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Table 1 Composition and nutrient levels of experimental diets ( air-dry basis) %

R H &8 L. fermentum contents/ ( cfu/kg)

i H Items

0 0.45x107 0.91 x10" 1.31 x10" 2.14x107 2.40 x10°
JEB} Ingredients
ff1§ Fish meal 19.00 19.00 19. 00 19. 00 19.00 19. 00
M1 Soybean meal 21.55 21.55 21.55 21.55 21.55 21.55
K 18 Rice gluten meal 14. 40 14. 40 14. 40 14. 40 14. 40 14. 40
o - TEH) a-starch 20.00 20.00 20. 00 20.00 20. 00 20. 00
T ¥ Flour 13.70 13.70 13.70 13.70 13.70 13.70
fa3H Fish oil 1.48 1.48 1.48 1.48 1.48 1.48
K T3 Soybean oil 0.74 0.74 0.74 0.74 0.74 0.74
DL - T % DL-Met(98% ) 0.32 0.32 0.32 0.32 0.32 0.32
W% 2 Lys 0.03 0.03 0.03 0.03 0.03 0.03
Witk — 445 Ca(H,PO,),(22% ) 2.10 2.10 2.10 2.10 2.10 2.10
AL IHH% Choline chloride (50% ) 0.13 0.13 0.13 0.13 0.13 0.13
Z %A sk Ethoxyquin (30% ) 0.05 0.05 0.05 0.05 0.05 0.05
R B4 4 2 Carboxymethyl cellulose 1.50 1.50 1.50 1.50 1.50 1.50
Y R B Mineral premix " 1.00 1.00 1.00 1.00 1.00 1.00
Y Z R AL Vitamin premix® 1.00 1.00 1.00 1.00 1.00 1.00
AR L fermentum premix” 3.00 3.00 3.00 3.00 3.00 3.00
411 Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
# K- Nutrient levels”
HEH T CP 33.30 33.30 33.30 33.30 33.30 33.30
Mg EE 6.11 6.11 6.11 6.11 6.11 6.11
HIJK 4> Crude ash 7.22 7.22 7.22 7.22 7.22 7.22
AR Lys 1.80 1.80 1.80 1.80 1.80 1.80
HE R Met 1.06 1.06 1.06 1.06 1.06 1.06
B AP 0.60 0.60 0.60 0.60 0.60 0.60
ABRFFB L. fermentum/ ( cfu/kg) 0.00 0.45x107 0.91 x10" 1.31 x10" 2.14x10" 2.40 x10°

V4T R LS One kilogram of mineral premix contains;FeSO, - 7H,0 (21.70% Fe) 152.284 0 g,CuSO, -
5H,0 (25.00% Cu) 2.400 0 g,ZnSO, - 7TH,0 (22.50% Zn) 26.648 0 g,MnSO, - H,0 (31.80% Mn) 8.176 0 g, KI
(3.8% I) 5.788 0 g,NaSe0,(1.00% Se) 5.000 0 g,CaCO, 799.704 0 g,

D T i A ZE TR RS One kilogram of vitamin premix contains: VA FSE2[E retinyl acetate (500 000 TU/g) 0.800 g,
VD, (500 000 1U/g) 4.800 g,DL - /= F By ELERHS DL-tocopherol acetate (50% ) 20.000 g, T &7 B2 HH ik i FF 28 menadione
sodium bisulfite (50% ) 0.200 0 g, filfiZ 7% % thiamin nitrate (98% ) 0. 063 g, %/t 2 cyanocobalamin (10% ) 0.010 g,D —
H:W & D-biotin(20% ) 0.500 g, 1% &% riboflavine (80% ) 0.625 g,D — JZ[iR45 calcium-D-pantothenate (98% ) 2.511 g, 3k
BRI [ pyridoxine hydrochloride (98% ) 0.755 g, J{#& niacin (98% ) 2.857 g, LI inositol (98% ) 52.857 g,z folic
acid (96% ) 0.521 g, EKJEH; corn starch 913.501 g,

