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REBERERBMEBEIK G A XA B ERERE.
RERERXBENBEALARSHZN

ZHu FilgWE FLE5% SRA EXN Bl REE
YEE #HikE SkE"
CH R R 2 sh Bl H AR 2B, 2% M 730070)

M OE. KXRSAEMAIREG RARFI B EZNE (Zn-MMT) 3T A8 42 K4t 27 B F
KA A RSN Hn, MALAF 1 B & RAE 4 288 X, 3k E — BUR M B LS A
6N HHMONEL , HBAEL S RN, BAERE K- HAKE G RA AR, ExTBA
[ BLER4F (ZnSO,) 40 ] 4"RAKE & Jit AL 28 48 +40 mg/kg ZnSO, ,4 /MK Ia 40 4 5 K& & f Ak
AR P R m 20,40 .60 A2 80 mg/kg Zn-MMT (39 22484+ 5L) . R A i R %K, K
A 42 d, R AWM. 1) 5B A ZnSO, A8 K FE & AR e 60 2 80 mg/kg
Zn-MMT 2 % AP %8 1~21 B #-F 3 B ¥ £ (ADG,P<0.05) , 4% 80 mg/kg Zn-MMT 2 %42
BRA1~21 B#HE(E/G,P<0.05) ;& s Zn-MMT % B 2 22 ~42 B #4201 ~42 B &
ADG . F¥H B KRR/ F/G VA 1~21 B#: ADG £ 2 ZF % (P>0.05), 2) 5 s Ba4nk 4%
BB RAARR A Zn-MMT *F 128 21 2 42 B # 2 0& BB HHBAL L F %0 (P>0.05) ;425 ZnSO,
AR KR G RAAMRA A Zn-MMT 2 542 5 A 28 21 B #4848 2 4= % Ko #4540 (P<0.05)
HA % 80 mg/kg Zn-MMT 2 %42 3 A 42 B #3540 (P<0.05), 3) 5 xr @ a4a b 1%
B AR A A 20 F= 60 mg/kg Zn-MMT £ %32 & W 2 42 B # AR L % ( P<0.05) ; 5 ZnSO, 4848
W K G R AT Zn-MMT 2+ R 28 B ek L 2 %% m (P>0.05) , 4) 5 aF B4t &%
B SR BRI 40 F= 60 mg/kg Zn-MMT 2 2 BAK R 2+ =35 7 18 % %R E (CD, P<0.05) , B m
60 mg/kg Zn-MMT 2 % 4% ) 2 % B CD( P<0.05) ; % /m 20 mg/kg Zn-MMT 2 & 4K A 28 =
B CD(P<0.05), 5t 2FRGAEE MK ESE(VH)/CD(V/C)ML(P<0.05) ; B &, & #n
80 mg/kg Zn-MMT 2 % MK M 2 = 15 V/C 18 ( P<0.05) . 5 ZnSO, 4148}t K& & JR 4 An
20 mg/kg Zn-MMT 2% # 5 A% &% V/C 1L (P<0.05) , 5+ % Z B H CD( P<0.05) ; % m
40 mg/kg Zn-MMT 2 %32 & M2 = 1 VH(P<0.05) , 5t 2 F BAK A%+ =35 CD(P<0.05) ;
ZxHm 20 F= 60 mg/kg Zn-MMT % & B A 4 = B CD(P<0.05) ; & 7 20,40 F= 60 mg/kg
Zn-MMT R 332 5 R E M V/C L (P<0.05) ., & P | EIKE G R A4 PR Zn-MMT
MG A KRR F Y m (255 ZnSO, A0 TR ERZU B LR BERI, ZH M
VH #= V/C 14, 4%/ 1 CD, 1R 3t 8 18 & 7 .
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PR R 5L A ) L 2 AR 0% v R R A, B LA
i vy o ] MR R AR A v AR SRR DR IR AT XY
PO I H X [ B 3 il 2 HE ik ok £ A AR
TEDEL SRR IR 2, S BN VR LAkt R SR B A A
ST T RRSE AR B PR FR B AR HET/ CFIAS
002—2018( XY | PAIXG FL A 1Dk ) K TR A e 45 ) R
AR FRFEME T 1A E 28" B8R
TR N AR R o BEVE N B 2 5 1 S T
R Z—, SRR AT e 1 2 YD AE O, O
Z 550 e AR, S hiEE s,
Rt RERE , BAaLMEERDIEE?, HiHE
BRI H R I TCHLEE , 3 5 W0 45 Bl IR 1 ] Mg
W 2f A 2 R A I PR SR BT, S BOEE A R R
(S < WY 4 S A B e I 3
Pl I, 1 o i 38 D) 6E 5 W) st w] DA Shy 8 SR R ]
BRAS I, B ALIA e Dife, s A=, it
BB A S A E R e S A Y
REME T & TC R AE S W I 18 N A BRI, 32 5 Tl
TCE M AEW 2205 Wl /D i o0 R X B 75 4
M HAER G KA A B 1 WIS R ) A il
P RS A ER Hem HME A, BA
W IR, T D i i 52405, P9 T i f e, K
SR 5 WA BE /D B i % #E R B, (AFB,) 15
RERTHERSR BB EEF MR,
JEEAPUAER , Bes 4 & sh W A = v Rg , o
AR RS A RS A T 4R
e 8 B B (VH) B 9B e BB E TR R
(V/COVMHE ;B WF e W, 3000 41 0 A P
(ZnSO,) ¥ A &, fe 4 = W XS F 4 H 4 &
(ADG) FI--J H >R & # (ADFI) , HC T 3B 5¢
i 45 ( zinc-montmorillonite , Zn-MMT ) 1F i % & 1)
FPEIR I 5 i UL AR GE PR b, A 3k 5 38 o AR AR AR
5] R A8 I Zn-MMT |, B 58 HE X6 A 3 A K1
e B SR RE s A H R B M HLUR S 15
e, Ay PR XS AR 7 B AL B AR I

