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B THRIAMTERBEABNERBERERE.
EFERREESERXEENRSENUR
I % A £ #0 52 2 45 47 BY % i

XM ZRgIET O EDUH skEME OE A& 9k FHER
(Abm T R MR 2 B B E RS RT , dE s 100097)

i E. KABREEAARS TEHAFAABAMA T ERKEAEARER ER2ABFUZTHHEL R
Jor BR 4 VA B i A A A R AR AT 0 e, B3R E 4 (20.86+0.62) kg WIS K xR
ZAE KR 140 Sk ALY A 2 (AT RAFRIEM)  HFASAEE HAANATH 14 K, FRA
A KR B AR R A KR 05% B A A Ae 5% &) T B SUAT B K BE AR AT 4 s 19
KM, TR S5 d, ERXH31d, ZRET. 5FBAMIL, ) XBEAERBEORER T
BESANREGT 6.32%(P<0.05) F2 12.23% ( P<0.05) , # E I EAK T 8.58% (P<0.05) ;2) X
A KBERPIBREORTREERD(P<0.05) , KT AL RENARAVHKETEIER
K (P<0.05);3) R AERBEER P LR . TRALELARBHROSES NS T 13.44%
(P<0.05) .20.51% ( P<0.05) #2 11.01% ( P<0.05) ;4) XA A K FE hF P L &G HKEG LR
KEOGGCALBEREGANLESHNRST 18.85%(P<0.05) .33.31% ( P<0.05) .15.85% ( P<
0.05) f2 45.86% ( P<0.05) , foik # R E R LS E AN A EH A EILT 19.20% (P<0.05) fo
52.72% (P<0.05) , VA LR EZWR  EFAR P HFma FREIUAAH LA TR ARG AKX
PEAE R R i A BT, M IR ALK S VR T A T 3 e EAR PR LR R R0 A8,

KW . & TECSUATE A B A KA A R 2R AW FELEIEW B ; R84
B4 %S :S816 X HkFRINAD : A X ER/S:1006-267X(2019)08-3747-08

BRI BT AR 28 A8 37 B A 7 v i R R
2 B B I 24 1 | 25 5k B R PR BTG e 45 (]
RO, S B i 22 A RN IS A B ™ T B, 4R
LA e AR B 4R T BT AR B B o 1R T
MBI TS PN A SR T 1), AR B W A I
Tk, ) R LR T e W ARDRL A SR A TP AT 2
T B R e R CIEY], LR A
S B AR AN 22 7= A K 1) LI T A AL | T
SR, 38 T LARE i GRDRL R BT E IR I T fiE
i ke AR ) 3 1T AR v DR R B SR 5 B T
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0D 15 - SRR = I 1 NUUR U R S R S
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T BEIR br R, O W K 22 4 v AR LR TR
K W DR BE R 2 A i S MR

1 #RER=E
1.1 R s A

e H L R T ) A @I T i LA R R TS
TR 5%10" CFU/g, At 5t i & AR R} 2 B & 44
BT S8 SR E A

1.2 RIEIER

FERMAA MY g 2 I8 NRC(2012) 20 ~ 50 kg 4K
5 SR AT E I AR R A R, DA R R A
&Y, BEK S 1.0:0.8, BT i FLAT B A L i
0.01% , IR GHIEG 8 AR B h % 5,37 TR
24 h S i SCENTEFUAT T R R, A T
FURT T & T i ek v 2L R T i 2.07x 107 CFU/ g,
RIS TR 95% FERIIRARFN 5% @Il 1 FLAT B & i)
BRI, A E TR & 1,

R1 ARAEARREFKTE(KTFEA)

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

i H Items

FERf A ML Basal diet AL M Experimental diet

J5 Bl Ingredients

K Corn

THH Soybean meal
/NE %k Wheat bran
KIEIM Soybean oil

£ %} Limestone

R A4S CaHPO,

fr#h NaCl

B+ B8 FLAT B & BRI Lactobacillus paracasei-fermented feed
TRkl Premix"

411 Total

# 37 /KF Nutrient levels”
1k fiE DE/(MIJ/kg)
T# 5 DM

FLEE BT CP

£5 Ca

&L TP

2R Lys

HATR Met

64.00 60.80
25.00 23.75
6.00 5.70
1.60 1.52
1.20 1.14
0.80 0.76
0.40 0.38
5.00

1.00 0.95
100.00 100.00
13.58 13.28
89.50 87.70
17.29 16.91
0.77 0.75
0.42 0.41
1.05 1.03
0.32 0.31