DT AL RAT I PR & One kilogram of L. fermentum premix contains: 4 1 group 1, FLERHF & I35 L. fermentum
preparation 0. 000 g, EKJEH corn starch 1 000.000 g; 4 2 group 2, FLERFF I 7] L. fermentum preparation 16. 700 g, K
VEH; corn starch 983. 300 g;4H 3 group 3, FLERFF B 57 L. fermentum preparation 33. 300 g, K JEH; corn starch 966. 700 g;
2H 4 group 4, FLIRAT R HIF L. fermentum preparation 50. 000 g, FKJEH; corn starch 950. 000 g;#H 5 group 5, FLERFT B il 7
L. fermentum preparation 66. 700 g, T K JE#) corn starch 933. 300 g; 4 6 group 6, FLER AT il 57 L. fermentum preparation
83.300 g, EKyEH corn starch 916. 700 g,

YRR B LS T RO R 4> R SRR AT T O SZIAE , 4y Mt &, CP, EE, crude ash and L. fermentum were measured

values, while others were calculated values.
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Table 2  Effect of L. fermentum supplementation on growth performance of juvenile Jian carp

AR E & & L fermentum contents/ ( cfu/kg)
I H Items

0 0.45 %10’ 0.91 x10° 1.31 x 107 2.14 x10° 2.40 x 107

W) Initial weight/g 22.33 +0.05* 22.34 +0.07* 22.36 +0.07* 22.36 +0.07* 22.35+0.04*  22.36 +0.06™
R Final weight/g 99.05 +4.61** 103.58 +1.38*" 109.79 +1.63% 109.45 +0.83% 109.59 +0.56% 110.82 +1.37%
WHEER WGR/% 343.21 +20.85363.45 +6.48"" 391.11 +7.19% 389.62 +3.84% 390.24 +2.46%  395.7 +6.38"

BEE Fl/g 111.82 +£0.78" 117.97 £1.25% 121.37 £0.10° 121.75 +0.36 121.54 £0.59 122.04 +0. 76
T3 R FE 68.59 £3.71%  68.87 £0.75* 72.03 £1.38*" 71.54 £0.91**" 71.77 £0.75*" 72.49 +1.62"*°

FEAFDURR PPV 32.04 £0.30™  32.64 £0.41%  34.26 £0.37%  34.00 £0.22% 34.00 £0.43%  34.43 £0.44"

BEWTITANE PLV  89.00 £3.10%  92.62 £6.46™ 106.15 +7.37% 105.79 +£3.91% 107.88 +4.07% 108.57 +4.33%°

WA UTIRE PAV  65.89 +£3.58  68.28 +0. 72*% 68.99 +1.36*% 73.61 £0.91° 72.38 £0.78%® 72.70 +1.58°"
TR B AR NG FRRREFBE(P<0.05) AR KEFFRREZFWEE(P<0.01), FFER,

In the same row, values with different small letter superscripts mean significant difference (P <0.05), and with different

capital letter superscripts mean significant difference (P <0.01). The same as below.

2.2 HUBEEKES H i FE W T B A 0. 45 x 107 41 (P <
FH 2% 3 AT, 0T HE 2 JH JR A = J A 2 1 0.01),H 0.45 x10" H W & TXBA(P <

GRAMBEARGTEREEMRTERLHA(P<  0.05),

0.01) , MALBRFF i & i >0.45 x10° cfu/kg 1Y 4%

xR3 ARPRMABRHENSEENREEE AEREARSE HEMGEARSEN M
Table 3  Effect of L. fermentum supplementation on hepatopancreas weight (HW ) , heptopancreas protein content ( HPC) ,

intestine weight (IW) and intestine protein content (IPC) of juvenile Jian carp

FLIRHF i & L. fermentum contents/ ( cfu/kg)
Ui H Items

0 0.45 x 107 0.91 x 10’ 1.31 x107 2.14 x 107 2.40 x10°
JFIEE T HW/ g 2.19+0.27* 2.68 £0.34%" 3.78+0.49° 3.65+0.51° 3.60 +0.56 3.73 £0.53%
- A L
ﬁﬁi}%ﬁa)ﬁ F8.64£0.27™ 9.46+0.29% 10.07 £0.25° 10.04 +0.39° 10.01 £0.425¢  10.19 £0.30%
(o}
& IW/g 2.11+£0.27* 2.37+0.29% 3.00£0.36° 3.00£0.28% 2.91 +0.38% 2.99 +0.26"

