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

%

WiH Ttems
J5 Kl Ingredients

% & Content

K Comn

TR LT IEY) DDGS
ZH] Soybean meal

F¥ Limestone

TRIER} Premix!

4t Total

B 777KV Nutrient levels?
e ME/(MJ/kg)
FEER CP

HLRENT EE

FK 5> Ash

5 Ca

B TP

AR AP

MR Lys

HEEL Met

57.00
6.00
25.00
8.00
4.00
100.00

10.95
18.52
4.22
2.21
3.39
0.35
0.12
0.99
0.29

TR BN BT 7 A AR 4t Premix provided the following per kilogram of the diet: Cu

8mg, Zn40 mg, Fe 70 mg, Mn 30 mg, 10.175 mg, Se 0.075 mg, VA 10800 IU,

VD32 1601U, VK31.0mg, VE4.6mg, VBi5mg, VB26mg, ZIRE calcium

pantothenate 5 mg, MR niacin 7 mg, M folic acid 0.1 mg.



2 RRE & A FURE IR S s, HARTHEAE . ME, CP and Ash were
measured values, while the others were calculated values.
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IR B ORAF A, BE  LAAT P kAR B bR e GB 69711986 (Ul ARG FENL 036 /5325
HH DY R G R DI E
122 MfFge

MPERERE (KWeh/t) =1.732xcos@xUxIXT,

A UNHIE; THHI coseil 0.8; T 9fTE].
123 AR

WIS Ay, G ESRAEE, EL BE. SRR, REBRR
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Table 2 Geometric mean diameter of corn

i fL B4R

Sieve JURTP- ki JUfRTbRiEZE
diameter/mm Geometric mean diameter/pum Geometric standard deviation
4.0 1 236.36+89.49* 2.23+0.05
5.0 1 329.52+52.85* 2.3+£0.09
6.0 1737.22+103.89° 2.26+0.07

7.0 1 872.52+272.37° 2.36+0.16
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8.0 1907.97+127.56° 2.23+0.12
10.0 2 188.93+£110.01¢ 2.17+0.10

FBEIE B IR A RN ZRRREZREZE (P<0.05), HANTZRFRERAEE (P>0.05). &
3 .
In the same column, values with different small letter superscripts mean significant difference (P<<0.05) ,

while with the same or no letter superscripts mean no significant difference (P>0.05) . The same as Table 3.
45 [ Al i F Al 4 Al
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Fig.1 Grinding particle size distribution of corn
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Table 2 Geometric mean diameter of complete diet

s P

”fff JUTFE LT
Geometric mean diameter/um Geometric standard deviation

diameter/mm

4.0 993.85+32.25% 2.26+0.022

5.0 996.13+£19.697 2.35+0.02%

6.0 1 115.72+78.80* 2.344+0.03%

7.0 1 178.10+£62.52% 2.35+0.02%

8.0 1185.03+47.21% 2.40+0.05°

10.0 1351.444241.21° 2.38+0.10°
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Fig.3 Effects of different grinding particle sizes of corn on grinding energy consumption
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LEAA P EERK, & & T 10.0 mm ffLERA (P<0.05), 5HAMEH TR %
5 (P>0.05). B E KM HREE 6K, R OER 2R RS TS &%, 6.0 mm
L EARH B E R AL, BEFMMT 10.0 mm fifLERH (P<0.05), SHAMEHTLEEE
5t (P>0.05); 7.0 mm ffifLEARHBERKAM, BFEMET 4.0 mm AL ERL (P<0.05),
HHMMSHLEZEZR (P>0.05). &HPERMEEREAEZEER (P>0.05), {Hf
IR PRI 3G R, RHE L RS T m s, PR 2T m e R,
6.0 mm i fL EARLURHE LR AR PR d

R4 AR B R FERLEE NS XS AR M BE A 2

Table 4 Effects of different grinding particle sizes of corn on performance of laying hens

=] fiifLE 4 Sieve diameter/mm

Items 4.0 5.0 6.0 7.0 8.0 10.0
PR 8236+2.04  82.70+4.48  83.52+2.87 82.42+1.55 82.04+3.10  80.09+3.68
Egg laying

rate/%

FHEE 63.10£0.09®  63.37+0.52>  63.16£0.68°  62.96+0.14®  62.72+0.35®  62.39+0.53°
AEW/g

BLE L 2.31+0.03 2.33+0.11 2.27+0.06 2.31+0.04 2.33+0.06  2.46%0.17
F/E

% 1.37+0.23%®  1.37£0.29®  0.87+0.17 1.09+0.152 1.34£0.19®  1.67+0.32°
Broken egg

rate/%

WER 0.29+0.16>  0.25+0.13®  0.20:£0.03 0.08+0.10° 0.26+0.10®  0.26+0.06®
Soft egg rate/%

