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FE ARHTSE 7 ZE bR v s o SR 24 422 =X 7L R T (Lactobacil lus delbrueckii) X 47 i (Cyprinus carpio)ZE K | i
WA FR AP EALSE AR . VEIUR T 360 ERENLIY 4 4 DALFRLH, B4 3 NEE, 9 | AR FR(DL),
2 4 FEMEILRE HAR+0.3% R SEHE(D2), 5 3 414 MEIERY H AR +1x107 #ECFLER 1H (D3), 5 4 L4 ILRI H K+0.3% 755
B 1x107 X FLAR BRI (D4) . 45 W] $0E D4 4R s o | AR AR KRR AR e, R T
Xt HRZH (P<0.05), FLIZZH MR R BURAR; M8 3 ARG MEAE D4 i, 0358 T IR4LA D2 41(P<0.05), 458
621 (%) i U T 5 4 AT S 3 o X R4 (P<0.05), D2 41 1 T B il I 8 v T 4 R A (P<0.05), (R SCIG It o & 25
(P>0.05), %% LIRAR I ZMH(AST) . AN HEEBEALT)EE M LUK H I =85 (TG) . AL FEEE(TC) & 5 X R
LEI A FEAL, b D4 40 AST. ALT ¥ MEA TC & W L T X R4 (P<0.05); 4 M S EAMARHY TN E
Z 5 (P>0.05), LR e 5 15 bn AT DT B AL TE b 26 52 50 40 A0 AN TR R B 0 T e, L IR TR (LY'S) o TR P s 1
(ACP), HA YL LEF(SOD), MPiALEFHT-AOC) ., T & fb S BH(CAT) I M LU K AMA C3 &4 D3 411 D4 4134
B35 5 T B4R (P<0.05), {1 D2 424 591K B3 (P>0.05), #MA C4 (&8 7E SCIR 20 & 848 0.3 5 T IR 4
(P<0.05); AKP Fil GPX 1 M4 4H 2 18] 22 F XA i 2 (P>0.05); MDA &8 1E D3 4451 D4 41 1 1% T % B 41 (P<0.05),
LI 2 7] 22 5 R 835 (P>0.05) o G518 IR, SR EAARE A AR I 0.3% S SRR 1> 107 7L R T mT i o S ) A
PERE . i ARG, BlE R MBT E AL TR, ELR SR A A X L R A O A0 RO A

K RN R, B AR %R PiEfL
hESES: S963 XEKFRERD: A XEHS: 1005-8737—(2021)08—1001-10

AR, KPP FRAE b Hi A R B9 H 4 5,
gRfn . R LA A EERER IR 52 B
MR, AT sRAF BE o2 sk i . CRIEH], if
REARHE S WA A, 1Y SR ATLAA S 92 1) AR s )
R RHIF T AE & e A 05 . SR ZE B (Fructoo-
ligosaccharide, FOS)J Z f7 7 T R Z 5 W+,
ST — P RAREPRHAS IR, A S = K s ) A
RS G HAE Y IXFR L RAI 3 E E
{1238 78 3% ) IR WO A R e, B Y
RWIREEMEA S = K Sh Wy i 1 3, R AR

s HEE: 2020-12-15; f&iTHHE: 2021-01-22.

AR, HESRIY R AP A LT BE, FEARSET:
ESIRTECY Ve Sl (V) Gl ok (W E TR K iR 2 By 1
FZ BT BE

18 1,752 74 (Lactobacillus delbrueckii) s —Fh
R, ZerimEnm, oA R MBI R E
AR AR R R SRE R K ERE . (it
B G 73 0335 i 38 2 - 1 5 2 R g7,
WF5E % I 2 A= TR RN 25 A2 Je I, 7T DA 3008 & 4
A AR R ROR P, Addo PR B, 2
FF TR R 4 2 22 SR B e A (0 R O - T o —fif
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25T, (B2 Cerezuela 25U 5Y &L T A ]
A5, ZFAAT RIS 26 8 70 4 19 42 K B8 (Sparus
aurata) g 4 [N F 35 I R I AL T —(F
TEARFT IR o OC T S S0 AN 7 = L i 1 6 FH X i
AR PERE . T AT RN G0 35 T8 BRI R 15 e ik D
ARHE , R SRR ETE A E T 7k
HXRE NG, BARH L5

