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BRI RIS S0 %, R 96 kR EARIE 69 21 B A x ¥k x K7 =02 W15 0,
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AREOTEERZFHFH AR E(P<0.05); 5@ atat, REKF K G T I F B
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1.2 EmiEm
JE il A R 2 BE 25 [ NRC (1998) 5 ~ 10 kg {1
W IR T BRI R R s AR L,

®1 ERARAMREFRKF (RKTFEAM)

Table 1 Composition and nutrient levels of
the basal diet ( air-dry basis) %

i H Items 2 & Content
JEUB} Ingredients
F & Corn 59.20
f4 4y Fish meal 3.00
5k Soybean meal 24.. 00
YK ¥ Wheat middlings 3.00
AR %45 CaHPO, 2.00
1 #; Limestone 1.00
15 Whey powder 3.00
A h NaCl 0.30
FLALIE % Emulsified fatty powder 3.00
4L HFH, Choline choride 0.10
#i5R Lysine 0.34
7 R Methionine 0.06
iRkl Premix" 1.00
41t Total 100. 00
#F K Nutrient levels”
AL fE DE/(MJ/kg) 14.46
HLEE H i CP 19.50
#1 % 2 Lysine 1.35
i Ca 0.80
Wi P 0.66

U BUHR AT A T 5 KR A The premix provided the
following per kg of the diet: VA 2 200 IU, VD, 200 IU, VE
16 mg, VK 1 mg, Hf choline 200 mg, iz i¥ pantothenic acid
6 mg,VB, 2 mg, I/ folic acid 0. 3 mg, {{fiZ nicotinic acid
25 mg,VB, 1.6 mg, VB, 6 mg, 44 & biotin 0. 08 mg, VB,,
0.01 mg, Cu (as copper sulfate) 6 mg,Fe (as ferrous sul-
fate) 100 mg, Zn (as zinc sulfate) 100 mg, Mn 20 mg, I
0.14 mg,Se 0.3 mg,

2 IHALRE R R, HoA 92 . DE was a calculat-

ed value. The other nutrient levels were measured values.

1.3 RIEigit

TG R B D ZR A 0, e 96 Sk A E AH
LR 21 B AL x < x R” =02 8 Wi i A 4% , b
BLo> D 4 21, 53 ) ) PR Bl AR AR (%) IR ) R Al £
M +250 mg/kg FLERE B LA AR + 500 mg/kg

FLER AR E SRl A R + 750 me/kg FLEREE B, AR
4 IR AR 6 AR, TN 7 d,EE 21 d,
1.4 @AFEE

T SRR B0 7 K VD MO AR S R A A PR 2 ) % 1
PG4T o IR HT 1 JE X B AT B . AT S
e S e N el I W s 1 O e 1 71
£ K 08:00,14:30,18:00, HLAAME 3 ¥k, HH R E
5K B HXTE S 2 W, B 3 d #H 75
THEE LU ATHE e B Ha DL R b i) % 487 4% 8
Y IRE I AT
1.5 MEHER
1.5.1 KRR

A3 T I i A e, FUR S B AR, BR
Bk, 3 R o SO F BAF RS 3 H 3 R
(ADG) | *F- ¥ H 3k & & ( ADFI) L) J& ¥} 5 b
(F/G) .

P H B (kg/d) = ORE - 1) /50 KRG
I H R (kg/d) = (H0BHE - RpoptE ) /
I R
FEL = BRER/SNE,

1.5.2  JpiEm s

R 2 o, BT AL E A 1 Sk A
FHE T YRl IR O AT 1 AT 0 B S R
B oy RIS s B M B, TR M 4L
7 RPEE N S0 5 AT K I FF I 3L R AT 1R R 1
WE . M1 g B N2 4 v 20 1 o k] 1g
(CFU/g) |,
1.5.3 mEBEES

IR 45 A, AT T R AL 1 Sk AR
LT B IAREE Al BRI A7 0 AT 8 52
MAZ 38 W 25 B A e g b Be B R 2 1 em 4 21
FE,10% 48 R bk [ 2, 8 RS RS LK, A b
DI a3, U B 4 ~6 pm, 75 KK - fHAL
(HE) Jeft . SR DT 2000 i@ H B4 53 B 4b 38 R
G2, HAFESL ISR 3 Sk R IESEVEY R, B RE Rk
10 AN S RUA Y 02 /N i 9% o S B s TR R, B
FOFHME .
1.6 HIE&ZITHHF