1 #RER=E
1.1 R #F

TG T FH 2808 552 M A 22 25 M P A B 3 4 A
A RS R R, BE 5 & 10 408.80 me/kg.,
1.2 REit

KA F 58 AL R T % 6 A4, X
HR 2 ] MR 0K — ORI IR 2R 1 Jo Rl R | T X A

4 (ZnSO, 2 ) 1Al AR AR 1 5t B il 17 L +40 mg/kg
ZnSO, , 4 56 4143 51 76K B 538 Al 4] R
fin 20,40 .60 Fl 80 mg/kg Zn-MMT ( 3] UL 8% &% &
HH) .
1.3 R MEFEE

PR H R = A4k 288 W He ik E— 3
JENBEDLAY % 6 N4, B 6 AN EE B EE 8
RS 50k A 3 298 5%, ) 5% 48 R H R0 A s
P IR AT XS 1) 37 45 L) 3647, R A 24 h
TEE IR K HRE ok, w5 42 d,
1.4 KIEEAR

I 2K 5 il A F 2 BB T/ CFIAS 002—2018
(XY | A EC A R AT NRC(1994) Bidil, A
K-TRADE RE, A B FR K L 1,
1.5 iEmRNERMAE
1.5.1 AR

AT 21 fT42 B, ARk FEEE
12 h J& , AR & o 5050 %) PR RS 25 i R ot 1A O i
sk, a0 T ) DA A2 R SR 1 SR R U R A S o
o RN A TH DR T AR R R XS BEVE AL, IRt
& ADFI,ADG FUBL & [ (F/G)

®1 ERARAMREFRKF (RTEM)

