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ARERT BRI EREKMERE. MBEEILIEFR.
FAEFEBR TS 7S B Pep T1 B E FRIE RS2

w152 72 L2 22 . 2 w 1 1*
FaMT EWE EAX ¥ owm A B REX K OE
(L R AR R E BRI BB, KV 410128; 2. Kb 2R AR S 3AEE TRE 20, KAEZE TR S

sun SO P P SR, KT 410022)

T UIYIIH AR (18.65+0.21) gy ta N SEIGXT G, W AN [AIVR FE 9K 2R T IRANNT S ) AR KRB . I
AEARARAR . 7 TE B RS B Pep T 5: R 332 R 52 M), SI2 56 L e 1) 6 i 45 220 45 i 110 0 £ S0 A, 70 SE Rk il A
SERIN0. 0.1%. 0.2%- 0.4%. 0.6%F10.8% ML KB T BEN, LLARTRIN T BRANAL Nt B4 . S2Ih7E % 4h
WA AT, B A TR RS0 B R M, RN AR B EE S 30K, FRAARS [M60d. 45 KM MYUKGR: T IR INE A
0.6%Hf, Fif 3G F R KRR, JOE R SR B 5 2 s Tk R 4H.(P<0.05), BB Bl i ik A
KPR 5 TR, 5o it 7w Bk 88 (& B W 2 N (P<0.05), FR R RS i 56 HEAE EL 2 2 PR IR (P<0.05), 2514
HEMGOT. AHEHAMGPT I H &M & B S IBMLLERAE S, ME S EERSELADTEERS &
HH EL X6 B ZE 388 T 5535 (P<0.05), 71N Hh Pep T1JE IR 3808 80472 5 2. 35 (P<0.05) o FETAR R IR INIE E A K R T

PR B I DR 37 i T R AT 5 v Jl Pep T1 0K 8, AT (et HL A G, 38 B AN 090.6%

KPR YUK T AN, Hf; MSAibiets, WMEERIEE; PepTl
X EHS: 1000-3207(2021)04-0764-10

hE IS S965.1 SCARFRIRED: A

b & 5 i (Ctenopharyngodon idella) 7% 58 7]}
B ISR LB A 8, R ) ) 75 SR BB 4
K, T AN R AW EE T, dRRE T R A4
SR FH A A A1 e B0 R AP A e 1 A SR PRI A 7
B, WG SRR A SS . A A A
OB WA T QITRDRLRAR, [R] I, 38 AT DL figk fi Fy
Heas Bk, g PR 20k 75 K38 b i 5 Bod B Al B
5 SR ) — 2 71y 8 YRR IR AN A s e e i
— MR UL, BEAE A R R B AR TS, FRIE
BN LR e 0 BEAIG, A ma Vv TR K A
I 38 25 5| e f0 28 i i R e, 7™ B 23 3 Rt 2R A
T=o BT, AR R — A B H e K
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FWT RS AL A s FEAT S (Sus domesti-
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RI, T IRANREFFASSh Y R R %, 3 my FL g
R, [RINF, R T S 3E N AR AR A
5, R EpLA A S T K s R R
W RN ) SR A AR DGR . B FT R B, O T
AR 63 (Acipenser baeri)! " FIFG 3 A X R (Litope-
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4 A KGR T BRI T AR AR RE . TS E AR bR B RIS S Pep THE N 1% 521 765

FERF R, AT 50 AR e i s 50 B H A TR
IEFR R = SR ROR, — MRS R AR AR T TR
BEAT % Fh LI AL, A3 5 A IR H At
AHIE S AULLE B A TR} R A TR 7 R R oK S R
TEW(EFRS: 2L2016103275999), F)H F55E 4 K
S, R OK R T BRI L A KRR I
AAIER 738 b R0 BRI R BE X Pep T1 S R 3Rk
[R5, AT KR, T R BN 7 S DRl (1 A
RAEE e SN e T

