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Table 1 Composition and nutrient levels of starters (DM basis) %

W H

Items

JFE ¥} Starter

5 NDF 7K High NDF level

ik NDF /K°F Low NDF level

JE Bl Ingredients

Bk Alfalfa meal 15.48
F K Corn 52.16
/NZ %k Wheat bran 3.04
K F Soybean meal 11.18
FLiEN Whey powder 1.05
J% ¥ 55k Fermented soybean meal 11.66
i1k K 5. Expanded soybean 3.15
£ ¥ Limestone 0.84
IR Kl Premix" 1.11
12k NaCl 0.33
411 Total 100.00
377K F Nutrient levels”

T¥ 5% DM 88.94
TH1LAE DE/(MJ/kg) 11.57
HLEE BT CP 16.18
£5 Ca 0.57
W P 0.25
TR 4T 4 NDF 15.13

1.56
64.20
1.02
16.68
1.06
11.73
1.06
1.23
1.12
0.34
100.00

88.35
12.20
16.17
0.58
0.27
10.00

1) BUR kN T 578 - & RH2 4t The premix provided the following per kg of starters: S 200 mg, Fe 25 mg,Zn 40 mg, Cu
8 mg,Mn 40 mg,I 0.3 mg,Se 0.2 mg,Co 0.1 mg,VA 940 IU,VD 111 IU, VE 20 IU,VB,, 50 IU,
2) T KL 10 45 B | PR R AR A S (L, TS AL RE S 5 (b R R LA BB SR ) (2010 R4 21 i) B

1%, DM, CP, Ca, P and NDF were measured values, while DE was calculated in reference to Composition and Nutrient Val-

ues of Feed in China (2010, 21st ed).
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HH T A G AR i 28 A TR] R R T RS 2 B K
ARSI I 5 wm BV R, 95 AR 40 (HE)
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mn g 3 M ERESEY) Bk ) R dk HE 3 ASHLET
RSP 53 10 5 480 .

1.4.3 ¥ B /N N 25 PTG 2 )
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KEE, R ARy 1:5 mMA 4 TH
0.4 mol/LEMHFIF M VKB 219K 45 s, 21K W 4 C
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TE VR LA 52 T A B
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Y EERPEAR S E, BEEABMILER
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45 % 1 SPSS 19.0 H1 ANOVA & /5 #E 17 5

RZ 7208, 25 12 & 51 Duncan (K EEH#HITE
EIE, WS R U E R EIR R R, P<
0.01 H2Z BB FE, P<0.05 NERBE,

2 &% B
21 ARMNDF KEMEFZEEEZHLAESHN
=41

% 2 TTLLE Y, & NDF 7K 4 199 B 73k
K NUZEEE, WS 2k K Lk 58 W2 R
JE e et g8 B VL2 BE DL N 4 B8 L) IR H ik
B T B ZH (P<0.01) 3 B KB 48 &
IR 2 JEE R 4 8 3 e T IR 4 (P<0.05) , 5 NDF
TR AL AR B LZ R B A b
5 T NDF /KB4 (P<0.01) 3% 5 W 58 3 L
JEJEEJE LA K 2 R B  JE %) 1 3 1= FIK NDF /K
V-4 (P<0.05) . 254 IE) B 7Lk SE i 25 R B
(P>0.05) .
22 ARBNDF KEMEFMNFHLAEESHN
=AU

& 3 nLLEH, S dlm T+ K E
ZRARE(P>0.05) , 5 Ik NDF KP4+ =
6 M e s DR EE A S AR X BREH ( P<0.01) , & IR
NDF 4 7] 2 5 A i3 ( P>0.05) ; & X NDF 7Kk °F-
T 48 W U2 5 B W S 3 s T IR (P<
0.01) , % X NDF 4 [8] 22 5% R 8.3 ( P>0.05) . 1
NDF /K V-41 1425 I 9% B K B A S 35 1% IR 4
i NDF /K41 ( P<0.01) , 5 fIk NDF /K425
1 16 85 R S A T % IR 2H ( P<0.01) , 75 NDF 7K
S-2H 1) 7S B L TR B 3 v 1% IR (P<0.05)
155 K NDF 7K 21 1 [0 i 28 6 K A I 35 /8 T 4
HRZL (P<0.01) , 4541 (] 5] i B s TR B 25 5 N I 3%
(P>0.05) ; 5 A& NDF 7K 41 1 5] i JIL)Z J5 2+
I ZEE T RE4 (P<0.01) , 75 NDF /K4 025
Tk NDF 7K F-4H ( P<0.05) .,
23 FEBNDF KEMNEFHHERBTHEDN
=AU