Table 1 Composition and nutrient levels of

basal diets ( air-dry basis) %
5 1~21 HiE 22~42 Hi
Items 1 to 21 days 22 to 42

of age days of age

JEB} Ingredients
F 2K Com 55.70 58.88
ERFEHH Comn gluten meal 4.00 5.80
1 Soybean meal 31.55 25.67
K Soybean oil 3.60 5.20
%5 Limestone 1.50 1.20
B 445 CaHPO, 1.90 1.50
£k NaCl 0.30 0.30
HHETR Met 0.17 0.16
AR Lys 0.28 0.29
iRkl Premix" 1.00 1.00
A1 Total 100.00 100.00
E 37K F Nutrient levels?
RIEE ME/ (MI/kg) 12.48 13.05
HLEH BT CP 20.01 18.60
5 Ca 1.26 1.02
HHE AP 0.50 0.41
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5 1~21 Hi% 22~42 Hi
Ttems 1 to 21 days 22 to 42

of age days of age
Wi R Lys 1.25 1.12
FE R Met 0.51 0.50
ERR A+ AR Met+Cys 0.88 0.86

£ Zn/(mg/kg) 27.62 27.08

1) TR AL N & T 5 fa #4241t The premix provided the
following per kg of diets: VA 15 200 IU, VD, 4 400 IU, VE
32 IU, VK, 3.2 mg, VB, 4 mg, VB, 12 mg, VB, 4.8 mg,
VB, 0.032 mg, = ¥ & biotin 0.12 mg, I iR folic acid
1.6 mg, MAEERZ nicotinamide 48 mg, D—JZ iR D-pantothenic
acid 18 mg,Fe(as ferrous sulfate) 100 mg,Cu( as copper sul-

fate) 8 mg,Mn ( as manganese sulfate) 120 mg,I( as calcium
iodate) 0.7 mg, Se(as sodium selenite) 0.3 mg,

2) 8 I (E, oAl E 2K AT H, Zn was a
measured value, while the other nutrient levels were calculat-
ed values.

1.5.2 PR E I

AT ARG 21 F1 42 HiE A5 S BEPLER 1
U - S5 F 1Y AR B S, UM | MG O A 3% [
W | 5 ok 4 T 45 4 4 2L G 0 J5 R T e e e
HIREL,
MBI (/ke)=tmBFEE(g)/KE(ke) .
1.5.3 EEseE

TR 42 AR, G EERALER 1 HEE
SEXRE NG, [ HAOK TSR 12 h 5 BRI
AT B 52 4% NY/T 823—2004( 2 & H= 7= P fig
AR A R GE T ik U Oy B g e bERE

1.5.4 MiEHLIES

TR 42 HIBE, FHEZFEILER 1 B85k
IR RN AT B S T A A A
[l iz, YU I th Bt 1~ 2 em, JH AR B 25 K 5 U6
BB A A 4% 22 B F RV WO R AT, IR %
R E R IR AR A R A | ®IA/ET R A
Motic-BA210 %t . {3 B 7 17 % VH I s T8 2
(CD) #AT I , I35 V/C1H,
1.6 HFEZHITHH

B4 28 Excel 2013 A5 , >R HI SPSS 26.0 3
TTHRN K 7 250 Fr (one-way ANOVA) , /] Duncan
LT Z H i, IR 45 0 LA P 348 b o 22
(SD)” %R, P<0.05 £REHBE,

2 H#RESW
21 REBREMRAM Zn-MMT I 3B 4 K
T BE B BN

R B AR N Zn-MMT X P38 AR K1 fig
(S WL 2, fr R mT A, 5 AL A e IR EE
AR I Zn-MMT X} 1~21 H# R % ADG F
F/G A B F% 0 ( P<0.05) , {H X} ADFI J & 3 ¥
M ( P>0.05) ;K E 1B AR A I Zn-MMT X} 22 ~
42 H#EF1 1 ~42 H WX ADG , ADFI fil F/G &
WERM(P>0.05) , 5% AL ZnSO, 41 L,
R A B AR R I 60 F1 80 mg/kg Zn-MMT %
FEAR 1 ~21 HIR N ADG (P<0.05), % il
80 mg/kg Zn-MMT 1 E 45 1~21 HIRN XY F/G
(P<0.05) .