Jit 4y B 4 28 Excel 9] 25 4k #, 7 F) 1 SPSS
13. 0% 31 3 4 v () 238 R 8 J7 25 43 It ( One-way
ANOVA) 87 #4753 #71 , | Duncan [Q ik iEfT £ 8
Fb#, P <0.05 22 R W3, P <0.01 2 7l
o BRLOPHE £ bRfE2EFRIR
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1500 mg/ke (7L AT 2 35 4 i BT 41 4
PIHEE (P <0.05) ; 5 X BALA L, 3 LAk &
I RE B /55 W7 03 A7 4 10 °F 121 H R £ 5 R0 R IR ORL B
b, H2E RN EE(P>0.05),

2 # R

2.1 FHREBEXETFEE KT
H1¢ 2 "] LAFE M, A8 4R R P B8 AS [R] 2K P 4

FLBRE A, Al e AP35 AR Ko X BRI AR |, 250

K2 IAHKEANEHTHFEEKEENZE

Table 2  Effects of lactoferrin supplementation on growth performance of weaned piglets

i H Xof HR 44 FLEE BN /K Lactoferrin supplemental level/ ( mg/kg)
Items Control group 250 500 750

145 Initial weight/kg 7.89 £0.21 7.90 £0.52 7.88 £0.27 7.88 £0.20
< Final weight/kg 13.56 £0.19° 14.23 +0.28% 14.45 +0.35° 13.79 £0.16™
45 H 1 E ADG/ (kg/d) 0.27 0. 02° 0.30 0. 03" 0.31 +0.04° 0.28 0. 04"
SEH5 H R i ADFI/ (kg/d) 0.44 +0.01 0.46 0. 01 0.46 £0.01 0.45 +0.01
B F/G 1.62 £0.05 1.51 £0.03 1.48 £0. 04 1.59 £0.05

[T 88 AR A NS F R85 57 B2 (P <0.05) , RARE SRR 22 il .35 (P <0.01) . TR,
In the same row, values with different small letter superscripts mean significant difference (P <0.05), and with different

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

2.2 FUBRER X W A M T R R P R 750 mg/kgFL Bk A5 X IR A L, 22 57 A B3

o1 3 WM, Xt R AR LG, S FLER SR
F AR E I R AT R0 (P <0.05) , o
500 mg/kg FL Bk & H 4L B B B EKF (P <
0.01) ; A ImFLEkE F e i B 1 b FLIRAT 1/ 1 %L
i ,500 mg/kg FLEHE H A 5 x AL, k2 8
FRF-(P <0.05) s U IFLBRE HFRAR T 450 ok
AT v A 2, Herh 500 me/kg FLBK B AL S
MR AR L, 1K B 2 3 K F (P < 0.05),250 Al

(P>0.05), KA ZHERARE(P >
0.05) ; B INFLEK R 1 REHE = 45 1 vh FLIER AT 1 i 4
1,250 mg/kg FLAKHE (41 5% BALAE L, ik 3 8
F K (P <0.05),500 mg/kg FL 8 HE H 4 5% I
HAH L, 35 B H 3 KFE (P <0.01),750 mg/kg
ABEAA G UM, Z5 A8 F (P>
0.05) ,FikImAZ A ZF A RE(P>0.05),

R3 AKREAMEBTNFEEERFYENTIT

Table 3 Effects of lactoferrin supplementation on intestinal microflora of weaned piglets

lg(CFU/g)

i H X HR2H

FLEE Sk Lactoferrin supplemental level/ ( mg/kg)

Items Control group

250 500 750

E W Cecum

KIAFEEE Escherichia coli 7.69 £0.28% 6.77 £0. 205 6.51 0. 22 6.84 0. 245
AMFTE Lactobacillus 7.53 +£0.25" 8.23 +0.23% 8.55+0.21° 8.23 +0.22"
%517 Colon

KIGHTFT Escherichia coli 8.03 £0.06" 7.55+0.21% 7.28 +0. 28" 7.62 +0.25"
AFATT Lactobacillus 7.54 +0.23% 8.15 £0. 04" 8.61 £0.29" 8.06 £0. 07"

2.3 AHREEXMEIFEBRRLSHZMm A B R B R S/ R TR LB (P < 0.01)

&4 AL N ik A, 55 4L A
Eb, % i 250 F1 500 mg/kg FLAK B K B 4 =
WEmE(P<0.01),750 mg/kg FLEHEH B #H R
Y ERB(P<0.05), £ 4] 5 X ATH L,