EAFES IPC/% 6.39 £0.32% 7.03 +£0.33%°  7.46 £0.22%  8.22 +0.32° 8.31 +0.38“ 8.40 £0.29%

2.3 BEHESE AL(P <0.01) , 1%t HALHLRT Fh 5 W 4 3 s 3 I A
2 4 ATHD X IRELR 0. 45 x 107 cfu/kg 4 BFHLT 0.45 x 107 cfu/kg 21 (P <0.01) , HAR 4%
Yy b RS R B R BT RS AMERARE(P>0.05),

x4 ARRHEMIBTENNEEN . ANEHEESENZIT
Table 4 Effect of L. fermentum supplementation on fold height in foregut,

midgut and hindgut of juvenile Jian carp pm

AR E & & L fermentum contents/ ( cfu/kg)

i H Items

0 0.45 x 107 0.91 x 107 1.31 x107 2.14 x 107 2.40 x 107
Hi % Foregut 803.7 +15.6™ 929.4+13.6™ 1056.8+12.1%1064.2+19.31 066.7 4.2 1069.7 4.5
7 Midgut 489.6 £13.3** 586.0 +3.8" 654.4 5.0  655.3+3.0°  654.3 £4.8%“  660.9 8.3

J5 % Hindgut 543.3 +8.4*  637.0 3.6 704.4 3.7 707.2+8.0  708.0x2.8%“  710.9 2.4
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Table 5 Effect of L. fermentum supplementation on the activities of trypsin, chymotrypsin,

lipase and amylase in intestine of juvenile Jian carp

LT H & 5 L. fermentum contents/ ( cfu/kg)

Ifi H Items

0 0.45 x 107 0.91 x10° 1.31 x10° 2.14 x 107 2.40 x 107
E%%E% A Aab Aab Ab Ab Ab
2.99 +0.18* 3.07 £0. 04" .09 +£0. 07" .15 +0. .13 +0. .14 +0.

Trypsin/( A A/min) 99 +0.18* 3.07 +0.0 3.09 £0.07 3.15+0.07 3.13+£0.07" 3.14+0.06
&EE@E A Bb C C C C
. . 2.94%0.27* 3.98 +0.35 .02 +£0.36 .92 £0.44%  7.05+0.41% 7.26 £0.55
Chymotrypsin/ ( AA/min) +0.27 3.98 +0 7.02 £0.36 6.92 +0 05 + 7.26 +0.55
e 1 B 235.01 350.38 525.57 508. 48 499.93 504. 21
Lipase/(U/g) +15.11* +24. 36 +19.11 +17.87¢ +24.36 +38.81¢
R B 1551.52 1 660. 60 1 739.39 1 745.45 1721.21 1751.52
Amylase/(U/g) +39.51* +25.355% +34.55 +34.55 +39. 515 +49.79¢

H1Z% 6 R, Xk HECEELAIY v i A o P W 1
Na® K" -ATP [y — 4+ 2 WL IR L K 4 J JUL I
PRI T 1 A 5 SO IR T A PR AT R 4L (P <
0.058% P <0.01) . YFLERFFH & ik % 0. 91 x

107 cfu/kg Ji , B L5 i Bl 1 B BR i\ Na ™, K" -
ATP Jiff .y — 7% 24 It 5% BK it 3% P G Wl 25 28 fb (P >
0.05), MAMIFHEFEIEF 1.31 x107 cfu/kg
B, 4 FIL IR U3k i 0 14 TC o 2 A8 B (P >0..05)

F6 ARPRMABTEFEREBERE Na* K" -ATP 8,y - & B KBS0 AL B BB 100 %2
Table 6 Effect of L. fermentum supplementation on the activities of alkaline phosphatase (AKP), Na® K" -ATPase,
v-glutamyl transpeptidase (y-GT) and creatine kinase (CK) in intestine of juvenile Jian carp U/g

BT H & L. fermentum contents/ ( cfu/kg)

Ifi H Items

0 0.45 x10° 0.91 x10° 1.31 x10° 2.14 x10° 2.40 x10°
BB i AKP
Hif% Foregut  8.00 £0.49*  9.66 £0.56"® 15.63 £1.20°  15.51 £1.12%  15.57£0.99% 15.75+0.67
hiig Midgut  5.11 £0.47%  6.34+0.35®  9.72 +0.71° 9.91 +0.59< 9.85+0.79%  9.85+0.84%

Jal% Hindgut  1.17 £0.14™  1.60 £0.14%®  2.65+0.17 2.65+0.17¢ 2.71 £0.26%  2.71 £0.26
Na® K*-ATP fiff Na* , K" -ATPase