FATEAR B A R/NE FRFRRZREE (P<0.05), MHEIBEFHERERARE (P>0.05). X,
In the same row, values with different small letter superscripts mean significant difference (P<0.05), while with
the same or no letter superscripts mean no significant difference (P>0.05). The same as below.
2.4 RTE] K AR Xof 2 R B O R

3 5 AlAn, A EFERE ., HREE . SRR I RRARA R EE R (P>0.05).
WA ERR PRI R, R T mE B ICAES, 7.0 mm AL EARHER LR

B, BERT5.0mm EILEALAH (P<0.05), 5HMSATLEEZES (P>0.05). ME



TR PERLEE IR, BEEEEN LT, o'y b A RIMAMAEN BB, 8.0 mm FiifL EAH
L&, BEET 4.0, 5.0 mm fHfLEAA (P<0.05), 5HAD & AT B2 £ 57 (P>0.05);
10.0 mm FRifLEARA o™ EH iR, BF & T 4.0, 5.0, 6.0mm JHfLEAL]L (P<0.05), S5H
fh & HIEEE ZEST (P>0.05); 7.0 mm FifLEAH b AR &, B&E&T 4.0, 505 6.0, 10.0
mm fFFLEAH (P<0.05), 5 8.0 mm ffiflLEMFHALEZEZR (P>0.05).

5 ANEIE AR FORLEE S S H i o Y B
Table 5 Effects of different grinding particle sizes of corn on egg quality of laying hens

=] JHifLE S Sieve diameter/mm

Items 4.0 5.0 6.0 7.0 8.0 10.0
HAORE Eggshell  36.70£10.21  37.68£9.19  38.77+9.50  37.26x8.49  37.86£9.43  37.9849.02
strength/N

H5e /2% Shell 38374276  38.85+2.39  38.63:2.64  38.15£3.34  38.25+2.66  38.37+2.92
thickness/mm

W44 Shape 1.30£0.04 1.30+0.04 1.30+0.04 1.29+0.04  1.30+0.04 1.30+0.05
index

EIELE Yolk 25.05£1.66®  25.15£1.520  25.37+1.56®  25.71£1.63° 25.65+£1.59" 25.60+1.63°
ratio/%

KA Haugh 86.58+9.23  86.35+8.53 84.18+8.40 85.84+8.71  84.16£9.31  85.60+8.97

unit

=R L 72.73£3.04>  72.51+1.23P 71.82+1.292 71.84+1.15*  71.60£1.132  71.71+1.28
AN 1.324+0.402 1.36+0.592 1.64+0.79° 1.95+1.20¢ 1.94+0.88¢ 2.11+0.95¢
HRE b 8.69+1.822 8.35+1.48* 8.57+1.202 9.48+1.43b 9.30+1.37° 8.57+1.002

2.5 RTE) T K RAEAL JE K B XS T 00 IR 2 W A 3R ) R i

HIZZ 6 AT AN, BEE A ORLEE (8K, M. SAEF TV R AR 5%
T fE AR S, 5.0 mm L EAAAUH R AR R RS, BF & T 6.0. 7.0,
8.0~ 10.0 mm L E A2 (P<0.05), 5 4.0 mm FifL EARZHTE 2 % % 5% (P>0.05); 5.0 mm
L AR SRR MIHA SRR &, 2 & T 4.0. 7.0, 10.0 mm FHfLEALH (P<0.05),
H5HAM&HTEZEZER (P>0.05); 7.0 mm §fifL BT EWH R R, BEE
F 4.0, 10.0 mm fFFLEAZH (P<0.05), SHMEALEEZESR (P>0.05).