1 MR5ERE

1.1 SEIiER

2 HR B85 77 75 0K, D 1) 6 R 25 RS RE 1 Sk A
Tk}, 75 L B RL oA BRI GOR SRR T IR,
AWINE N0, 0.10%+ 0.20%+ 0.40%-. 0.60%FH
0.8%. 52 KH AN 1K S5 R RIURL ta) B} R 28 K A LRy
W5 140 H TR, B PR R 7S . 39 5). iR
BHEE A R BGOSR RIE TR A, ek g 45y
RGBS E, B INR SRR R K E
2 a5 EM AR 78 4IRS, SR SLX-80% (-
PR LA ) 38 A PR 2 =) SOk SRR Rz, kAR R
2.5 mm, BT M. SZWHEEC T W& 1.
12 FIMEAFEER

S O6 FH B £ W e 4 K S R 2E AT AT BT (I RS
Ky A, F7R 5 S50 TE K Vb 22 Bt 0 6 77 5 2 b gk
A7, WG #1200 cmx 3200 cm> 250 cm,
AN FE P 1 SR 50 R AT 4R 7 B R (18.65+0.21) g, K/
A% — B H, MR 60d, SEIh e b FE, B A
B3N EE, AT BN Xt B4, HoAth
MEFRAL, AR5 0.1%4 . 0.2%4H . 0.4%4H .
0.6%Z1F10.8%2H . K T8: 30, 12: 30F116: 30#%
M, RER MR IR, $ R A 3G, 5 — A
P AR T B 5%, DS R I %, 75 5 %8
AR IR . BRI F RS . KEA R
By PR E AR IR
1.3 HmRESHHh

FECMREIERR  EFRFSLIN AW, i
AR 24h, 7 A RR R AR S AR E il S L
e, F A o v A A R 2 ) B A P35
HLORIER. WER, BEARICRAR g EK
K, BANMAEREHLEH 6 526, 4 ) I & Ak
AR, IR ARTHE WA . TFEARWT:

R (SR, %)=4 R B EUATU6 B 2x100;

14 F R (WGR, %)= 514 55 —49) 3514 7 )/ 4] 24)
R FE X100,

A RCR (PER) =K1 H /(R & B xRl & A

F=1 ARECH RENRER%THR)

Tab. 1 Formulation and chemical composition of feed (% dry

matter)

T ERANER I Sodium butyrate level (%)
Tji H Item

0 0.1 0.2 0.4 0.6 0.8
TR
Sodium 0.00 0.10 020 040 0.60 0.80
butyrate
T3 Wheat
flour 800 800 800 800 800 8.00
JEMIStarch  20.00  20.00 20.00 20.00 20.00 20.00
Rt

Soybean 32.00 32.00 32.00 32.00 32.00 32.00
meal

i ¥ Fish
meal
R ]
Soybean oil
fiifiFishoil  3.00  3.00 3.00 3.00 3.00 3.00

SARETR

Choline 0.50 0.50 0.50 0.50 0.50 0.50
chloride

BAETR — S

Ca(H,PO,), 1.00 1.00 1.00 1.00 1.00 1.00

28.00 28.00 28.00 28.00 28.00 28.00

3.00 3.00 3.00 3.00 3.00 3.00

FRAF4ER

Methyl 300  3.00 3.00 3.00 3.00 3.00
cellulose

TR R

Premix 150 150 150 150 1.50 150
5 7% 4> Nutrient content

HEA

Crude 31.80 3230 31.60 32.72 32.15 32.06
protein

FH e

Crudelipid 952 936 942 956 961 937
HHIK Sy

Crude ash 767 782 769 771 765  7.66

i BHRB AU RET SR At 4842 R A, 20000 1U; 484
#By, 300 mg; 4E4EEB,, 300 mg; 4i4EEB,, 400 mg; 4K
By, 4 mg; MHERME, 2500 mg; 44 FRC(35%), 1200 mg; 72 FRES,
1000 mg; A%, 3.5 mg; WIEE, 12000 mg; MR, 3500 mg; 4EE
%E, 800 mg; 4E/E KK, 300 mg; 4E/EED, 10000 1U; Filzs:,
600 mg; BRER%E, 1100 mg; BRER%R, 800 mg; THERET, 1.5 mg; I
liER, 5 mg; FALEI(10%), 50 mg; BRERHA, 100 mg; FALEH,
100 mg; {43, 150 mg; #4173, 4586 mg; HLAELT, 200 mg

