional composition and raw material components of
high-fat feed (%)

SEUG J5UKl Experimental material — f%4) % f Ingredient content

£ ¥ Fish meal 14.00
K & #ASoybean meal 19.00
SZffRapeseed meal 14.00
i #fCottonseed meal 10.00
F KB EH#rCorn gluten meal 8.00
PAI# Meat meal 6.00
[H#3 Wheat flour 15.00
%k I Wheat bran 5.00
K& Soybean oil 4.00
DL-&ZMDL-Met 0.50
L-#{Z BLL-Lys 0.50
IR — S F5Ca(H,P0O,), 1.00
LR Choline chloride 1.00
2 4R B Premix| 2.00
K1t Total 100.00
Tk} E 37 B 2> Feed nutrient”

#ZE A Crude protein 39.98
FA )07 Crude lipid 7.31
K 73 Crude ash 9.53
7K 43 Moisture 9.83

ViSRG TR RHL A T R TR L 4 4 R
BIOUR, R B BRI E AR A R A, Skglik
& H LU R 4E4E3RA 3000 1U, 4E2E3C 500 mg/ke,
42 3D, 1000 IU, 4E%E KE 100 mg/kg, 484 %K, 20 mg/kg, 4
4 KB, 10 mg/kg, 424 RB, 20 mg/kg, 4E4: KB, 20 mg/kg, 4i4:
#B,0.05 mg/kg, N 400 mg/kg, L 200 mg/kg, 22 F4% 100 mg/
kg, MR 10 mg/kg, EHE 2 me/kg; METTRBULAN 0.02 mg/kg,
—IKIRIR : 4 mg/kg, WAREREN 0.08 mg/kg, TLKTRIRHN 2 mg/ke,
NIKIRER B 0.1 mg/kg, H/K R ER %22 mg/kg, B /K B BR ME %
40 mg/kg, LIKBRIREE 25 me/kg; “WPRFE 724 N SIME

Note: The premix used in the experiment includes vitamins
and trace elements provided by the diet, purchased from
Chongging Stejia Biotechnology Co., Ltd. where the content of
various chemical substances per kilogram of feed is VA 3000 IU,
VC 500 mg/kg, VD5 1000 IU, VE 100 mg/kg, VK5 20 mg/kg, VB,
10 mg/kg, VB, 20 mg/kg, VB4 20 mg/kg, VB, 0.05 mg/kg, inosi-
tol 400 mg/kg, nicotinic acid 200 mg/kg, calcium pantothenate
100 mg/kg, folic acid 10 mg/kg, biotin 2 mg/kg, KI 0.02 mg/kg,
MnSO,4-H,0 4 mg/kg, Na,SeO; 0.08 mg/kg, CuSO4-5H,0 2 mg/
kg, CoCl, 6H,0 0.1 mg/kg, ZnSO, 7H,0 22 mg/kg, FeSO,4 - 7H,0
40 mg/kg, MgS0O,4 7H,0 25 mg/kg; “The nutritional content of
feed is measured in values
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Fig. 1 Relationship between the level of sodium butyrate on the

weight gain rate of C. auratus gibelio
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Fig. 2 Relationship between the level of sodium butyrate to the
specific growth rate of C. auratus gibelio
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s il PR BT RR AN KT RO I 2 B R T AR
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T H A% % SZI6 4 (P<0.05); 11 i 7 AR e 40 e s
TE T RREN & BoN0.1%—1 2% 22 J AN i 2#(P>0.05),
H LE o R 2H A B 32 /=1 (P<0.05; 3K 4).
24 MFEAIERR

B A A T ASTAIALTIE PEBE T MR AN &
BT A R E A m AR S, BISTE T RN
BB N0.6% 2 2K T HAh 41 (P<0.05); T AKPiF

20¢ ¥:=0.5116X>-0.6877X+1.8122
Lsd s R=0.8558
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Fig. 3 Relationship between the level of sodium butyrate to the
feed conversion ratio of C. auratus gibelio