K2 REARARRIMN Zn-MMT i Q8 £ K EEHI =20

Table 2 Effects of low protein diet supplemented with Zn-MMT on growth performance of broilers

il S FR2H Zn-MMT %l Zn-MMT supplemental levels/ ( mg/kg) ZnSO, % P
Items Control group 20 40 60 30 ZnSO, group P-value
1~21 Hi#% 1 to 21 days of age
44 . h

31.33+2.04" 30.31%£2.17" 30.50+2.94" 1445, 69%2.° 31.80+2.56" .001
ADG/(g/d) 31.33+£2.04 30.31+2.17 30.50+2.94 28.14+5.09 28.69+2.59 31.80%2.56" <0.00
PR AR

43.42+2.25 41.62+2.91 42.68+4.62 39.63+2.57 43.69+3.20 42.37£3.02 0.294
ADFI/(g/d)
BLE I F/G 1.39£0.12°  1.38+0.13°  1.40+0.18"  1.38+0.17°  1.55x0.20° 1.34+0.13" <0.001
22~42 H#% 22 to 42 days of age
44 H R (

73.13£8.06  71.67+7.50  72.79+8.48  72.04x9.35  69.40%8.98 70.65+7.02 0.100
ADG/(g/d)
7. A DY =N
PR 141.14£4.91 141.19+11.05 144.84+6.58 145.52+6.24 136.72+7.48  143.42+6.64 0.433

ADFI/(g/d)
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gid 2
WA it HA 4 Zn-MMT Z3lE Zn-MMT supplemental levels/ ( mg/kg) ZnSO, #H P
Items Control group 20 40 60 30 ZnSO, group P-value
BHE L F/G 1.93+0.22 1.97+0.20 1.99+0.22 2.02+0.24 1.97+0.31 2.03+0.17 0.619
1~42 Hi##% 1 to 42 days of age
¥ H M E
2.22+3.92 1.05+4.11 1.80+4.64 44+4. 49.03+4. 1.24+3. .52
ADG/(g/d) 5 +3.9 51.05+ 51.80+4.6 50.44+4.95 9.03+4.80 5 +3.69  0.520
AR
93.47+1.96 92.40+6.98 94.80+5.90 93.31+£2.29 92.67+2.86 93.77+4.94 0.900
ADFI/( g/d)
K #E L F/G 1.79+0.14 1.81+0.14 1.83+£0.17 1.85£0.17 1.89+0.22 1.83+0.11 0.382

[ A AAle A B G Bk SO ) 7 B R R 22 53 AN 3 (P>0.05) AR P REROR 2257 B35 (P<0.05) o T AR[A]

In the same row, values with no letter or the same letter superscripts mean no significant difference ( P>0.05) , while with

different letter superscripts mean significant difference ( P<0.05). The same as below.

22 BREAREMWEM Zn-MMT A B RE
BEREHNZMN

2R T A MR N Zn-MMT X P XS i 25 B
FEE ML 3, AR, 5 X B4R L, IR
AR N Zn-MMT XF 21 F1 42 H #5385
PELR BRI R E R (P>0.05) ,ZnSO, 41 21 H

I PRI X i B G BCORD T G S B E BRI (P <
0.05) ;5 ZnSO, A AH It , i 40 4H ( Zn-MMT % il
41)21 H il PG iy i 5 BRIk R T8 B0 4
(P<0.05) K H A AR N 80 mg/kg Zn-MMT
A B 42 H S RS i RS £ (P<0.05)