=R E 250 F1 500 mg/kg FLEkE 140 5 % R
ZHAH L, B S R R AR R R R BR R TR
JEHAE(P <0.01),750 mg/kg FL Bk H 45 % IE
ML ZEFARZE(P>0.05) , NEGRE, &k
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BHAREEEREFES TMNIBH(P<0.05), Hf
250 F1 500 mg/kg FLEKHE FH A1 3% & T X0 B4l

(P<0.01), & iR 50 41 20 C = B/ B sy R BB LU (B A
R TX 4 (P <0.01),

T4 AKEONEDFEGRERLSHRME

Table 4 Effects of lactoferrin supplementation on intestinal mucosal morphology of weaned piglets

RE| X HRZH

FLEE S NK - Lactoferrin supplemental level/ ( mg/kg)

Items Control group

250 500 750

+ — %8 Duodenum
¥ Villus height/pm
s R Crypt depth/ wm
YR R/ B IR (B V/C
25 g Jejunum

44 E =% Villus height/ wm

G s R Crypt depth/pm
HEmE/ RS REE V/C
[\l Tleum

44 E i Villus height/ wm
KsSRIE Crypt depth/um
SR P/ B IR LB V/C

185.31 +£13.14™
133.58 +4.72°
1.49 0. 48

155.13 +14.18*
101.93 +3.19°
1.52 +0.10*

170.51 £9.21*
117.50 +4.15%°
1.45 +0.25*

238.72 +£9. 93"
.63 £3.51°
.96 £0.29

.68 £15.92%
.78 +£8.81"
J12 £0.57%°

.52 +14.58%
.25 £3. 7348
.87 +0.46"°

205.28 +6. 884
123.61 +5.87°
1.71 0. 345

241.45 +8.33%
117.93 +8. 43"
2.05 £0.22

182.11 £9. 18*B®
100.27 +1.77"
1.82 0. 36"

204.18 £8.78%
90.25 +4.76™
2.27 £0.45%

194.93 +13. 23"
110.55 +£3. 31
1.77 £0. 725

206.35 +8.89%
96.12 £5. 73"
2.15 +0. 54

3 9t i
3.1 FHEAXNBINFEEKERNZIT

R BT 5 52 B8 57 R EE O BRAE 45 U7 T
MY, T BOILIR HLBE T B, KB 1 BE A, AT 51
RATHE W T AR S ], 2 10 5 R AN [ 2 B2 i R
FRE RSB T, R AR A PR BT
TR VR YT G g% A U i R T L R i
MU AT B A AR 3P I 6 S5 i 12 SR B IR R T 2%
P2 WT AT i AR K P RE

TR AR W98 22 B, 76 G AR b 8 L 2k 2 A
REFE S A7 48 H 3G, o0 1k A R BRI TS
R OEI100 230 i1 400 mg/kg FLkE A
- H 3 2 T IR AL RS i 50 mg/kg L
BREHA(P<0.05) , R0 41 2 AR 25 7R
WE(P>0.05) {HJELIG N 230 mg/kg 4 ik
A, 7E A KR S i 250 1 500 mg/kg FL gk
HEERE R E RSP HIEE (P <0.05) 125
FHHREE, B EIL(P>0.05), 5L &
RS R
3.2 FHEANBINFEBERFEENTID

KEAF TR, FLER AR o 0 LA S
R, s/ 5 PR AR o A W ) AR A ) 4 S )
45 S W 1 B BE A/ o Teraguchi 28 fF 5 4
FLERE X SPF B 8 P4 40 B 19 52, 3 36 445 SR

TR 0.5% ~2.0% FLREAMAFFL, B R
THARE P9 K T B0 A2 2 20 m B o 2R
MILBE AR GRE N LK. Xa =% )
T8, BEFLME SR A 2L 38 P BT 1 A EL FR AT
WA I LI T A SR B L 2, X 2 R
HIEF I ASEA SR HEX R Hellweg
SR AR RS R AR AR R R iR ) KO 3L gk &
1,485 0,120 F1 1 800 mg/kg, 4528, i m
FUER AR 19 4 20 28 08 b K 1 o B A BRI i
o Wang 2578 Wi 45 A7 55 IRBOR AR 0 1.0 g/ke
FLRE R, MW 1 A A5, 5% BALH e, w] DLk
DRI B RIS T ECAT 2 (P <0..05) 38 i
S5l 2L R AT T AN B BB AT T R B (P <
0.05) o Ao 15 BN ARALEE R , 7 W U414 il
TSI FL R 1, B I 2 BRI 1 KW T A 4L
i, P LR AT E B (P <0.05) o Hs EUZ 3L
BRI E T i b R, BEP0 6 A 2L FB M,
KIGFFPE GEBIRBE AP T QR &5, i i 55 22 1R
BE P T, 20 o 200 T 5 T < 8 ) 25 3K T DA B
B TR RT RO E X R SRS 2
Y CAnFLERAT ) A EOR ] .
3.3 FIEEANMNTREBRERLSHZMN
JIN R W W AT 48 S 3 ) Jo W AL RN e 18 ) R
BB, /N B TR 25 450 1E % 5 & 2 R E AT 58 TH
RIS T Re ) e . /N SE T R S R IR L
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1B TR T B i TIRES 25 1) R W) 115