V4T IR R %A Contained the following per kilogram of premix; VA 300 000 TU, VD, 30 000 IU, VE 3 850 mg, VK,
135 mg, VB, 250 mg, VB, 650 mg, VB, 300 mg, VB,, 2.5 mg, #ifi& nicotinic acid 2 500 mg,Z [ pantothenic acid 1 500 mg, £
¥ biotin 75 mg,Cu (as copper sulfate) 500 mg,Fe (as ferrous sulfate) 10 000 mg,Zn ( as zinc sulfate) 8 000 mg,Mn ( as

manganese sulfate) 2 000 mg,I (as potassium iodide) 50 mg,Se (as sodium selenite) 30 mg,
DFY R M E RS R sz 1, HA R AE, DM, CP, Ca and TP were measured values, while the others

were calculated values.

1.3 iXWigit

VEH 140 3K F- 1A HE K (20.86+£0.62) kg
TR xR Z oo E KA #E0 AR E BE L5 A
R, B 5 A ER, BIEE 14 3%,
X R A R ) RS 5 e A 2R 0 B A AR R
AR IE R 95% il T AR RN 5% @ T 1% LT
TR & TR AR 2 B I R AR, S B4 S A

AL HEAT, P 5 d, B3I 31 d, s )
WA HCRE OK, R
1.4 MELRSFE
1.4.1 AKERE

30 T 56 T U R85 SR X 00 AT A
FREE, B K0 sk 25 4 B fRDRHE FEAE O, i i3k
KW - HYE(ADG) , V¥ H X & &
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(ADFI) BlHE L (F/G) .,
1.4.2  ZREREFFECR 54K IR IR & &t

FEME P REECE I RIS 2 R Y K, A
HREALVE SR 3 Sk Az K R A2 BT 224 23 00 R H
o B MRS 523 A1 38 0 B 57 JE A Baird-Parker
BRI PR 2R P IR T K AT T A4
O A IR B B . TR A A DL R v i b
O TR TR BB X B 1g(CFU/g) 1387

0 T 5 T o ) L B 1 g FEAE A
3 mL 50 mmol/L MR, IR 5415 4 Tiff
& 30 min,20 000xg £5.0> 10 min, B |1 W, 754
FEIE GC-6890 FI S AH (A FE A F IR . LR . A
e TR 5 T e e & &, A a4
RYERR WM & &, 6K 30 m, B &
0.32 mm, JEJEE 0.5 wm, JERE S FIER I 25 062 43
Bl A 260 F1 280 C, #H A N AR, WHEN
2.5 mL/min,
1.4.3 I3 A AL RN S 2 48 7

RIEE WG, A EE VLR 2 LA KA,
B # KR 1 5 mL, 3 000 t/min £5.0> 10 min, 43
BT 520 CORAFE . RHITH 37 7020 B H 3
AR A3 B A E i3 h S R (TP) L H R H
(ALB) BR#H M (GLB) JRE A (UN) & & f 4

WM (ALT) A 5552 il ( AST) BTG 1, I o
JIT AR ) &0 A A e 4 A W B R A BR A
Tl 5 2R G B b vk DU 2 1M 3 R 45 A R (1 (HP)
R Fr gt SR T T8 K A 25 W BFE O 52 ( ELISA) 25 0 5
16 AP RE Rk G(1gG) Rk H A(IgA) |
HIEERE I M (IgM) W & &, 25 AR E A & &
FE BT & A 36 [ ADI A H] e BREE A
S PR &0 ) 3E 1 Bethyl 24
1.5 HiELHESHH

TR 45 S B bR vE IR 2R, KOs 4 Excel
2016 ¥ A AL F 5 | 2R ] SPSS 19.0 &K v it 4t 57
FEA ¢ Ka 30 7 ¥ 047 53T, L P<0.05 fE R 2 R 1
HWIFRAE,

2 H#RESW
2.1 BEIFEIAFELZBAMAMERBEREED
A

H 3R 2 A0, X MR 2 50 00 20 A KOG IR
FAFY HREEER AR E (P>0.05) , 5XTHRA
XA A KB R ER ST 6.32% (P<
0.05) , V¥ HIMEHF T 12.23% (P<0.05) , B &
FCIEAK T 8.58% ( P<0.05)

®2 BIFBRIATEREBAXERKEERKEENZME

Table 2 Effects of Lactobacillus paracasei-fermented feed on growth performance of growing pigs

Ui H Items

X HE 2 Control group

R34 Experimental group

IR Initial weight/kg
T Final weight/kg
FHIH M E ADG/g
-2y H R it ADFL/g
BIE L F/G

20.69+0.95
36.80+1.36"
522.75+14.58"
1 218.32+12.55
2.33+0.05"

21.04+0.94
39.22+1.84°
586.69+17.27"
1 246.26+22.27
2.13+0.04°

[T RS R AR A R/ING R ROk 22 57 3% (P<0.05) . FEE[A,

In the same row, values with different small letter superscripts mean significant difference ( P<0.05). The same as below.