FR A8 (Cyprinus carpio) & (o fef #4855 2,
PSS, B AR R, 1 PER . B TR
TG A% = S0, (B2 H AT R | 5 % B R
5, O A B R RN, Rk ey R v i
TR AL, SRR E A IR 8z —, AR
5 B ERE SRR R I R S . R AR I
A YT SR, PR X R A R A
R LA PR, S SR S0 A0 FL IR T FE 7K 7 i)
() PR B R 22 AR 00

1 HRET%

1.1 SEIER

HIR B i 40 (%) 75 % 5 2 I o) S 6 R Lk ) sk
FEA R T AVE FRACE A R LR 1, AR
B B 3% BH B AL mR A RS w45 Dt IRk p i

JE 5 60 H i, S S0 A4 5 L BR B 43 ) 45 %
4 TR AEHE &350 5 CREERE B LR I 1
VSN R E ET A SEER L), BRI B AR R A AR
TR, 2 g e IR A G, SRJE A s
TR K 5y, FELR LB R B E AR N
2.5 mm MRORL, ASRMETIS, A BEETHRAET
4 CUkFE#
12 XLEE

I BH S 5 76 R K 2E S BB 2 B K
B2 S g S HEAT, S AR R % P T 2R 5
B EAE, U SR SR 2 (SR : 1.6 mx
1.0 mx0.8 m), IR H AR, YIL)s,
Pk iR AE 38— | fEEEYIE (12.540.5) g AYEREE 240
B, Hscmb By N 4 41, R 3ANEE, B
ik 20 R fa, 55 1 IRELARE HH(D1), 55 2 414
LA HAR+0.3% R M (D2), 26 3 M ILah H
FA1x107 IR (D3), 45 4 HPME LAY H o
+0.3%FZEHER 1x107 A FLRRE (D4), TLHEE
WIS GL(K e : 60 cmx40 cmx40 cm) i HEFT,
KT A: KIR(5<1) C, EHE =6 mg/L, &AL
42 £5<0.001 ppm, pH 7.3+0.3, G : B
14 h: 10 h, BERXK BT E I 5%, R

®1 EAMERREFARKTEM)

Tab.1 Feed formulation and the nutrient composition of the diets (air dry basis)

JE L% ingredient

357K /% nutrient composition

£k} fish meal 5
5} soybean meal 32
Hi ¥ cottonseed meal 15
S rapeseed meal 15
il soybean oil 2
£l fish oil 1
%k |2 wheat bran 6
Ky wheat flour 21
Wiz — & 45 Ca(H,PO4), 1.8
TRA} premix 1
& #k NaCl 0.2

A1 crude protein 33.16
HLUIE NG ether extract 6.52
HLK S ash 4.93

W BT IEHURRS LR 9 (g/kg) F4E2E Z (IU or mg/kg): CuSO4-5H,0 2 g, FeSO4-7H,0 25 g, ZnSO,-7H,0 22 g, MnSO,-4H,0 7 g,
Na,Se0; 0.04 g, K1 0.026 g, CoCl,-6H,0 0.1 g, 442 A 900000 TU, 4i4:% D 200000 TU, 4iE:# E 4500 g, 44 F K; 220 mg, it &
B 320 mg, 4i4:% B, 1090 mg, VB;5 2000 mg, VB4 500 mg, VB, 1.6 mg, VC 5 g, ZF& 1000 mg, MR 165 mg, HAK 60 g.

Note: Premix supplied the following minerals (g/kg) and vitamins (IU or mg/kg): CuSO4-5H,0, 2 g; FeSO, 7TH,0, 25 g; ZnSO4-7H,0, 22 g;
MnSO,4-4H,0, 7 g; Na,SeOs, 0.04 g; KI, 0.026 g; CoCl,-6H,0, 0.1 g; vitamin A, 900000 IU; vitamin D, 200000 IU; vitamin E, 4500 mg;
vitamin K3, 220 mg; vitamin B, 320 mg; vitamin B, 1090 mg; vitamin Bs, 2000 mg; vitamin Bs, 500 mg; vitamin B;,, 1.6 mg; pantothenate,