LR v L/ s8R BE 1Y LU AE 2 B /N i 4 I E
S I RE R EAR IR R

KA 5ok W, FLEk & HREH I/ 98B =
B WRIRRR B IR EE o K AE " A A AR LR O
FLERE F 250 F11 000 mg/d, =5 i B 25
Bz i Je BEAR B 3 T X IR (P <
0.05) ;- 45 . 25 W iy Be 2= W vh BES B R/
B TR B B LU (H 2 3 i T IR (P < 0.05)
Humphrey %" 72 Py 38 5 42 p V8 05 45 2634 L4k
HEAZER IO, I GBI THERWAER L,
RFVNIGEAL T BB A ESERES T
PLAERA (P <0.05) o ALIEREW], 7R AR
S BEA G, SRR ARIEHSY R P E
B E N (P <0.05) , Bss TRIEL AR . FLJ A
e LK ER 1 B 95 i T8 bk A T i AR i, ok B
ST g 30 1A LR R A 2 AP 3 P 48 4
lei) Fif, 7L 2K B 1 A R 9 o T 4 L 1 2 0, 6
T8 A g R QOBUBERT B AL BRAT 1 S RO el
DRI B A AT T A I B, AT PR B AT 5 T
TEERE AT, 9m AT T T8 %8 R W o BT Ak T
WeRE Ty, AR TS ¢, $ g AR TR RE

4 &

@ FUBREE i {25 Al ok 3 rp FL AR T 1R 45
A i T R BT 0 A DR M AT TR ) 30 B B O
TR 25454, 4 i i 18 D B8 , AT 72 s DB W3 414 119
AR HERE

@ ALE AT, FLERE A & B A I
250 mg/kg,

SE
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Effects of Lactoferrin Supplementation on Growth Performance,
Intestinal Microflora and Mucosal Morphology of
Early Weaned Piglets

LI Meijun' FANG Chengkun® ZHANG Kai' LI Yunhu'® FANG Rejun'”
(1. College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China;
2. College of Orient Science and Technology, Hunan Agricultural University, Changsha 410128, China;
3. College of Hunan Biological and Electromechanical Polytechnic, Changsha 410127, China)

Abstract; This experiment was conducted to investigate the effects of lactoferrin( LF) on growth performance,
intestinal microflora and mucosal morphology in early weaned piglets. Ninety-six piglets weaned at 21 days of
age were randomly divided into four groups with four replicates in every group and 6 piglets in every replicate.
The four groups were basal diet group, basal diet + 250 mg/kg LF group, basal diet + 500 mg/kg LF group
and basal diet + 750 mg/kg LF group, respectively. The experiment lasted for 21 days. The results showed
that compared with the control and 750 mg/kg LF group, diets supplemented with 250 and 500 mg/kg LF
could significantly improve average daily gain( P <0. 05) ; compared with the control group, LF could reduce
the sum of Escherichia coli in caecum( P <0.05). The supplementation of 500 mg/kg LF was significantly in-
creased Lactobacillus number in caecum and colon( P <0.05) as well as significantly reduced Escherichia coli
number in colon( P <0.05). The supplementation of 250 and 500 mg/kg LF were extremely significantly in-
creased villus height to crypt depth ratio in duodenum, jejunum and ileum( P <0.01). The results indicate that
supplementation of LF can improve the growth performance and regulate intestinal microflora as well as muco-
sal morphology. The optimum supplemental level of LF is 250 mg/kg under this experimental condition. [ Chi-
nese Journal of Animal Nutrition, 2012, 24 (1) ;111-116 ]

Key words: lactoferrin; growth performance; intestinal microflora; intestinal mucosal morphology; weaned

piglets
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