*x3 EEOREBRFM Zo-MMT X AB R EEEISHNEMm

Table 3 Effects of low protein diet supplemented with Zn-MMT on immune organ indexes of broilers g/kg
WiH S iR 4 Zn-MMT S ill#E Zn-MMT supplemental levels/ ( mg/kg) ZnSO, %1 P
Items Control group 20 40 60 80 ZnSO, group P-value
21 H# 21 days of age
46 %
0l E'ﬁ,z 6.95£0.13"  7.44£0.27°  6.14£0.22"  6.65£0.63"  6.36+0.21" 4.94£0.28°  <0.001
Thymus index
EANELE g
BAEH T 2.92+0.18" 2.56+0.16" 2.96+0.18"  2.99+0.46" 2.63+0.20" 1.91+0.17° 0.008

Bursa of Fabricius index

-
%EE*E%& 0.79+0.26 0.74+0.03 0.60+0.05 0.65+0.02 0.65%0.10 0.67+0.07 0.091
Spleen index
42 H ¥4 42 days of age
g H %
ol E'ﬁ,z 4.89£0.60"  5.42£0.77"  4.47+0.66"  5.13£1.26"  6.16£1.57° 3.94£0.17°  0.040
Thymus index
¥ b g
ik AR L 1.47+0.42 1.93+0.63 1.94+0.56 1.77+0.46 1.79+0.44 1.87+0.23 0.693
Bursa of Fabricius index

-
W52 0.99+0.20 0.84+0.18 1.02+0.49 0.93+0.77 1.05+0.16 1.08+0.15 0.759

Spleen index

23 REAREMWEM Zn-MMT 3 BB E =
E3-r: 01

R T MR N Zn-MMT X P B8 5 1 fig
M2 UL 4, fR R AT, 5 AL AH e (IR E
JERR IR N Zn-MMT X P XS R HE SR A 5 2 5
(P<0.05) ,{HXF B 525 2R i 805

R LA FRR L TE B R (P<0.05) , 5%
ML AH L, IR 8 1 B W R 75 70 20 1 60 mg/kg Zn-
MMT & 485 42 H i RXSHR [ 2 (P>0.05) ;{H
5 7nSO, 4L, B4 42 H % R R HE R TG i
F2:4k(P>0.05)
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Table 4 Effects of low protein diet supplemented with Zn-MMT on slaughter performance of broilers %
WHE S BB 4 Zn-MMT %l Zn-MMT supplemental levels/ ( mg/kg) ZnSO, %1 P
Items Control group 20 40 60 80 ZnSO, group P-value
A%
93.05£0.95  91.90+£2.43  94.39+1.43  92.87+0.57  92.79+0.72 93.35+0.39  0.059
Slaughter percentage
Fe b
Half-eviscerated 84.27+1.16  82.49+3.36  84.24+1.71  82.42+3.51  81.40%1.05 83.83+0.91  0.173
percentage
i e 22
é%ﬁﬁ? 75.35+2.38  72.84+3.40  74.83+1.62  71.89+3.23  72.23%+1.23 73.28+1.66  0.099
Eviscerated percentage
(YRS
Abdominal fat 1.80+0.40 1.41+0.35 1.59+0.40 1.51+0.41 1.29+0.42 1.35+0.34  0.257
percentage
i JL
Pectoral muscle 30.65+1.24  30.44+1.28  32.38+2.33  32.13£3.60  32.44+3.29 33.15+2.13  0.362
percentage
il L =
* 30.53£1.09" 32.96+1.87° 30.71x1.64° 32.95+1.13" 30.95+2.21°  31.12+1.31" 0.028
Leg percentage
B L%
24.90+£0.60  26.44+1.42  24.79+1.83  26.30£1.91  25.04%2.28 25.20+1.74  0.385