Note: The premix provided following per kg of diet: vitamin
A, 20000 IU mg; vitamin B;, 300 mg; vitamin B,, 300 mg;
vitamin Bg, 400 mg; vitamin B;,, 4 mg; niacinamide, 2500 mg;
vitamin C(35%), 1200 mg; calcium pantothenate, 1000 mg; biotin,
3.5 mg; inositol, 12000 mg; folic acid, 3500 mg; vitamin E, 800 mg;
vitamin K, 300 mg; vitamin D, 10000 IU; MgSO,-7H,0, 600 mg;
ZnSO,4-7H,0, 1100 mg; MnSO,-7H,O, 800 mg; KI, 1.5 mg;
Na,Se0;, 5 mg; CoCl-6H,0 (10%), 50 mg; CuSO,4-5H,0, 100 mg;
NaCl, 100 mg; wheat midddlings, 150 mg; zeolite, 4586 mg;
antioxidant, 200 mg

&),

F 2 A K E(SGR, %/d)=(In KK E-_In¥] &
H)/SEIG R A< 100,

FENH B (CF, g/em’)=1A H /414K>x100.
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J7vk: KPR E &4 (2300, Kjeltec Analyzer Unit)
I 5 HH 2 1 RELTE ok R IR 321X (SoxtecSys-
tem HT6, Tecator, Hoganas, Sweden)iZE 1T %€ ; 2K 7
76 3505 7 550 C ) RE3h, SR R VR 5E
BIBARY 53 B B FhER TS 75 E FNPep TI R E Rk
=ERNE  BAEZENUEe RS, 2 EETE, A
4% % JE R HOIAT B8, AR, FFAHE (&
TR, 2R BB SR A IR, FETE40F5 5% T B
HUEROMRA KB, &FRAEENEE, NEL
BB E IR, i ESE SRS RER T
B, FANEESI6REM, UK FAREIE B R, 62
1 FIEH LA AR, TRE S N P R
BEAERINE  EFREEREEAN
IR 4 i BT 6 8 1, 8 e MR B LA, R I A e v
BRER, U b M kA, A4 C ik
6, YX H FEppendof5804R & 20 & .00 L, 4°C, 4000 1/
min &0 10min, _FJZ MiE-80°CRAFAFI . H H Az
T170AZY A B A=A & Ak M L5 A B . AL
AWM. BN IR R B EE5
&7 B S &R AN E I35 R A J7 1 [
b, BREL100 pL Iy A S I 100 pL T4 1 201,
IR IR S, B4 C VKA Fh20min, JTTE & AR,
12000 r/min 0> 10min, X E{% 100 pL, fIAS0 pL
PITCHIAFAIS0 pL= 2%, iR EEEAT4E1hG
12000 t/min & 0> 10min, EiFF I AN ZEFIR IE S
Bk % IR 51 J5 5 B 15min, 25 BRI ATA 7], BUTF
JER, R i RGO AT I 5 L3S e 25 R
KAEEZS G RERK PLGenBank
A PepT1 3 K Ak #E, A Primer Premier 5.030 4%
TH2J6 e |BPCRGI W), FF Wik & 8 5k [ -
actin5|'"MVE RN S5, 51K EREDIRHY
BIRAF AR p-actin LiE514): 5-GAACACTGT
GCTGTCTGGAGGTA-3', Fiii54): 5'-CTTGGGTT
GGTCGTTTGAATC-3'; PepT1 Ly 514): 5-TGCT

CTTGTTGTGTTCATCG-3', Fif#5|4: 5'-CTCTCTC
TTGGGGTATTGCTT-3',

BIBA S RNAIREN K cDNASE—#MEHR W
HIE A LR, AR AR AT, % BBOMEGA 2
HEZNA"™ Total RNA Kit IT ({0 36 B4R ERNA, Ff
HL 2 ERDNA; cDNASE — 55116 i 1% 8 Fermen-
tas/A #] RevertAid'" First Strand cDNA Synthesis
Kitik 7l & 7 V23 AT [ 53 &5 i e DN AR — %, —20°C
RIFEH