1000 mg; vitamin C, 5 g; folic acid, 165 mg; choline, 60 g.
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KK 1R, HokE R EKER 1/5, BREWRM
UX(8:00, 17:00)52 45 £, HI3H) H #5  Shy £o1 14 o )
2%~5%, JE BIAR I3 S A Bl ANz B R LR TR
ARFEIE LIRS 8 JH .
13 HmXESSH

TR LI A R G, SR 24 h YUHALBE, RAE
HI W R 100 mg/L (%) MS-222 #EAT IR, Fiit
REET A SBCR B i, T AR YRR, BT
BEHLHUE 6 R fn, REFkBuUL, 2% 10 1U/mL
PrEERI(FRAE L .08, #ik1 h)fE, A
BLOHLZE 4 °C L 3000 g A5F N5 10min, WK
VW80 CLRAE, LAE AT i 2B AL 845
FRPEFE TR, KI5 A &) S5 5, P 4 25 s 18
FORFIE, FEMGUE TR, FIEAUW T, -80 CI
g
131 fRAMREFRSSH AR E R
MR HERRE:, Ko HIBEAETE 105 CTR 4T Z1E
&, RAEK IR R RR K e E R, M
Ji s 1 D ) & Al 38 45 (BUCHT A ), I 1),
ML LG E ZAN (Foss, B )M, LK Y
e F 5 JR e 550 °C YRS
132 HKMERENE

4 # R (weight gain, WG) = 100x(W;— W,)/W;

Yop e 18 H K (specific growth rate, SGR) = 100 x
(InWe—In W)/t

TH B} Z2 % (feed conversion ratio, FCR) = &
7 (2)/(We-Wh) o

% & F (feeding rate, FR, %)=100xW/[(W; +
W)/2]/t.

1 %K (protein efficiency ratio, PER, %)=
100X (We— Wi)/W, 0

BTG 2R (survival rate, SR) = N¢/N;,
Kb, We K H (g); W2 W) H (g); AL 5 KA W
AR RES;, W, 2EREHERANNES;
Ny A2 S 50 28 S BRRT A 0 B8 N R SE 0 T bR e
EERELRPEY Ve
133 BEHLBHONE KRIGEEDE, &1
14 MAAERRERIK, WKIBFME T TSI, RIETE
4 °C.3000 g #&MF T #EATE L 10 min, Wbk BV
20 CORAE, LA REesrAr. 2R m I e >k H

AR L, Ne 7 R A I o B T
5, MY A A BTG ) B /mg 25 F1(U/mg prot).
1.3.4 MiEEWIEFRUE Mg fsins i
SN (AST) A4 TN 6 & i (ALT) SR HE ik 2,
il 2¢ 51, L A8 75 I 5 H 90 =R (TG) AR IH [ B(TC),
SVER (TP R FH AR IR, M8 1 (ALB) R FH TR
P gk, RS AR @A R AL
135 MmEEEIERME % F I TELYS)H
F B0 BRI, KT i i 7 8 T A 1k 000 o T M
PR T (ACP) RN A PE i BR i (AKP) A 15 M, REK S
W RRH2E T < #MAS C3 Fl C4 1A i, IR &l A
A A B A E
1.3.6 FFEEmMEMWIEIRNE HEMFRECRL 0.2 ¢
POFERE, 4% 1:9(FE & WBHRYLLEIH L 10%0)
H A5, 3000 g 5.0 10 min, BB #R-—20 C
PRAF# ], T AT A ) TR A PR w4t A 3
) G e A ALY (LG (SOD)E P . BT A AL
(T-AOC) ., 4 e H ki S AL W (GPX) Fl i 48 4k &
fiti (CAT) W& 7 . T - BE (MDA) & i, B0 23 3 L)
U/mg prot, nmol/mg prot £7~, FFAEH A B H
i FH 2 T 37 A MR & A T
14 Zitah

SCESH R e Excel # B, FEH SPSS(17.0)
AT MU Z T 2257 F (two-way  ANOVA)73-Hr, 2R
J7i H Duncanas #1172 8 He 800, Ko I E+
FRUfEIR(X £SE)FER, P<0.05 #RZF 1 E