F2 ERERFRNTERANSEREE KRN
Tab. 2 Effect of sodium butyrate addition in high-fat feed on growth performance of C. auratus gibelio

T RRENYS 7K ~F-Sodium butyrate supplemental level (%)

WipIndex SBO SBO.1 SB0.3 SB0.6 SB1.2
WIUHR T RIBW (g) 20.72+0.58 20.45+0.56 20.32+0.92 20.57+0.33 20.86+0.28
ZARARFREFBW (g) 4]1.82+0.38" 41.96+0.61° 44.78+0.20" 44.86+0.32" 43.39+0.36°
i HEWGR (%) 101.96+4.12° 105.22+5.77° 120.63+9.00 118.14+4.97" 108.04+3.95
558 A4 K HSGR (%/d) 1.26+0.04° 1.28+0.05° 1.410.08" 1.39+0.04" 1.3140.04°
Tk R BFCR 1.80+0.08" 1.79+0.02" 1.60+0.04° 1.61+0.02° 1.72+0.03°
SR (%) 84.13+5.50 92.07+2.75 87.30+2.75 88.89+7.28 85.71+0.00
JIE# £ CF (g/em’) 3.49+0.26 3.65+0.13 3.7140.08 3.70+0.18 3.54+0.10
JH 1B 45 2 H ST 3.61+0.40 3.82+0.11 4.20+0.13 431+0.15 3.83+0.43

H: RPAFENFTFE @, by )RR EH LA K E 7 57 (P<0.05), BAT fabn thA [F] ) 7 B DUR R bRE 7 BER R 4L IR 22 53 A B

Z(P>0.05); KA

Note: Different lowercase letters (a, b, and c) in the table indicate significant differences (P<0.05), and the same or unmarked letters

indicate no significant differences (P>0.05); the same applies below
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ZH(P<0.05; % 5).
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BEE T RN S BT, = B L4 R
GST. CAT. SOD FMIGSH-PxfiE M X GSH S =)
25 A E BRI AR L 3 Hodr, 7ESBO.64H
SODAI GSH-Pxif 4 #% = » GSTAHI CATiE ¥ K&
GSH & & | 7 SBO.34H & /=y, 1M 8 & =B T
FREN & = 10 BT 2 I AR A 35, 7E SBO.64 B
FERIKER 6).
3 g
31 SEAMPRIMNTERANFERBIEKR, &
paeal: oA

feliZ 5k A K. REMIERE AR
W, AN BRI A A IS SR L R E R .. &
BRI 7 K AR — o R B bR gk 2R AR
K. EEATAHER B ZR ZO >
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94.5%FIAR B 1AL R 7.0% 11 w50 A Al ] FEE A 2= ]
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sHEASE. IEeaallESE. FERdE, T
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JIE ARk R R ) AR KPR R, HL S B AR A f R T D A
B S LghIEonHiF RS2 3 & B, 0.2% 0 T 1R
RSP BT DL 25 5 = LR X 1) B0 & A Y
R, RRACERE R T ERPA ] S 3 HE T 5 Y 6 fif
(Anguilla rostrata)m]\ B9t (Oreochromis mossam-
bicus)"". WAZEICH, K B 1 R R
ARKE, AR, TR 75 R4 K Ee
AR ECEER, R RBFIC, 5 BB FEA
FAho MR, TRV R T BRANEK =B W
T DL B T R T NARAE, T BRAE v — P B e
7 8 34 O\ T 24 . PR 2R AR, 7 2Tt 4 i A TR AR FH
T TRk, 5 ZRIRIEI, 7P A ATP A iE
ARG I Ak iR At Re &, DME A IE b R A
AR HK, Hara® P S2 50 R I, GPRA3FI
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Tab. 3  Effect of sodium butyrate addition in high-fat feed on whole fish, muscle composition, and nutrient deposition rate of C. auratus