6 AN[E TR L o B XS T IR I R AT A SR (1 R

Table 6 Effects of different grinding particle sizes of corn on nutrient apparent digestibility of
laying hens %



i H JHifLE S Sieve diameter/mm

Items 4.0 5.0 6.0 7.0 8.0 10.0
HEHEF Crude 35.3544.25%  40.77+6.14¢  34.30+2.85% 31.76+3.60%c  27.51+5.24*  28.89+2.22%®
protein

K€ Gross energy 73.7742.36*  78.40+£1.33°  77.47+0.54>  75.34+2.29%  76.03+1.36%°  73.48+2.58°
FH)5i Dry matter 68.36+2.10®  73.23+2.39¢  73.30+0.82°  73.49+3.86°  70.89+1.55%  65.82+5.32°

2.6 ANTE) TR AL 5 EE NS 5 Ak WL BE Fr) 5 )
261 EHWEYEE
& 7 /I, SAEBIARITHAERTEEER (P>0.05). B#E TR HRER
WK, B KA O B RS T A, 7.0 mm AL ELARZH B I KT B B0 iR
A, BEMT 4.0, 10.0 mm FFALERLL (P<0.05), S5HMFHALEEZER (P>0.05).
BALE AR D TT IR .
R T AFEARTERLEE R B0 E W AR Y B (R

Table 7 Effects of different grinding particle sizes of corn on cecal microbes number of laying
hens 1gCFU/g

i 5 THfLE 1% Sieve diameter/mm
Items 4.0 5.0 6.0 7.0 8.0 10.0
HATRHFH Lactobacillus 7.64+0.23 7.71£0.15 7.71£0.15 7.69+0.33 6.80+0.64  7.06+0.92

K& Escherichia coli 3.70+1.78%  2.95+0.66%°  1.59+0.83% 1.03+£0.07¢  2.17+1.78%¢  4.2842.00°
YITIKE Salmonella - - - - _ _

-: REH not detected.

2.62 JpiBRE AL,

&

M2 8 i, FA+HHNAKRERIE. FaE R E MY E R/ RS R (V/IC) &=
Ja bR s R A B 2R (P>0.05). 5.0 mm ffLEAATHIARESERK, BER
T 8.0 mm FHFLEAH (P<0.05), H5HMEHALEEZER (P>0.05); 7.0 mm FHiflEHIE
AR EFEERK, BFET 4.0 mm L ERA (P<0.05), SHAFALEEZR
(P>0.05). 7.0 mm JHfLEFARHMREFRERK, BEEST 40 mm fHLERFA (P
<0.05), SHAMMFHALEZEZER (P>0.05), 10.0 mm FFfLEAL I V/IC [HHRIE,

FLT 4.0 mm FHILEALHA (P<0.05), S5HMIEHALEEZS (P>0.05); 8.0mm fififl



HAHAR I VIC EEAK, SZEKT 5.0, 6.0. 10.0 mm HFLEARH (P<0.05), S5HAh

HHLEEZESR (P>0.05,
28 N[E] A M EESL FEE XoF i T 2R S 2 4 5 A 1 e i)

Table 8 Effects of different grinding particle sizes of corn on intestinal mucosa organization

structure of laying hens

i H

LB Sieve diameter/mm

Items 4.0

5.0

6.0

7.0

8.0

10.0

% BmE Villus height/pum
+=W

Duodenum

&l 7]

Jejunum

7]

Ileum

Fa B VRE Crypt depth/um
+=W

Duodenum

&l 7]

Jejunum

7]

Ileum
BEREZ/RERE VIC
+=W

Duodenum

&l 7]

Jejunum

7]

Ileum

798.47+53.85

619.33+£63.39%

286.61+£31.76°

163.89+15.06

135.40+7.92

97.39+9.642

4.83+0.27

4.70+0.18°

2.95+0.23%

789.13+49.12

723.25£159.49°

346.61+14.22°

162.39+£10.14

146.47+17.03

100.00+7.53%

4.72+0.37

4.30+0.34%

3.49+0.33°

773.78£72.76

703.20+130.92°

344.13+12.34°

170.56+10.02

143.75+2.81

99.39+4 .54

4.53+0.23

4.36+0.522

3.47+0.11°

835.60+75.05

600.72+82.92%

352.08+44.62°

178.00£13.09

140.56+9.50

108.25+5.80°

4.90+0.36

4.39+0.60%

3.294+0.25%

859.17+£62.28

539.80+25.332

352.00+£31.40°

180.72+14.66

146.93£9.49

107.06+7.30

4.77+0.35

4.31+0.32%

2.92+0.442

847.47+105.67

651.72+83.54%

312.67+£50.75%

172.17+£14.32

132.39+£7.22

105.67+7.83%

4.75+0.66

4.01+0.05*

3.42+0.43°

2.63 VHILEE R

HIZ& 9 W, 5.0 mm § L ELAR 4L 2 4R B s

NN

BEET 6.0, 7.0 F1 8.0 mm L

HiAH (P<0.05), 5HMKHLEEZESR (P>0.05). SHAV B, BEHELHE. =

Tl ta s, [ml e SO AT AEFR B0 B3 2 57+ (P>0.05).