2 #R59H

21 EMPRMREEMEXLBREXHEE
KHEBERIR

2 AJHL SXFIEAR L, 3 SR
WG Fll SGR #BA AR A2, Hd D4 4154
W, WG 25 62.66%, %40 WG B35 5 T-X)
T84 (P<0.05), D2 #41fll D3 #zZEERAEE
(P>0.05); £ 5SCH02H FCR A3 AR A FRAG,
i D2 Al D4 418 E LT XL FCR(P<0.05),
FCR 7F D2 .D3 il D4 21 2 8] 2% 7 IF A 1 2 (P>0.05);
7540 PER #BA i, Hirh D4 21 5 2 5 T 5 i
4, AT 22 T A W2 (P>0.05); X R4 IS
U941 2 [A] B3 #6008 2 25 5 (P>0.05) .
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Tab.2 Theeffectsof dietary FOS and Lactobacillus delbrueckii on growth performance of Cyprinus carpio X+SE
i H item Xf B4 control 0.3%FO0S 1x107 L. delbrueckii 0.3%FOS+1x107 L. delbrueckii

W /g initial weight 12.39+0.32 12.53+0.33 12.45+0.39 12.24+0.2

K H /g finial weight 27.04+0.88° 32.43+1.71° 30.75+0.67% 34.48+1.02°

B %/% WG 118.89+11.97° 158.60+8.56™ 147.35+8.07° 181.55+4.38"
B K F/% SGR 1.39£0.10° 1.69+0.06™ 1.62+0.06" 1.85+0.03°

TEAL 2R HU% FCR 1.73£0.15° 1.34+0.11° 1.44£0.09" 1.33+0.09°

M A% /% PER 193.17+5.05° 232.08+13.79% 225.42+11.26% 248.00+20.81°

I /% SR 96.67+1.92 100£0.00 98.89+1.11 100+0.00

e A R/NG F R R 25 B3 (P<0.05), FFTLEFERRREFAEEP>0.05).
Note: Values in the same row with different superscripts are significantly different (P<0.05). Values in the same row without letter super-
scripts mean no significant differences (P>0.05).

22 FEARDHAMREEMEXNBEXBERE 55, D4AIE ARG S & TXHRA M D2 41(P<
B 1L B M A RN 0.05), JRHGETESC K4 ¥ 38 5 X B4 (P<0.05),

MR 3 AL, &Ll BTG PR A A TEMBEAE D2 41534 & 76 B4 (P<0.05), {HAR;
FIRERE T, Hoh B AR RIBE BTG YEE D4 41 BRSBTS PEAE A 4L 2 0] 22 550K B 3% (P>0.05)

&3 ARt R EyEE 2L B E X 4R 2 7 B i L B R R
Tab.3 The effects of dietary FOS and Lactobacillus delbrueckii on intestinal digestive enzymes of Cyprinus carpio X*SE

WH item Xt HR4] control 0.3%FOS 1x107 L. delbrueckii 0.3%F0S+1x10 L. delbrueckii
#E 1 iff/(U/mg) prot protease 82.34+5.27° 93.03+4.30" 90.20+2.19% 99.56+2.89°
JIE Wi i§/(U/g) prot lipase 50.14+3.75° 59.17+3.34° 58.02+1.74° 63.30+£2.99°
JEM B /(U/mg) prot amylase 1.47+0.05° 1.62+0.08" 1.56+0.10* 1.54+0.04*

T FFARRE/NG 5032 22 53 1.3 (P<0.05), [RAT R 13-m 22 57 A B34 (P>0.05).
Note: Values in the same row with different superscripts are significantly different (P<0.05). Values in the same row without letter super-
scripts mean no significant differences (P>0.05).