B7 18 Pep T1 5 E FRiA K B 53 #7 Sk
KennethZ:!" ™ {4538, % %8 6 72 BPCR T 0 &
PepT1 5 [R5 J 18 w1 (AH X R I &, #% I TaKaRa A
HSYBR® Premix ExTag ' I & Bifk &, 75
Thermofisher/a 7] Quant Studio 3 Real-Time PCR
System SZ I %¢ 6 & B PCRAY L k4798t 2 &5
Mro RMAKZ A0 : SYBR Premix ExTag 12.5 pL.
LIEEI90.5 L. RUHESI490.5 uLy ¢cDNA 2 pL, H
ddH,OfM R R 2225 L, A FERERE IR "M
FEFF: 95°CHiAEM30s, 95°C A M3s. 55°CiB k25s.
72 CIEM 1sFLA40MIEIR . ARFEY 16 il 28 15 H Crfd,
FAR2 Y [AACI=(Ct, B I F —Cr, % K 3
P-ACHHERE ] TR Feik 7,

14 BEEZITHH

KSR T 5256 B 2 DL T 21 £ A v AR
(Means+SE) %7, FHEXCEL(2013)#E47 8 f1 3L A
giit, FISPSSHAE(RA17.0)iE AT Gi it 0 M. 256
B 2R, AT R E 5
(One-way ANOVA); #5550 20 W] 22 7 . 3%, T3t
{TDuncan’s% H LtL4%; PAP<0.05HE N EEMER.

2 4R

21 PARERTERINNESS KM
W 2 Frow, L 60d) TR 525, 0.6%24H 5,
AIREE, B A RIS S HMWAA REER

®2 MREBRTRANES S iRt sERRE

Tab. 2 Effects of sustained release nanosphere sodium butyrate on the growth of grass carp

i H Item of FR 20 0.1%2H 0.2%2H 0.4%4 0.6%4 0.8%2H
Control 0.1% group 0.2% group 0.4% group 0.6% group 0.8% group
WILEHIEIBW (g) 18.82+0.17°  18.86+0.51" 18.49+0.27° 18.60+0.13" 18.80+0.95" 18.35+0.66"
ARILIEFBW (g) 40.4242.12°  42.12+1.97° 43.64+1.67° 48.13+2.36° 60.49+6.16° 37.11£2.24°
FRIEZESR (%) 94.66+1.22°  95.16+1.21° 95.13+2.15° 98.05+1.23° 100.00+0.00" 93.66+2.35°
BT RWGR (%) 114.77420.11°  12333+19.95°  136.02+31.12°  158.764+29.28°  221.76+56.33° 102.23+18.67"
TR RBFCR 1.95+0.13° 2.25+0.16° 2.31+0.19° 2.3240.16° 2.02+0.21° 2.65+0.18°
R A K SGR (%/d)  1.27+0.05° 1.33+0.06" 1.43+0.01° 1.58+0.07° 1.94+0.12° 1.17+0.11°
H AR PER 1.48+0.02° 1.110.04" 1.2540.03° 1.2940.12° 1.45+0.06° 1.02+0.11°
JES# B CF (g/em’) 1.82+0.12° 1.81£0.15° 1.9240.21° 2.01+0.16° 2.2240.19° 1.72+0.24"




4 34 FERMNAE: GUKSERE T IR R AR R RE L IS AR AL R R

TG R R T ZS Je PepT1 34 IR 21K 1 52 767

(P<0.05), HAh%AbHE 2 (R ERA FE T, (HEA B3 2
S HE R R AR KR AR B3 AN FE bR 5 T, [
TERAA B MR BE T v LA T S BRI, 0.2%.
0.4%F10.6% 41 FL 1 3% 8 26 41 L X IR 235 7t =,
PLO.6%ZH T 5 fi% 4 2 (P<0.05); AHEEXTRELL, % T 2
FNAC TR (TR R BOHE A FIREEE T A, 1H0.6%4H
Ext RT3 2 5 (P>0.05); & T FRENALFEZH 1)
B RCR AR H FE AL AN R BRI, 1H0.6%
M5 IRHREIT, T8 2 % 7:(P>0.05).
22 RERTRWMEGFERERLSHEN
N 3FTIR, GOKGERE T BRAAX B I 98 &
FEFBR B IR L e, B T RRAVIREE T, B