E IV NGRS S Ud VSRS NI Y= ikl

Table 9 Effects of different grinding particle sizes of corn on digestive organ index of laying

hens g/kg
TitH fifLE R Sieve diameter/mm
Items 4.0 5.0 6.0 7.0 8.0 10.0
WLB 6% Gizzard index 18.29+1.31 19.25+1.41 16.13£0.50 16.28+1.96 16.29+2.40 17.02+3.56




Jit H #5820 Proventriculus
index

=)7K (=
Duodenum index

2 a3 Jejunum index
[F A8 %0 Tleum index
HFAE$E 2L Pancreas

index

4.13+0.47

6.30+1.04
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Table 10 Effects of different grinding particle sizes of corn on digestive tract chyme pH of

laying hens
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Effects of Different Grinding Particle Sizes of Corn on Performance, Egg Quality and Digestive
Function of Laying Hens
ZHANG Jiagi' QIN Yuchang? LI Junguo'? LIJun! NIU Libin! YU Zhigin'
(1. Feed Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 2.
Institute of Animal Science, Chinese Academy of Agricultural Science, Beijing 100193, China;, 3.
Key Laboratory of Feed Biotechnology of the Ministry of Agriculture, Beijing 100081, China)

Abstract: This study was conducted to study the effect of different grinding particle sizes of corn
on performance, egg quality and digestive function of laying hens with the same formula. The
feed ingredients was ground with a hammer mill, corn was ground with 4.0, 5.0, 6.0, 7.0, 8.0 and
10.0 mm sieve diameter, respectively, and the other feed ingredients were ground with 5.0 mm
sieve diameter. A total of 2 592 Roman brown laying hens at 210-day-old were randomly
allocated into 6 groups with 6 replicates per group and 72 laying hens per replicate. Different
groups were fed different grinding particle sizes diets. The experiment lasted for 16 weeks. The
results showed as follows: 1) the geometric mean diameter of corn and complete diet was
increased with the sieve diameter increased, but the difference of complete diet was smaller.
With the sieve diameter increased, the grinding energy consumption was decreased from 3.93
kW eh/t to 1.19 kW e-h/t. 2) With the grinding particle size of corn increased, the average egg
weight firstly increased and then decreased, the average egg weight of 5.0 mm sieve diameter
group was significantly higher than that of 10.0 mm sieve diameter group (£<0.05). With the
grinding particle size of corn increased, the broken egg rate and soft egg rate firstly decreased
and then increased, the broken egg rate of 6.0 mm sieve diameter group was significantly lower
than that of 10.0 mm sieve diameter group (P<0.05), the soft egg rate of 7.0 mm sieve diameter
group was significantly lower than that of 4.0 mm sieve diameter group (P<0.05). 3) The yolk
ratio of 7.0 mm sieve diameter group was significantly higher than that of 5.0 mm sieve diameter
group (P<0.05). 4) The crude protein apparent digestibility of 5.0 mm sieve diameter group was
significantly higher than that of 6.0, 7.0, 8.0 and 10.0 mm sieve diameter groups (£<0.05), the
gross energy apparent digestibility of 5.0 mm sieve diameter group was significantly higher than
that of 4.0, 7.0 and 10.0 mm sieve diameter groups (P<0.05), the dry matter apparent
digestibility of 7.0 mm sieve diameter group was significantly higher than that of 4.0 and 10.0
mm sieve diameter groups (P<0.05). 5) The caecal Escherichia coli number of 7.0 mm sieve
diameter group was significantly lower than that of 4.0 and 10.0 mm sieve diameter groups
(P<0.05), the jejunum index of 5.0 mm sieve diameter group was significantly higher than that of
6.0, 7.0 and 8.0 mm sieve diameter groups (P<0.05), the chyme pH in proventriculus of 8.0 mm
sieve diameter group was significantly lower than that of 4.0 and 5.0 mm sieve diameter groups
(P<0.05), the chyme pH in ileum of 6.0 mm sieve diameter group was significantly higher than
that of 4.0, 5.0, 7.0 and 10.0 mm sieve diameter groups (P<0.05). It can be concluded that aims
at the diet of laying hens, 6.0 mm sieve diameter for grinding corn can get the better performance



and egg quality, and it is good for intestinal health of laying hens.
Key words: corn grinding particle size; laying hens; grinding energy consumption; performance;
egg quality; digestive function;
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