22 EIFBMIAAEABAMMERBEREDEE
HERRNT

H1 3 R, 5% A A L, i 4 A I p 3
{6 R L R T Y e e 5 R R (P <0.05) , R HT I
R4 B 000 48] ) PR TR Y B I R AR (P<0.05)
23 BIFBRIMFEABAMMEREEES
ERMEIEMRESEMFN

H1 4 R, 50k IRAL AR L, a6 4 A I 36
R /R T R LB 5 K PR NIR 7 R 14 5 4 o3 ol 2

F T 13.44% (P<0.05) . 20.51% ( P<0.05) Fl
11.01%(P<0.05) , IR \ N TR \ 5 T 2 | R 7 5+
IR B T 2 AR (P>0.05)
2.4 B FERILATE & B A A X A K8 i 7F A L A
R IR A 0

H ¢ 5 TN, S50 BRAL AR EE a6 21 A K 1M
HhEER BRER REREN G MRk E A
AME R E T 18.85% ( P<0.05) .33.31%
(P<0.05) .15.85% (P <0.05) Fl 45.86% ( P <
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31 &

0.05) , L& H /R R RN 45 & Bk 8 1 0 & 143 5l B
8T 19.29% ( P<0.05) Fll 52.72% ( P<0.05) , il

=3

Table 3 Effects of Lactobacillus paracasei-fermented

BHEM GEEREA M RS ARG SN
e MM 2 HZ W 2 5 A8 3 (P>0.05)

B TRANBRBARANERBEFERLENZM

feed on fecal bacteria populations of growing pigs
1g(CFU/g)

i H Items

X HEZH Control group

R34 Experimental group

FLER T Lactic acid bacteria 8.80+0.15*
KWGFF B Escherichia coli 6.54+0.10°
SO EIRE Staphylococcus aureus 5.80x0.31°

9.29+0.07°
5.98+0.14"
4.89+0.21°

x4

B FTERIAFBRBARANERBERPELEREHRSEMRIT

Table 4 Effects of Lactobacillus paracasei-fermented feed on fecal VFA contents of growing pigs

mg/kg

TiH Ttems

%} HEZH Control group

R4 Experimental group

H 2 Formic acid

LR Acetic acid

PSR Propionic acid

T8 Butyric acid

5+ THR Isobutyric acid

J%R Valeric acid

SR Tsovaleric acid

SR RYEARIIR Total volatile fatty acid

407.58+13.74
4 418.22+120.63"
2 956.12+169.19
1 880.23+134.13"
356.96+33.65
602.62+63.18
272.43+37.69
10 932.45%£251.94"

428.41+8.48
5012.15+151.98°
3 252.34+134.37
2 265.87+63.04°
306.99+16.25
563.78+55.60
294.12+22.55
12 135.67+264.46"

x5

Bl T B8 2LAT B & B R A K I iE A L AN S R AR AR B R

Table 5 Effects of Lactobacillus paracasei-fermented feed on serum biochemical and

immune indexes of growing pigs

TH Ttems

¥} HEZH Control group

R I8 4H Experimental group

MM TP/(g/L) 58.72+2.16"
H#&EH ALB/(g/L) 23.14%1.55
BREH GLB/(g/L) 35.58+1.34°
JRZ A UN/(mmol/L) 4.77£0.18"
B EEE T AST/(U/L) 38.27+3.31
KN Al ALT/(U/L) 34.20+2.55
45 5Bk A HP/(mg/mL) 1.8420.04°
HIEERE A G IgG/(mg/mL) 4.67+0.38°
FPEFRE A IgA/(mg/mL) 1.33+0.18°
HREERE 1 M 1gM/ ( mg/mL) 0.86x0.14

69.79+1.81°
22.36+1.16
47.43+1.22°
3.85+0.42°
37.41+4.24
28.94+4.05
0.87+0.28"
5.41x0.04°
1.94+0.04°
0.95+0.07