A Foregut 189.33 +13.57* 226.83 +5.21% 231.40 +£13.18"™ 249.70 +£8.31% 240.55 +21.60% 242.38 +14.10"*
i Midgut  179.27 +£13.10* 211.28 +21.30% 231.40 £20.60°°245.12 +13. 57 236.89 +14.96° 242.38 +9. 70
J&i 7 Hindgut  90.55 £7.51* 104.27 £8.80" 136.28 +6.78% 137.20 +7.23% 144.51 £10.53% 139.94 +5.21"%
vy — A E I K y-GT

Wi/ Foregut  60.37 £1.83*  63.09 £0.93%%°  66.46 £1.77°°  65.91 +1.97% 66.46 +2.23“  66.60 £0.89

hiz Midgut  69.42 £1.48%  77.77 £1.96™  83.77 £3.07  83.77 £2.88“ 84.09 +£3.21%  83.91 £4.12
J& /% Hindgut  74.21 £2.33* 02,72 £3.02%  98.40 £4.79%  97.85+3.13% 99.18 £3.96%  98.49 +5.02%
2= g WLIR 4

CK in whole

28.45 £3.06™ 33.20+2.43*  33.67+2.28""  40.37+3.12% 41.86 £3.86%  43.72 £2.50%

intestine
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Effect of Lactobacillus fermentum Supplementation on Growth Performance,
Digestive and Absorptive Function of Juvenile Jian Carp
( Cyprinus carpio var. Jian)

LIU Yu FENG Lin CHEN Gangfu LIU Yang WU Pei ZHOU Xiaoqiu "
(Animal Nutrition Institute, Sichuan Agricultural University, Fish Nutrition and Safety Production, University
Key Laboratory of Sichuan Province, Ya’ an 625014, China)

Abstract; The experiment was aimed to investigate the effects of Lactobacillus fermentum supplementation on
growth performance, digestive and absorptive function of juvenile Jian carp ( Cyprinus carpio var. Jian). In
80 days of feeding trial, a total of 720 juvenile Jian carp with average body weight of (22.35 =0.06) g were
randomly allocated to 6 groups with 3 replicates per group and 40 fish per replicate. The fish in the 6 groups
were fed 6 experimental diets containing graded levels of L. fermentum: 0 ( control group), 0.45 x 107,
0.91 x10°, 1.31 x107, 2.14 x10" and 2.40 x 10" cfu/g diet, respectively. The results showed as follows:
the final body weight, weight gain ratio and feed intake in L. fermentum supplementation groups were signifi-
cantly higher than those in control group (P <0.05 or P <0.01). When L. fermentum supplementation >
0.45 x 10" cfu/g, the productive protein value and productive lipid value of juvenile Jian carp were significant-
ly increased (P <0.01) ; when L. fermentum supplementation >0.91 x 10" cfu/g, the productive ash value of
juvenile Jian carp was significantly increased, too (P <0.01). L. fermentum supplementation could signifi-
cantly enhance the weight and protein content of hepatopancreas and gut, and fold height in foregut, midgut
and hindgut of juvenile Jian carp (P <0.05 or P <0.01). When L. fermentum supplementation > 0. 45 X
107 cfu/g, the activities of chymotrypsin, lipase and amylase in gut were significantly increased (P <0.01) ;
when L. fermentum content >0.91 x 10" cfu/g, the trypsin activity in gut was significantly increased, too
(P <0.05). Compared with those in control group, the activities of alkaline phosphatase, Na™® , K" -ATPase
and ~y-glutamyl transpeptidase in foregut, midgut and hindgut, and creatine kinase in gut of juvenile Jian carp
in L. fermentum supplementation groups were significantly increased (P <0.05 or P <0.01). These results
indicate that L. fermentum supplementation can promote the growth, improve the growth and development of
digestive organs and enhance the digestive and absorptive function of juvenile Jian carp. The optimal L. fer-
mentum supplementation for maximum weight gain ratio of juvenile Jian carp is 0. 99 x 10" cfu/g diet based on
broken-line regression. [ Chinese Journal of Animal Nutrition, 2011, 23(8) :1386-1393 ]

Key words: juvenile Jian carp ( Cyprinus carpio var. Jian) ; Lactobacillus fermentum; growth performance;

digestion and absorption
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