23 {ERPHRMEEEMER L ER E T Mm ALT BEME DA TG, TC & HE50HRAM L, ¥
EN ISR SN AR O REAR, Hodb D4 4909 AST Al ALT 3
MRS AR AT IR 4, #5200 40 AST ., P AR TR R (P<0.05), {HA&-S2504H 1 AST Fi

x4 AR R EAEE LR E X £ 62 1 % A L FE AR B S

Tab.4 Theeffectsof dietary FOS and Lactobacillus delbrueckii on blood biochemical indexes of Cyprinuscarpio  X+SE

WH item X HE4H control 0.3%FOS 1x107 L. delbrueckii 0.3%F0S+1x107 L. delbrueckii
4 F A IE/(U/L) AST 78.06+4.29* 68.00+3.23% 70.61+4.35% 64.29+3.82°
4 NG & W§/(U/L) ALT 24.38+1.34° 21.24+1.0% 22.06+1.36™ 20.08+1.19°
H-3ih =15 /(nmol/L) TG 0.68+0.05° 0.55+0.04° 0.52+0.02° 0.50+0.02°
S JH [ BE/(nmol/L) TC 3.80+0.10° 3.50+0.13% 2.97+0.45% 2.78+0.15"
MM /(g/L) TP 29.08+2.17 25.31+1.44 25.7442.17 24.40+2.98
M H/(g/L) ALB 12.54+0.46 11.5+0.65 11.36+0.71 11.09+0.78

e BATAE/ING 8RR 22 5 8.3 (P<0.05), [T 6T RER AR 22 5 A8 i 3 (P>0.05).
Note: Values in the same row with different superscripts are significantly different (P<0.05). Values in the same row without letter super-
scripts mean no significant differences (P>0.05).
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ALT FEMHZE S AR E(P>0.05); TG & BAE& LK
ZH 14 5 A T % R ZH (P<0.05); D4 2 TC & B 3%
T X HEZH (P<0.05), D2 4. D3 2H 5 %t FEZHAH L
E R AL EP>0.05), #4105 TP 1 ALB ¥ L &
FE5(P>0.05),
24 FEARRAMREEEMEXABRE T HEM
ViR L A=A

R 5 AT, IV S e 8 Bn i PR 7E S 00 20 4R

x5

AARFRRE NI &, & re RS AT R
WE A4 iR, Hp LYS F1 ACP 36 #E DL K kb
& C3 FrEfE D3 41F0 D4 41355 3% o Xt g
(P<0.05), A2 D2 1% % AR 3 (P>0.05), #b
& C4 &7 D2, D3 Fl D4 434 1 25 75 T X #E
(P<0.05), 1H D2, D3 Fl D4 4z a|EFAEFH
(P>0.05); I3 AKP HMEfESHZ M ZEFHALE
#(P>0.05).

TR R A N SR B AE AN (B X FLBR T X 6 6 1M ik S AR SR AR B ST

Tab.5 The effectsof dietary FOS and Lactobacillus delbrueckii on blood immune indexes of Cyprinus carpio

X*SE

TiH item Xt HEZH control 0.3%FOS

1x107 L. delbrueckii 0.3%F0S+1x107 L. delbrueckii

VT /(U/mL) lysozyme 120.14+9.27° 139.1748.79%

FMA/(ug/mL) C3 24.03+1.16° 29.1442.06®
*MA/(ug/mL) C4 20.46+0.93" 24.94+1.24°
iR 1 Wi R 1 /(U/L) ACP 32.31+2.22° 37.97+2.69
Bl E B R EE/(U/L) AKP 24.16+1.82 25.91+1.60

158.02+6.63° 162.64+8.86"

31.74+2.77% 35.04+2.22°
25.90+1.60° 29.13£1.23°
42.69+2.39* 45.99+3.16"
27.31+0.73 28.74+1.07

e [T AR/NG PR R 24 5 B3 (P<0.05), [T ILFHEF R 25 AR 83 (P>0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05). Values in the same row without letter super-

scripts mean no significant differences (P>0.05).

25 ARBRAMREEMEXABRBXTBER
fiiEtRrEm

e Aok v i SR S A 7 e L R T X R A 4R
fLAEFRIE UL 6, i fbT8PR SOD. CAT,
GPX Hl T-AOC HMIHIA NIRRT &, Hr
SOD #il T-AOC HPELE D3 4 F1 D4 4 3% T
HEZH (P<0.05), #5352 50 20 2 7] 2% 5 AN I 3 (P>0.05);

D4 41114 CAT P fe =i, o 3 i T4 R 41(P<0.05),
A2 D2, D3 I D4 4[] 5K 8 (P>0.05);
GPX {HitEAH —E TR, [AEgdZimzER
AEE(P>0.05); 541 MDA &4 RN
Ak, Hdr D3 Al D4 4118 MDA & i i K T %t
MR 41 (P<0.05), A& LR ZEEZERARE
(P>0.05).