M 4 AT LA W X I8 4 iR AR T
e 3 5 T % NDF /K4 ( P<0.01) , %5 NDF
JK 20 W i 3 5 T NDF /K4 (P<0.01) 5 fi%
NDF 7K 4109988 H o —JE B Bl 35 M 0 25 v T X R
4 (P<0.05) , %I 2 5% NDF /KP4l 0 22 5 A8
F(P>0.05) ; HAMEEAERMEEERAR
F(P>0.05), ik NDF /K102 1 o—TE B il 1%
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(P>0.05) .

B T X BB 2H 1= NDF 7KFE4H ( P<0.05) , 4%
T8I N E B o —TE M GG 1 22 S AN B 3
LB 48 W 25 B A el g JBE B

WG 2% BN B 2% (P>0.05) . ik NDF /K40 %)

AR s T AR g Je e P R e T
F2 FARNDF AEHREELEERAQHSHHM

sk
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H (P<0.05) , = NDF K41+ 38 m R E A

P 25 15 T R

H(P<0.05) , = NDF /K21
[ 25 1 1 1] i Pl 2 1 R 0 1 5 0 R 25 SO
(P>0.05)

Table 2 Effects of starter NDF level on tissue morphology in each stomach of lambs pm

Tt H Xif HE 21 1 NDF 7k-F4H {ik NDF 7K F-2H
Items Control group High NDF level group Low NDF level group
e .3k K Papilla length 206.98+9.35¢ 528.90+24.86" 426.25+22.86"
;uien FL3LFEE Papilla width 185.96+18.04 231.92+13.54 180.67+10.61

WUZEJF Muscular thickness 151.03+4.22°° 255.64+22.17* 201.90+21.324%®
. })’L%&{eﬁ Papilla length 174.86+16.23"° 323.04+11.07* 269.51+10.78"°
Reticulum F.3k 96 Papilla width 88.06+10.13" 145.48+6.06* 118.28+3.04™

ALZJE B Muscular thickness 172.92+7.94° 414.00+8.66" 282.60+20.83"
e M FE Papilla length 1719.49+27.78° 3105.00+337.80° 2643.64+253.20™
Omisum M58 BE Papilla width 181.29+7.05% 298.25+15.29% 237.23+17.62"°

WLZJEE Muscular thickness 284.18+30.69" 418.76+19.11* 348.35+10.49"%
4 FhHE)ZE B Mucosa layer thickness — 223.03+13.56° 291.35+16.95* 211.94+5.97"
Abomasum WUZJEE Muscular thickness 116.96+7.93% 291.34+22.98* 189.11+27.8248°

[FATEIE B AR AR /NE FHRRR2ZR BE (P<0.05) , AR KE FHLEREFHEE (P<0.01) M8 LFHERRE

SARBE(P>0.05),

ESCN

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

ital letter superscripts mean significant difference ( P<0.01)

difference ( P>0.05). The same as below.

x3 FEE NDF KEIZEENFHRAFSHZN

, while with the same or no letter superscripts mean no significant

Table 3 Effects of starter NDF level on tissue morphology in small intestine of lambs pm
WA Xif AR 4 & NDF /K F-41 ik NDF 7K 41
Items Control group High NDF level group Low NDF level group
- HEKE Villus length 274.80+9.27 305.96+21.13 276.56+9.21
Du;d;um BB L Crypt depth 240.14+9.79™ 159.97+6.66™ 143.62:4.99™
WUZJE JE Muscular thickness 64.74+6.77" 127.28+8.21* 116.62+7.61*
. S EKE Villus length 275.25+5.96™ 310.97+18.47* 245.67+5.10%
ijzum B35 R Crypt depth 270.80£7.33" 141.83+9.29" 157.60+8.59"
ALUZJEE Muscular thickness 92.61+2.33" 100.75+2.05° 95.30+2.58*
ZEKJE Villus length 308.52+19.12%° 409.75£15.25% 395.14£32.87™
;El Lﬂfn B ERE Crypt depth 483.82+22.17 520.61+26.38 538.33+24.22
HLZJEJE Muscular thickness 55.29+4.455 99.15+3.17* 82.63+4.44°°
B, EMEET R R R UL SR
3 i % [ R 1 B AR ARG P RN T