gibelio
e TN N /KF-Sodium butyrate supplemental level (%)
FaFrIndex
SBO SBO0.1 SB0.3 SB0.6 SB1.2
4= Whole fish
#1 5 4 Crude protein 14.88+0.12 14.97+0.07 14.76+0.57 14.95+0.32 14.71+0.26
FHL i Wi Crude lipid 6.47+0.21 6.17+0.12 6.45+0.08 6.29+0.19 6.34+0.18
H K55 Ash 3.12+0.35 3.08+0.26 2.97+0.77 3.03+0.68 2.84+0.83
/K 4rMoisture 71.89+0.47 72.43+0.78 72.160.13 71.97+61 72.08+0.44
HLAIMuscle
#H % [ Crude protein 17.17+0.85 17.55+0.56 17.73£0.12 17.76+0.20 17.84+0.20
HR i Crude lipid 2.730.04 2.7240.05 2.71£0.03 2.70£0.2 2.71+0.08
FLK 5 Ash 1.500.06 1.47+0.08 1.47+0.09 1.5240.09 1.50+0.07
7K 43 Moisture 76.66+1.52 76.93+0.36 76.83+0.55 76.72+0.48 76.88+2.52
B IEY) BT % Nutrient deposition rate
A BT % PRE 23.5440.61° 24.53+0.50° 27.00+0.21° 28.02+0.34" 25.98+0.32"
HEBT VTR ZELRE 67.66+0.60 64.94+0.84 61.11+1.08 60.39+0.47 64.19+0.35
KAy UTIAZEARE 14.29+0.05 14.36+0.42 14.30+0.30 14.27+0.33 14.21+0.28

F4 SEEERDRMNT RN S & SREZEHE LR

Tab. 4 Effect of sodium butyrate addition in high-fat feed on intestinal digestive enzymes activity of C. auratus gibelio

T EENS 7K ~F-Sodium butyrate supplemental level (%)

¥ #rIndex (U/mg prot)

SBO SBO.1 SB0.3 SB0.6 SB1.2
% FIBGIG P Protease activity  2489.07£166.70°  2483.52+75.84°  2850.19+72.29"  2690.93+88.95°  2539.07+53.38"°
VEN WA P Amylase activity 114.45+9.77° 137.84+7.69" 140.30+9.77" 131.68+5.64" 135.38+11.28"

JIE 1D B T Lipase activity 421.67+38.19°

481.67+31.22°

472.22+18.73" 462.22+14.37° 458.89+29.64"




6 KR R

2025, 49(12): 122512

GPR4 12 JifF &9 405 N DT B 1 B8 22 AR B 1, 72304
JaiE R miE AN H AR S BT 2. T
T2 38 3 W00 GPRA3M T #2 T B AR IR 7 B cpr1 Al
cpr2FImRNAZK -, 33X P i g #4542 2 bar 4 T 17 1 B4R
A v i PR B, TR 3k 2 2R T A A BE B
FEM IR SN BE 2 R 2, XT T 4EFrfe &P
BAEEERSY, TR I8 o A=k
(1) RE T 5 1 i 3 2H 23 4 0 %o 5 s SR A R D
Y ie 730 Rt R A K . BRI, A SEg T
FRENTK -1 .2% ), S B ER ) 1) 14 B SR R e AR K
FRM TR EE TR SR H RS ERN TR’
BN INT R dE ) S AR, s e HROSOR] B SRV,
S FRAR T RERI 2 . DRI, 3@ b ds i T BR 4
A SR R AR K, SR IR T AL RE
3.2 SEEAMPRMNT M S IREELESE
= oA