303 i
30 BITERAFERBEARNEREERERD
A

5T IN D, G AR v o 0 2L R v B 5 2 0F £ 4%
RS ALY RE 5 7 B0 AR, AT
BLRTH 08 KPR Y A TR 2

BHEWT AT 4G R 7 T N R R i 2 e AR K
W BRI AR FT i /b S AR A,
WT A A ] R W IR LA T A IR AR T L S 3 4
TP T35 3 o R AOR) 3 L ke 20T i
TE W8 R I I 20 % i Wi R 2L AT B 18 1)
BF AT 25 52 5 T 05 A7 4 17 2 H R P
YPIH ¥ E . AM, Russell £ Jensen 251 43
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SR IE T LR R A K TR BE 2 R R W AT
WRR B R AR R, AR A5 R R 7R
FAE R PSS 5% &)1 g FLAF T K R REAS
RS AR B 0 RRAOR L,
X Ud A R P ) 1 LA T NS R AT S R
AT LSS IARDRL R B IR A, 2 T IH AR, AT A
AT AR R R £ A AR PR RE Y 203
32 BEITERIAFELZBAMNERBEERNESF
HEMIN

T Ak 22 LR TR A I8 I 7 A ) SRR T FAT BILTR
AE A% 5 IH A 1 P LR T AR, B AR AL E pH,
0T At g Jir P Bl A A 1 A A TN BB, DT
B 0 AR S O A il A
WL A6 KB R R W A4 5 2 B, =5
MEBANEY T ARE MR ARG ES, KD
FFTERTYD T TG B 9 B0 AT R 34 Yin 50220 A
van Winsen 45 % () ifF 55 45 S 2 0 | LR oA & i 1
B RYFLIR | £ TR A0 H A — S 10 T W) o mT LA AT 3K
Wl AP 3 R U T PG AR A T RO B, 5K
PAEDO ot e B T R LR T K IR A R
BEAR T A48 208 b ROl A i A B, S v T 3R
FH A o oAb, R 25 55 2L MR I A R
P ek o) MR AR R e B, 60 v L IR T Y
L EAR S KT T A ] IR A B e A
ARG Ty, AR O T W R T LA T R BEARRH
FEAH LR A Y B B R R A T A 4 B
R4 BRI RO B IR, X 5 DL B BR SR A R
FAMRL, P T UL R T I L AT T I8 AR B A% 4
il T A A T R BB, R T AR 8 T A R
AT A 3 Mg 1 A B A 5 TR A FRARVE
33 B THMIMERBAMNERKBEEE S
BERMERERBRSENZN

R 5 T b 1) T R B % TR K AL & 0, AR
W Z R K EIR NI RR (N2 R VN TR . T TR
S, IXEE/ NG TR i D R 1T 0 b R 20 R A A
HREIRAI AT, IF B T A AR iR A
JH AN 1 J T8 Al e 55 Oy Tl LA 8 AR
REWIFT B 22 UE S, 1R 38 0 4 AR T 1l 7] BE %
b i A 4% Tl R0 2 R AR k1R IR B IR R
U RIS AT ) TR 25 R TR K
R S o T T LA TR R B IR RS L 2E R 2
MR T R AR A VIR T R 1Y 5 i W T, R
FLIR T & B (RDR 0 1 i 1 TR R R B 2K AR S ) Y

AR, A2 T R a8 P R S D R Y R A, X AT
et 2 AR T LR TR & AR RE A8 el AR K
i i B A AR R PR RE AU AL ER BT 7E
3.4 BIFEIAFHHLZEAAAEKELEFEML
R IE R RN

I35 A AR 48 Br AT LA S WAL AR 785 SR A0 155 100
F AR YIRe, M 1] 22 fs e 3 4 | A e PR R L
MLYE B H A A MBRE A4, s B E A,
LR 5 MU B8 15 A0 W e AR IR 0 A 6,
BB T v 2 B Y & A A G 6 T
I35 BR AR 15 ML B A S s A O, A B A
EERE R R R B EN, 54
WREW I B ME PEREAMBEANS
BT AR N7V 842 T T . W 4= 1 A S 8 =
FEREE & /= R0 R4 I8 3 T &, Ul B I T R
FLAT B & B iRl e 8 i 8 AR KRB I R 3R A BT
J, P R R SR, IR R LR B g

[IRCITE - B 3oL/ RNCE AV~ T iw i}
(2=, H B T L v i M s i sl ) A TN 2R
F AR R 2 3 R =2 T g S R O, B AN Al v
PR 2R R WA R SR R A 4, ML R R A
RGP AR IR 4 AR A K A I
T FLAF B & B R R S, s PR R A&
I KT X R, 3% B R T LR PR R )
AT DR A KR B 8 B R, 3 mALAR J TR,
AT B v A K TR, X AT RE 5 I T L AT A kI8
Ja R R R R IR A SRR A R