®6 fARPHAMREENELIRENFEN LB

Tab. 6 Theeffects of dietary FOS and Lactobacillus delbrueckii on antioxidant indexes of Cyprinus carpio

X*SE

TiH item XiF HR 4 control

0.3%FOS

1x107 L. delbrueckii 0.3%F0S+1x107 L. delbrueckii

B AW AL i/ (U/mg prot) SOD 122.51+14.06°

147.95+5.60

153.05+5.10° 169.16+6.71°

i E AL/ (U/mg prot) CAT 75.62+6.05° 85.46+3.15% 82.15+3.46™ 91.01+4.61°
A e H R A AL i /(U/mg prot) GPX 22.28+1.30 26.73+3.25 26.41+2.92 28.58+2.98
B E AL YIRE/(U/mg prot) T-AOC 0.38+0.05° 0.51£0.05™ 0.58+0.03" 0.76+0.08"
A T /(nmol/mg prot) MDA 3.86+0.19* 3.07£0.41% 2.71£0.10° 2.67+0.27°

e [T AR/NG PR R 225 B3 (P<0.05), [T LFHFRERAREE(P>0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05). Values in the same row without letter super-

scripts mean no significant differences (P>0.05).

3 g

31 REENEXIIBREXBEE KRNI
KT R BERE NS A LR S 2 0 A R T 5T

CAHGE, FIR%Y | Zhang RS A5 H i ko

e A

AN A SR SRR PR UL RR T A A e — A
f5 0 ] L A R BE I T8 T AL BB 5 Pool-
sawat “5U 2 BIF 5T 3 B A6 A1 B £ G Rk T VR i R 5
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W BE NS $ = HL 8 F Rl R . IR U e
oy R 3 s e s b s e kR
I 0.4% R ZEME+0.2% AT I REfE = B e B HE
A K RE, I H 3 BT M ROR 24y 1 s fff
FAAEAT —Bhas e, AP 4E RS LR oT A
— 3, R AR S LR E R
B I REAS TR FE B ) 4 v R P e TR ARk
AR B AL B E P, BB R AL, fem T
Tk A SRR . AR APERE A I B T e % D)
FHOG, BN i O Al v 1 B v, B T RE AR
W . pH 25 128 AL AR A BY T a2 ik v g 35 i
SrREAL SRR, Bk TR i — P05 )
G, mAERHBSSHFEFENEAR., fAERSE
FEW T, LA R A I AR v A3 A I RT AR A 2
X SR A T A Y A g A SR S AN
PR T o B RO A R 254
() T 5% 78 U1 JE B8 6% (Trachinotus ovatus) |34 4
i, s BRI AR R 5.62x107 A 2R
FFRAN 0.2% S0 0, UL R 65 (1) e A KR L
oA SR B B 2R AT T AR A ), B
i (Anguilla japonica)ml ek 7 i H &% Z0E FiA R
FHRTWEU L ZHWESY, MRAERGHES
HIGER | R K EME N TSR & &
FrFRAU, (AR AL SN g SR S R 2
AP BT R AR KIFTE B E S BEH, X
FIRES FRAE AR . FRAE IR BT DL R AR Jin gl i i
hn A G

32 REHMEXIERE R EREYLEE
E3:0EA )

o 3 T A T P DT 3 S AL T R )
EARUS AU L RS R R B S R Ak
BRUBEPMEN . BRI MEm, B Es
F14) 1 g A B % T S S A i e L s T 1 e i
X = RE SRR IS AL R, 3SR I RRCR
AR RS M T B B2 = mT RE S T 1A
DA Tk 2 0 1 R AR P AR R A AR AR, He A, BUBE A
WL FLERRAT A f2 B IS £, IR A
MORFTF R 25 A 3 o A >, REEA 5
R 1E T TR B0 43 I 0 B M s s 00 SRS A 2
FOLRT BT 11 5 0 B 2 =5 W T8 0 T Tl 0% 1 I i 2

WMATRT, fE=ME PR e A #RE", it
L E A W 53 410 S S0 R 2R F A B BE 4 v M
G RE B AILRE, HOGENATE PIIREE, fEaEimi R,
O T R i g T Y A T e g D PR
33 REHMEAXABEXHEMNDRKENIER
A