R IE RS EESRE, LE A
FHIPDERTH AR T2 W T Y A I 1) A 2 1 9
SRR E FRYD T P AL AL 2] 7 S MEAE L, BT A
VE AT R T AE — 8 R BT AR T LA Y AR 2%
FEFEMR AL GouwE P w5t R N, g
HOHR H s o = 1 T BRI 0T 22 % (1 HH £ (Onychos-
toma macrolepis)lfy 18 £ [ B AT 7 B s v B A R
FRTHE o TianZs"7E B 470RL 23 IR N iE
TN, G TE A T R . AR SEES
KU, 7B R E T RS IMAKFE LF, miE
AR 2T ERRES, 5 FiRsegn g 1k
Bl XK TR TEBEEHTARRIE. &5
TH AT P, s Rk 7 ) 43 AR, I8 g

WiviAR . iR 250 R Nakanishi®s o 6 (0 B 95 %
I, T RN T S 5T APNFI GDHEE R (AR %
ZE 10 B, X T o G ) 9 5 I e Aot R 1 AR 9 Ak
WS RE 77 . Hoh, APNTE 1 2518 h 3 5 £ kB
N £ 7K A8, TIT R COR B 0 B5 (R L 1R, GDHK 7K
AL R TR AT B A P B T A RO 75 A
ik 4 A0 22 B 2R . LiuZe "7 A1 ShimakuraZe ™%
B, PepTI3ERTEMII 28 B b KB RIE, T Al
A Pep T1 3 (R f) 26 15 3 17 AR/ Bk 43 - 38 MR Ui
B B, 54PN GDHE R L FEAENL G E
5 AN IR A, o £ 288 7 3 % 2 14 5 W g
FOFIF . RIS, e R AaDRE A f SRR At T 78 J2 (g s
T JEURE, TR/ A S BE YR T 4 AR SO RE,
BT IRV I R A KRS, R T
T 4 AR AR T R, S B 40 B R
e A

33 EEARPRNTERANSEREAEESM
Rl A )

T A R G, AR 1k s B B A
FH, T A g £ 2 1) S 2 28 1 R 5 36 WL 370
AT, ASTAIALTIE 1 7] 332 2 e 7 a4 T
HE 4500 1 000, 224 T U 400 L 52 B0 55343 16F , " 41T K
RO N ML R, 0 AKP AT BER 36 E 3 B 12
DU 5400, R B LA S o — T s ™
Shalata™ VR 31, PR IN T BRANAOARRHA NS JE 8 %
JE R, I M ASTVE M 535 TR MK . iRyl
TF 5532 W, ARl AR R I (1—2) ikl T R4 0 2 1
%7 B A3 TP ASTRIALTIE P, 32 5 AKPI I
P FEARSZIGH, U T BREN Ae A1 7 & R A ifn i

x5 SREEARHRMNT RN RS RENME S CEFRRI R0

Tab. 5 Effect of sodium butyrate addition in high-fat feed on serum biochemical indicators of C. auratus gibelio

TERAMVN 7K F-Sodium butyrate supplemental level (%)

e brIndex (U/L)

SBO SBO.1 SB0.3 SB0.6 SB1.2

BREERAST 575.80411.09° 551.636.58" 534.20+8.76" 503.27£16.98° 537.11+7.31°
BN HALT 15.1440.73° 14.41+0.38" 13.26+0.87" 10.56+0.98° 14.4940.65"
TR R AKP 1.79+0.06" 1.81+0.12° 1.92+0.12° 2.24+0.11° 1.87+0.09"

6 SMERRTRMT BRI S & SREFT R AT E LR R AR

Tab. 6 Effect of sodium butyrate addition in high-fat feed on hepatopancreas antioxidant indicators of C. auratus gibelio

TN N /K F-Sodium butyrate supplemental level (%)