EREAR—FAEMER, 5P
TR RAE KA G pE S HE LI N K 2 i
¥ 45 5 T gt B 1) PR 2R 8 DA O, BN Sk 2 A T A
AR P St I B e H A U R R S R A
RCA AR A By U0 P B A fe R A Ak
% AW E A M I R W, 18 Wi A7 5 i A
TSI E B EQ AT TR a8 A A 08 ) R o s n e SL AT
B, W e RS TS rh 4 S R A A R
A 5 2H AR R R S 0 T LA
WARME G, HME P& G 5%REA NS &L #F
BTG, 10 B R T 1% LA PR & T R} BB % I (IR A 1<
WU N Sk 0 8 A B, A 0 3 i feke R Oy e L
ARAEH .

G BR AR 1S A R Y 3 B A A, R I
PLAAR e 22 T i 1% B2 22 48 A, L7 5 199 1y IR AT s ke
BLAR X 5% B SR P AE 177, Kunavue %™ #F 58
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T Ak T DL e T A 10T TP S BRER T M A
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TN TN A A T 4R AT I R e ER R A Y
i, AR REW, SXF AU L, g Ak
KB MG sk B G MAERE N A S &
2T, 3 IR AR R R I LA A A AR
B BT 4 AR K 0 S T RE DA T $E o5 5
(R FEE IR T, X P RE PR Ry, FLIER B AT LA 2o 1A
W i 3 T B S A 0 O 3 M AL 20 A e R ER R
F1, R 1 bR E0 40 25 i, 398 50 8 7 25, 4 o BILAA
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Effects of Lactobacillus paracasei-Fermented Feed on Growth Performance,
Fecal Bacteria Populations and Volatile Fatty Acid Contents, and Serum
Biochemical and Immune Indexes of Growing Pigs

LIU Hui JI Haifeng® WANG Sixin ZHANG Dongyan WANG Jing ZHANG Wei WANG Yamin
(Institute of Animal Husbandry and Veterinary Medicine, Beijing Academy of Agriculture and Forestry
Sciences, Beijing 100097, China)

Abstract; This experiment was conducted to evaluate the effects of Lactobacillus paracasei-fermented feed on
growth performance, fecal bacteria populations and volatile fatty acid contents, and serum biochemical and im-
mune indexes of growing pigs. A total of 140 Landrace X Yorkshire crossbred growing pigs with an average
body weight of (20.86+0.62) kg were divided into 2 groups: control group and experimental group. Each
group had 5 replicates with 14 pigs per replicate. Pigs in the control group were fed a basal diet, and pigs in ex-
perimental group were fed an experimental diet which consisted of basal diet (95% ) and Lactobacillus paraca-
sei-fermented feed (5% ). The pre-experimental period was 5 days, and the experimental period was 31 days.
The results showed that, compared with the control group: 1) the final weight and average daily gain were in-
creased by 6.32% (P<0.05) and 12.23% (P<0.05), respectively, and the feed/gain was decreased by
8.58% (P<0.05) in the experimental group; 2) the population of fecal lactic acid bacteria was significantly
increased ( P<0.05) , and the populations of Escherichia coli and Staphylococcus aureus were significantly de-
creased (P<0.05) in the experimental group; 3) the contents of acetic acid, butyric acid and total volatile fat-
ty acid in feces in the experimental group were increased by 13.44% (P<0.05), 20.51% (P<0.05) and
11.01% ( P<0.05) , respectively; 4) the contents of serum total protein, globulin, immunoglobulin G and im-
munoglobulin A were increased by 18.85% (P<0.05), 33.31% (P<0.05), 15.85% (P<0.05) and 45.86%
(P<0.05), and the contents of serum urea nitrogen and haptoglobin were decreased by 19.29% ( P<0.05)
and 52.72% (P<0.05) in the experimental group, respectively. The results indicate that Lactobacillus paraca-
sei-fermented feed can improve the growth performance, regulate the intestinal microbial balance, enhance the
immune function and increase the contents of volatile fatty acids in feces of growing pigs. [ Chinese Journal of
Animal Nutrition , 2019, 31(8) :3747-3754 ]

Key words: Lactobacillus paracasei-fermented feed; growing pig; growth performance; fecal microflora;

volatile fatty acid; immune indexes
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