3.1 FEEINDF KEMEFEEEA

E} ur]

AN TR AR S Y 22 52 0 1 % < 3 ) 1 AR 18 &

I:I
=\

LREH

BHE SR EEERL L& E N2 EE S & T X
W& 4 | = NDF 7K - 41 J5 /5 BE
NDF /K F-41, Sander 25"V BF 57 % B, 9 B =
S Wy A ) S 4 i R,

BER A a A, HROR R

2 TR/ E N
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AN A TS, Wang 48 Hz 38 #MF 18% NDF
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THRIEEJR LL RN R EE /R L 44 I 2 v Tl Rl 4L, X
54 5 4 808 25 W 52 45 2R A0 0T N7, 1T g 2
15.13% NDF 7K1 I+ & RLFE 98 5 A 9 18 F
T o AR R EE IR DT R AR i T H A BUE S
KA o WH EORRE A R B Ak BE e 2
AR & T EORS B L et v, S 1 P
BERGI & 1908 B e, 9 B FL L B 45 7E — R R AT

T8 ' A ST AR, AN TR R T R 1% KL ]
L1 RE % 8 /0 £ BE BE B BB 1 T B, 4k 470 B
fat e At Harrison 25 Y I | 38 B AHL 4R R
Py R A A TR R R A R R Yz B R
B AUZ L . SRfi, Hamada 55" 558 & R 1A
LB BRI B AT LA [R] s 2 e R R ) 3G R L
WHA KT, BIFA AL HEE R 400 10 &
Ho. WAMTHE , B4 17 49.3% NDF K-V
FFER B E bR ER AR T 9.4% NDF /K
G100 ae R R et R v Y R T B RN R
B 3k n] RS R R 2R RLRDRAS I
(R ZE S

F 4 FFEF NDF /KEIEFELEEREEENMm
Table 4 Effects of starter NDF level on digestive tract enzyme activities of lambs U/mg prot
miH X a2 5 NDF 7K F-40 & NDF /K41
Items Control group High NDF level group Low NDF level group
_— 1§ Protease 1.247£0.063" 0.307+0.035° 0.670+0.039"
;uzen a—JEM Ef a-amylase 0.883%0.156" 1.146+0.232° 1.602+0.176"
£ 4 Z W Cellulase 0.289+0.007 0.416+0.055 0.339+0.093
s a—JEM T a-amylase 4.846x1.753 5.893+1.540 3.966+1.727
Du;d;lum BEFE M1 Chymotrypsin 0.918+0.133 0.595+0.080 0.658+0.128
[ 1l Trypsin 0.722+0.192° 1.048£0.342° 1.232£0.371°
N a-VEN T a-amylase 3.594+1.183" 4.524+0.589" 6.884+0.404*
;I;j?ijmm BEZE 4 Chymotrypsin 0.768+0.075 0.716+0.119 0.718+0.090
[ I Trypsin 0.782+0.212° 0.880£0.043° 1.476+0.426
a—JE Ml a-amylase 3.881x0.231 5.881+0.211 3.393+0.325
i?ﬁl BEZE 1B Chymotrypsin 0.761+0.014 0.693+0.017 0.675+0.010

R E F1§ Trypsin

0.763+0.043°

0.823+0.045°

1.463+0.035"

W 322 D RE R 4 R E N A R

BRI S B, 5 W 0 A KOIRAS DA G

R O FL Sk WUZ MR Rt T HE B 1E
B o ASTES R E T BRSSO TR R N E L
SRR FLL S B ALZ R B W LA A5 08 2% 1)
HRHE A AT 5 B TR B v R 1A R R A
B BT R] A TR AR S — 25 R L S 1)
REAEXT o BB 1L 19 27 4k 3 M3 0 R &2 b A7 8
P WS RO 08 . A, = NDF KP4 365
et B AR v B2 R UL IR 34t 2 v TR R
{5 NDF K-V 413 B & & Wt 7L NDF K4,
Tr RGP AR, e E W e
BE - 7 1 JBE B 55 AR RLET 4 1) 5 B S AE MO
3.2 F R NDF /kF3t/N iz H L SR =0