¥ 8 v B I T HE N, BB VR BB AR R (B 1)
AR GRS T BRI N N0.6%, 12k E
mESRERENIVER K, SO EEER
(P<0.05), 47 33X AR B sy Ut B 7 47 T 520 o
23 HRERT BN E S MBS WsRrIS0
Wk AR, FEGEN R N0.4%F10.6% T FREA
ZuFEREEAMETREASE, MHEM0.1%
F0.8% BN = BB KNG 2 EASTE
(P<0.05); Bk & iﬁﬂ'ﬂ‘:o A% N 2H 55 50 REAH 3%
B ENEZE R U, HADS IR E A & &5 5
FHR TSI LL(P<0.05); -8 N4 HI 43 174 s It A
A F R A A L TR A 85 B R B, 24 T RN

®3 MRERTERINNE&BHERELSHRNE

Tab. 3 Effects of sustained release nanosphere sodium butyrate on intestinal mucosa morphology of grass carp

5 Hitem X AL 0.1%1 0.2%41 0.4%2H 0.6%2 0.8%41
) Control 0.1% group 0.2% Group 0.4% group 0.6% group 0.8% group
?ff)“f; S Villus height 1196 65:31020°  1122.324295.32° 1322.50+289.3°  1650.23+265.02° 1704.06+316.15 ¢ 1067.85:329.69°
Eﬁf)’*’gcrypt depth 744543434 69.78+26.42°  52.93+7.12" 49.08+17.42°  49.02+7.96° 83.56+70.17°
R 5 W VR . . c d ) a
Villus height/Crypt 15.1341.19 16.0842.01 24.96+1 86 33.6142.23 34.76+2.11 12,7843 .24
depth (V/C)

ﬂ‘»

I 1 AN[RAb 3 4 2 1 i ﬁ?ﬂiﬂﬁﬂ% SR T EEB(x40)
Fig. 1 Intestinal mucosa morphology of grass carp in different groups under optical microscope (x40)
R4 RERT RN ESMEE HIERHFNE

Tab. 4 Effects of sustained release nanosphere sodium butyrate on serum indices of grass carp

% B Ttem Sof HE 4 0.1%%1 0.2%%1 0.4%41 0.6%2H. 0.8%41

Control 0.1% group 0.2% group 0.4% group 0.6% group 0.8% group
HEATP (ZL) 23.89+0.89"  21.13+1.01° 22.6540.96" 25.23+1.11° 27.01+1.56" 20.76+1.34°
BRZE FIGLB (/L) 10.50£0.86°  10.01+0.79° 9.96+0.56" 10.80+0.99° 10.13+1.01° 9.12+1.21°
REEZMAST (UL)  42.17£3.69°  3021+4.21° 25.92+3.89" 40.60+3.88° 42.1043.74° 28.29+3.45"
BEHEEMALT (UL)  1032£1.10°  7.17+2.13° 5.69+0.98" 8.89+1.87° 10.28+1.56" 5.4442.01°
JRFEZUN (mmol/L) 3.87£0.31°  3.90+0.28° 3.424025° 3.2120.14° 2.98+0.16" 3.89+0.14°
& PEGLU (mmol/L) 42240.70°  3.76£0.54° 3.92+0.130% 3.28+0.31° 3.29+0.19" 4.1240.20°
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ISR N0.6%, X 24N B I 2 & 5 0 2 22 S oA
B3 (P>0.05); MG H IR EZRA S EbE T BRI E T
o T 25 B N B . R IR AAE0.6% T BN
In2H & Bk B B R AE (P<0.05); 78 L7 b 4 2 k&
BAE T ERANIR I 0.2%10. 8% 5 5%f fE 4 T i 35 2
F(P>0.05), T H 43 S5-I T2 0] 5 2K T 5 HR 4 (P<
0.05).

24 PHXRERTRINESMEFESSERNSMN

B TR EH s P H RS B E TR
WRPE T TR s N, HLAE0.6% T BRAN AL R 2 ik
i, BE N, R A 2RAE RN
BR(E 5). R EALFREIER B EA A
%A, 750.6% T FRENAS N2 5 %) B2 22 57 Wl 3
(P<0.05).