1 25 i Y AR LTS bR BE A% S B HILAAR i) A BECR
A RSBl . AST FIl ALT FEAELENTLHS H, 24
JHFWESZ 8 0F, AST Al ALT £33 AWK, 1k —
B, UEPA RS2 R, AT A
FKHE AR AST Al ALT 8 E KT X R4,
Hassaan 2:22HF5¢75 1 J@ % % 3 4 (Oreochromis
niloticus) frl i} 8 i 25 R R RN RESR BUY), I
% AST M ALT i 8 % F F#; Marzouk 25 %
ARt BRI TR A5 T AR B 45 R E 2 X 0 2 P
FEA 2 B A ARDRL S T SR S R R A
M¥E AST A1 ALT 3 M IF & 284k . L4 TG
M TC F&aA ANREEEE IR, X FRIR S
X FLER A AT A DA B VE T, TG il TC J& %
W A R S bR, A7 M b = S R,
RENIENI R R Z, 555 BIIF. FIE
REFB, BFRE &k AR ZEREBE KM TG Fl TC
i, X ] BE 5 A S0 AR AR Y RE W AR I
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Effect of dietary fructooligosaccharide and Lactobacillus delbrueckii
on growth performance, blood index, and antioxident activity in koi

carp (Cyprinus carpio)

ZHANG Chunnuan', PU Changchang', YUAN Xiaoyu', HUANG Hailong', ZHANG Jie', GUO Mengge',
ZHU Yanbin®

1. College of Animal Science and Technology, Henan University of Scientific and Technology, Luoyang 471000, China;
2. Yancheng Hengxing Feed Company, Yancheng 224100, China

Abstract: This study aimed to investigate the effect of dietary fructooligosaccharide (FOS) and Lactobacillus del-
brueckii on the growth performance, blood index, and antioxident activity in koi carp (Cyprinus carpio). A total
of 360 fish (mean weight of 12.5 + 0.5 g) were randomly distributed into four groups, with three repeats for each
group (30 fish in each): group 1 (D1) was the control group (basal diet) and groups 2, 3, and 4 (D2, D3, D4) were
the test groups, fed basal diets with added 0.4% FOS, L. delbrueckii (1x10” CFU/g diet), and 0.4% FOS+L. del-
brueckii (1x107 CFU/g diet), respectively. The results showed that the weight gain rate, specific growth rate
(SGR), and protein efficiency ratio (PER) in the D4 group were significantly higher than those in the control group
(P<0.05). The feed conversion ratio in D4 group was the lowest, and there were no significant differences among
the experimental groups (P>0.05). The protease levels in the D4 group were the highest among the groups and
significantly higher than those in the D1 and D2 groups (P<0.05). The lipase activities in all experimental groups
were significantly higher than those in the control (P<0.05). The amylase activity in D2 group was significantly
higher than that in the control group (P<0.05). Compared to those in the control group, the aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) activities and triglyceride (TG) and total cholesterol (TC) contents in
the experimental groups decreased to different degrees, among which addition of 0.4% FOS + L. delbrueckii
showed the lowest values compared to that in the control group (P<0.05). There were no significant differences in
the total protein and albumin contents (P>0.05) between the control and experimental groups. The activities of
lysozyme (LYS), acid phosphatase (ACP), superoxide dismutase (SOD), catalase (CAT); the total antioxidant ca-
pacity (T-AOC); and the complement protein 3 (C3) content in D4 were significantly higher than those in the con-
trol group (P<0.05), and showed no significant differences to those in D2 (P>0.05). The complement protein 4 (C4)
contents were significantly higher in the experimental groups than those in the control group (P<0.05). The glu-
tathione peroxidase and alkaline phosphatase activities showed no significant differences among all groups (P>
0.05). However, the MDA content in D4 was lower than that in the control group and there were no significant
differences among experimental groups (P>0.05). These results indicate that dietary FOS and L. delbrueckii could
improve growth performance, intestinal digestive enzyme activities, and non-specific immune function and anti-
oxidant capabilities in C. carpio. The combined addition of FOS and L. delbrueckii produced greater advantages
than individual administration.
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