/N 2 RS R 1) 5 B PR S DR IE 75 2F T A i

AN7E EEE NN SRRV 1 SN S S A AN
LA R EEAe AR, D ALK NG E b
F14) 2 TR AR A T A W A %) i 0 e | oS VR B
BT Ji A M P AR B B s R B ARV W L B A
BCAGR LT A1 A 43 WA e 0 3G a8, 1k 2 0 1k T Ak
o | [RIR R 2B R A0 M 0 2B e, X g i
YitE ZAE XS, 2l I 2 s I B R i i
S A T 4 SRR R — B, AR, M A &
BHE S A8 I s TR R A v, L2 R B AR R
M m TR ERK, DR RE, & E
A LA UKL 1R R NDF 7K 4.03% ) 54U R 2
R, A B T4+ i mMIES kT, K
17, B /NSNS e R R R T A S R
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Effects of Neutral Detergent Fiber Level of Starter on Tissue
Morphology and Digestive Enzyme Activities in
Digestive Tract of Lambs

WANG Xiaojuan' LI Fadi'? WANG Shigin® NIAN Fang® LI Chong'
WANG Weimin' LIU Ting'
(1. College of Animal Science and Technology, Gansu Agricultural University, Lanzhou 730070, China; 2. College of
Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020, China; 3. College of
Science, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: This experiment was conducted to study the effects of neutral detergent fiber (NDF) level of starter
on tissue morphology and digestive enzyme activities in digestive tract of lambs. Eighteen healthy newborn male
Hu lambs [ birth weight of (3.01+0.12) kg] were randomly divided into 3 groups with 6 lambs per group.
Lambs in the control group was suckled with ewe, and others in experimental groups were suckled with ewe
and fed the starters which NDF levels were 15.13% ( high NDF level group) and 10.00% (low NDF level
group) at 7 days of age, respectively. All lambs were slaughtered at 35 days of age. The results showed as fol-
lows: 1) the papilla length and muscular thickness in rumen, the papilla length, papilla width and muscular
thickness in reticulum, the papilla width and muscular thickness in omasum, and the muscular thickness in abo-
masums of high NDF level group were significantly higher than those of the control group ( P<0.01), and the
papilla length in omasum and muscular thickness in abomasum was significantly higher than those of the control
group (P<0.05). The papilla length in rumen and muscular thickness in reticulum of high NDF level group
were significantly higher than those of low NDF level group ( P<0.01) , and the papilla width, muscular thick-
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ness in omasum and muscular thickness in abomasum were significantly higher than those of low NDF level
group (P<0.05). 2) The crypt depth in duodenum of high and low NDF level group was significantly lower
than that of the control group ( P<0.01), and the muscular thickness in duodenum of high and low NDF level
group was significantly higher than that of the control group ( P<0.01). The villus length in jejunum of high
NDF level group was significantly higher than that of the control group and low NDF level group ( P<0.01),
the crypt depth in jejunum of high and low NDF level groups was significantly lower than that of the control
group (P<0.01), and the muscular thickness in jejunum of high NDF level group was significantly higher than
that of the control group ( P<0.05). The villus length in ileum of high and low NDF level groups was signifi-
cantly higher than that of the control group ( P<0.01), and the muscular thickness in ileum of low NDF level
group was significantly higher than that of the control group ( P<0.01). 3) The rumen protease activity of the
control group was significantly higher than that of high and low NDF level groups ( P<0.01), and the high
NDF level group was significantly higher than that of low NDF level group ( P<0.01) ; the rumen a-amylase
activity of low NDF level group was significantly higher than that of the control group ( P<0.01). The jejunum
a-amylase activity of low NDF level group was significantly higher than that of the control group and high NDF
level group (P<0.01), and the activity of trypsin in duodenum, jejunum and ileum of low NDF level group
was significantly higher than that of the control group ( P<0.01). In conclusion, the 15.13% NDF level of
starter is beneficial to the development of digestive tract of lambs before weaning.[ Chinese Journal of Animal
Nutrition, 2020, 32(4) :1704-1712 ]
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