2.5 PRERTRWANEEMEPepT] mRNAR
oz opAl)

BE & T ER MV 0 L B 19, A8 i3 Pep T1
mRNAMIX RIEEE A E 2); K, PepTl
mMRNATERNIN0.6% T BREAMR B i AH X Rk & i i,
550k FR2H 2 57 525 (P<0.05), FE7RIN0.8% T FRANIK
JEE B AH ) 2R B B (IR (P<0.05)

3 iTig
3.1 KER TR Bt 4 KM BE B2
TEARSZIG ) AR AN [R] T ER AN A B 40 Y A,

BRI R B E R R AR K SR B AR Lt R
M — E R, MR R EA SRS
PR BT, TR 2 R, LI LL0.6%H AR & 2
=, BPEGFERRINE BIPKERTRWM, &
PRt B s %, (R AR K. TR A
KUMRAEBEIY L OHEADIRIRIE . Tk
TR S R IR, 2GR VR AL ) T R A T W
RE WS AR KRR . LR, ZEBT 935 /N
BEAGEDRE AR I T BR 0 oA K v B AR R AR
YA (R E, HX AT B R AR AN 2 A
s, BortoluzziZs W R, FEE A B H
R R RS AR s i T RN, AT B A
PR M sz Thag, o H AR K R A AR AR 3t
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Tab. 5 Effects of sustained release nanosphere sodium butyrate on serum free amino acids of grass carp