HiAsndex SBO SBO.1 SB0.3 SB0.6 SB1.2
AL BECAT (U/mg prot) 8.340.72° 10.020.83" 11.02+0.07" 10.47+0.27" 10.02+0.31°
A AL BESOD (U/mg prot) 91.79+3.15°  120.35+9.99° 144.97+11.29°  162.83+5.35" 154.247.05"
BH kS B YRGSH-Px (U/mg prot)  255.75£63.54°  537.36+123.83°  612.07+68.97°  810.34+461.27"  632.18+55.42"
BT kB B BEGST (U/mg prot) 0.41+0.12" 0.79+0.04% 1.09+0.12° 0.68+0.08° 0.53+0.08"
A H IKGSH (umol/g prot) 14.05+1.17° 18.23+2.18" 33.17+2.86" 16.48+0.47° 15.8+4.71%
7§ —BMDA (nmol/mL prot) 169.89+6.71"  136.56:4.93° 123.65+11.33*  108.6£15.25°  129.03£17.96°
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SODIUM BUTYRATE ADDITION IN HIGH-LIPID DIET ON GROWTH, DIGES-
TIVE ENZYMES ACTIVITY, IMMUNITY, AND ANTIOXIDANT CAPACITY OF
HETEROPHILIC SILVER CARP (CARASSIUS AURATUS GIBELIO)

HE Bo-Wu', ZHOU Yu-Peng', HE Yuan-Fa"?, ZHU Tai-De', LI Ying-Peng', LI Zong-Hao', HAO Yong',
ZHU Cheng-Ke1 and XIANG Xiao'

(1. Key Laboratory of Freshwater Fish Resources and Reproductive Development, College of Fisheries, Southwest University,
Chongqing 402460, China; 2. Laboratory of Aquatic Animal Nutrition and Feed, Southwest University, Chongqing 400715, China)

Abstract: In order to investigate the effects of adding sodium butyrate to high-lipid diet on growth, digestive enzymes
activity, immunity, and antioxidant capacity of juvenile Carassius auratus gibelio, this experiment selected 450 healthy
juvenile C. auratus gibelio with an initial body weight of (20.41+0.44) g as the research subjects. The high-lipid diet
(crude lipid content of 7.31%) with different sodium butyrate supplemental levels [0 (SBO0), 0.1% (SBO0.1), 0.3%
(SB0.3), 0.6% (SB0.6), and 1.2% (SB1.2)] were fed to C. auratus gibelio for 8§ weeks. The results showed that: (1) In
terms of growth, the weight gain rate (WGR) and specific growth rate (SGR) of the SB0.3 and SB0.6 groups were
significantly higher than those of the other groups (£<0.05), with SB0.3 group showing the highest values (120.63%
and 1.41%/d, respectively). The feed conversion ratio (FCR) decreased first and then increased with sodium butyrate
addition (P<0.05), reaching a minimum of 1.60 at 0.3% supplementation. The addition of sodium butyrate to high-lipid
diet significantly increased the protein deposition rate (P<0.05); (2) Compared with the control group, intestinal lipase
and amylase activities in SB0.1, SB0.3, SB0.6, and SB1.2 groups were significantly increased (£<0.05), while protease
activity was significantly higher in the SB0.3 group (P<0.05), and there was no significant difference between the
control group and the other sodium butyrate addition groups (P>0.05); (3) In terms of immunity and antioxidant status,
serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities exhibited a trend of first
decreasing then increasing with the increase of sodium butyrate supplemental level (P<0.05); The hepatopancreas
antioxidant enzyme activity increased first and then decreased (P<0.05), while malondialdehyde (MDA) content
showed the opposite trend (P<0.05). This experiment confirms that adding an appropriate amount of sodium butyrate to
high-lipid diet can significantly improve the digestive capacity, enhance immunity and antioxidant functions, and
promote growth in juvenile C. auratus gibelio. Quadratic regression analysis of growth performance combined with the
activity of digestive enzymes, immunity and antioxidant capacity, suggests an optimal sodium butyrate dosage range of
0.3%—0.67%.

Key words: Sodium butyrate; Growth; Digestive enzymes; Immunity; Antioxidant capacity; Carassius auratus gibelio
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