5 H Ttem X R 0.1%41 0.2%41 0.4%41 0.6%41 0.8%41
Control 0.1% group 0.2% group 0.4% group 0.6% group 0.8% group
RAE R Asp 5.704£0.89° 0.7120.16" 4.18+0.98° 5.04+1.10° 7.4320.65" 4.45+0.56°
HHEMKGlu 8.64:+0.99° 0.89+0.23" 7.44+1.16° 8.62+1.30° 9.20+1.12° 8.41+0.86°
17 ®His 161.16+10.11°  84.58+13.20"  418.02432.40°  426.97+29.67"  456.30+18.69"  350.40+23.34°
225 R Ser 77.9444.68° 6.25+1.32° 30.6547.65° 41.83+£12.32° 43.67+11.89° 48.09+14.48°
KR R Arg 94.49+17.23°  5.78+2.30° 49.23+14.57° 58.37+19.35° 69.56+13.84" 49.88+14.01°
HEMGly 210.75+35.36"  11.64+2.79" 70.38+13.21° 98.60422.30° 120.09+31.25 154.37+36.39°
I %L Thr 115.39+43.90° 8.5342.33" 58.65+20.30° 95.17424.37° 103.3132.24° 62.50+14.63"
HE R Ala 53.58+13.46° 4.70+1.99" 19.73+6.38° 33.00+13.20° 63.32+15.89° 29.40+10.33°
I Bepro 350.05+35.96°  24.03+3.75° 200.41+46.650°  226.47+39.32%  245.13+21.22°  277.39+45.20°
it & B Tyr 30.11+5.66° 6.13+1.98" 39.59+4.65° 31.2145.55° 33.9248.32° 40.24+2.65°
AR Val 92.37+24.37° 2.66+0.65" 12.4141.24° 19.11£3.01° 38.5845.64° 22.49+4.83°
I & M et 18.0142.96° 0.7240.31° 4.24+1.01° 5.95+1.16° 8.90+1.40° 6.34+1.32°
BREAMIe 40.90+3.87° 1.4140.23" 13.5941.65% 14.76+1.88° 16.13+2.94" 11.69+1.97°
St R Leu 73.09+23.85' 2.56+0.97" 13.61£1.20° 18.69+2.79° 30.16+3.68° 24.49+2.83°
H AW Phe 27.1942.36° 1.8840.67" 19.2042.33° 15.13+4.54° 16.89+1.67° 28.0442.37°
i FRLys 59.29421.01° 3.1240.67° 40.68+11.66" 42.78+12.34° 68.71+18.32° 42.39+9.98"
AR M EWTAA 1418.674235.54° 165.59+23.91°  1002.01+£320.61°  1346.68+421.56°  1571.30+333.65'  1160.57+119.65"
DEEIFRWEAA 42625443210 20.87+4.62° 162.38+26.55 416.58+45.78° 452.68+33.50° 197.94432.45°
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Abstract: Sodium butyrate is an important feed additive, which can be quickly absorbed by the intestinal tract. It can
promote the proliferation and maturation of intestinal cells, maintain the integrity of intestinal mucosa and improve the
digestion and absorption of nutrients in the small intestine. It was found in piglets and chicks that sodium butyrate could
decrease the feed coefficient and increase the weight gain rate. Meanwhile, it also can regulate the ecological balance of
microorganisms in the intestinal tract of animals and improve the immune function of the organism. The application of
sodium butyrate in aquatic animal feed has also been reported. Some previous studies suggested that sodium butyrate
significantly promoted the growth performance of sturgeon and Litopenaeus vannamei, but there were few literatures
on the effects of sodium butyrate on the absorption and transport of protein and small peptides in intestine of aquatic
animals. The active ingredient of sodium butyrate is butyric acid, which has volatile and unpleasant sour smell. In the
application of butyric acid, in order to overcome these shortcomings and achieve the effect of promoting production on
aquatic animals, sodium butyrate is generally treated by envelopment technology, so as to achieve the purpose of fixed
point and delayed release. To explore effects of dietary nano slow-release sodium butyrate on grass carp (Ctenopharyn-
godon idellus) growth performance, serum biochemical indices, intestinal mucosal morphology and intestinal PepT1
mRNA expression, we conducted a 60-day feeding trial with different levels of nano slow-release sodium butyrate in
the diet. Six isonitrogenous and isoenergetic diets were formulated with 0, 0.1%, 0.2%, 0.4%, 0.6% and 0.8% nano
slow-release sodium butyrate in the basal diet. The feeding trial was carried out in an outdoor cage farming system
(cage size: 200 cmx200 cmx250 cm). Each diet was randomly assigned to three net cages with 50 fish [initial body
weight of (18.65+£0.21) g] per cage for three times (8: 30, 12: 30 and 16: 30) per day. The feeding quantity in the first
week was 5% of the fish body quality, and then increased by 1% every week. Daily record of weather conditions, water
temperature, feeding quantity and feeding status. At the terminal of the feeding trial, fish from each cage were weighed
the total weight and recorded the total number after fasted 24h. Six fish per cage were collected to measure the body
length and body weight for the calculation of condition factor (CF). The blood sample was drawn from the caudal vein
of six another fish per tank with a disposable syringe and kept at 4°C for 24h, then centrifuged at 3000xg for 15min to get serum
and stored at —80°C for analysis of serum total protein, glutamic oxalacetic transaminase (GOT) and glutamate pyru-
vate transaminase (GPT), urea nitrogen and other indices. Also, six fish were randomly selected from each repeat, the
foregut was separated and stained with HE method, then observed under an ordinary optical microscope (40x%), villi
height and crypt depth were measured and the ratio of villi height to crypt depth was calculated. Intestinal PepT1 gene
expression level was analyzed according to Kenneth et al., and the relative expression level of the target gene in the in-
testinal tract was determined by real-time polymerase chain reaction (PCR) method. The crude protein, crude fat, mois-
ture and ash content in experimental diets were determined by AOAC (2003) standard method. The results showed that
weight gain rate, specific growth rate, CF and intestinal villi height of grass carp in 0.6% sodium butyrate group were
significantly higher than those of the control group (P<0.05). 0.6% sodium butyrate supplement significantly increased
serum globulin, serum total amino acids and serum essential amino acids and significantly decreased serum urea nitro-
gen (P<0.05). 0.6% sodium butyrate supplement significantly increased the expression of PepT1 in intestine (P<0.05)
without impacting Glutamic oxalacetic transaminase (GOT), Glutamate pyruvate transaminase (GPT) and the content
of glucose (P>0.05). In conclusion, the supplementation of 0.6% nano sustained-release sodium butyrate into juvenile
grass carp diet can protect intestinal mucosa, induce PepT'1 expression and promote its growth performance. The results
of this study will fill in the blank of the research on the effect of sodium butyrate on the absorption and transport of in-
testinal protein and small peptides in aquatic animals. Moreover, the present research systematically analyzed the posi-
tive effects of nano-slow-release sodium butyrate on the growth performance and intestinal health of grass carp, which
will provide an important theoretical basis for the promotion and application of sodium butyrate in grass carp diet.

Key words: Nano sustained-release sodium butyrate; Grass carp (Ctenopharyngodon idellus); Serum biochemical
indices; Intestinal mucosal morphology; PepT1