Leg muscle percentage

24 REARGAMWEKM Zn-MMT 3T B 18 7 & 42
b b=l

AR A BB AN Zn-MMT % Y 39 iz 38 2H 41
ARSI 5, R, 5 X A A IR
AR IN Zn-MMT 52 %0 P39 25 i VH
i+ 48 =i W% CD LL k=S i Al g v/C
fH(P<0.05) , X+ 48l VH K&+ =351
V/C TR EHW (P>0.05) , 54 1L, K
B R AR R 20 1 80 mg/kg Zn-MMT i 35 [%
RS2 VH(P<0.05) ;5 ZnSO, A AH L, KR
FI BT iR MR AR I 40 mg/kg Zn-MMT & 35 4 &5 A X9
2 VH(P<0.05) ,{H 5% A H TG B % 22 5
(P>0.05), S5XF 4L L, AR (A SR AR 780 40
160 mg/kg Zn-MMT I Z FEARA XS+ — 48 1% CD
(P<0.05) , 751 60 mg/kg Zn-MMT I 2 [ 4 38
25 CD(P<0.05) , %N 20 mg/kg Zn-MMT i %
FEA P XS [ CD( P<0.05) ;5 ZnSO, ZHAH L, 1%
AR AR AN 40 mg/kg Zn-MMT & 2% [ A% A
XS+ — 35 CD, % 20 F1 60 mg/kg Zn-MMT &
FIER A XS 25 i CD (P<0.05) , ¥R /il 20 mg/kg
Zn-MMT & 2 BN XS [ i CD(P<0.05) , 5%}
M A B A XS+ — 35 V/C [H G B # A
f6(P>0.05) ,H NEHE K F W N 40 F1 60 mg/kg

Zn-MMT A5+ =38 V/CE M IKE A
JFfA RS 80 mg/kg Zn-MMT Al 40 mg/kg
ZnSO, B FH MR 25 i V/C B (P<0.05) , s
20 mg/kg Zn-MMT & 3 48 & PG [l i v/C {H
(P<0.05) , 751 80 mg/kg Zn-MMT i 2 A% 4 38
iz V/C A (P<0.05)

3 i i
3.1 REAKRBMREFEM Zn-MMT 3t A8 & K
4 BE /Y 22 1

T RS N — ) B E & R 0 W T
Zn-MMT 28 M ™ B A F1 3Bl A 55 T AR o —
i B 7 RUTCHLT B, BE S 0035 ) W 3 3R 5% 2
BRI 7/l o N S B R (L5 S b = 87 | B
BEIUN B A AR S B A USRI R, Hu S5 F
FEARI AR ARL TS I AR A0 B 52 0 A0 A L R AR S A
M ZnSO, 7l i F R F A ADG, Hu 45" A #F 5T
R ARSI E AT HEAF R A K 4R R AT 0
A ERE . ARIRZE AR, 55X A A L, AR AR
B B R R R 20 A 40 mg/kg Zn-MMT &,
ZnSO, %} A %% ADG . ADFI fl F/G Y76 i % 0
X5 R A S5 RN — 2, W RE S BT YU in 7
MRARRIA K, [FIE A % B, 50 B A
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X Zn-MMT #0235 2] 60 F1 80 mg/kg B, Al i
FREAL 1 ~21 H WX ADG, i il 80 mg/kg
Zn-MMT ] B Z 85 1~21 HIRNY B/G, X ] fig
5552 A R R ) 45 R A BRAL R A O . 6 TR IN
Wil R 40 00 A & B e AR A IR 2D
AR, Zn-MMT 1Y 78 I8 2of — & 57 & 1), RETE

Wi L A KR A T W E YR
[F PR Bt LAt 87 0 A7 L0 F 45 FR 0 IR, 3k T
LB DA G N W 8 4\ W 1 = D i
AN Zn-MMT XF X J5 301 26 K 1 BB G 2 3% 52 i

HR AR5 — 205

x5 REARMEMRFM Zo-MMT 1 P38 578 H LR BHI T

Table 5 Effects of low protein diet supplemented with Zn-MMT on intestinal tissue morphology of broilers

WH fag  Zn-MMT W Zn-MMT supplemental levels/( mg/kg) ZnSO, P
Items Control group 20 40 60 80 ZnSO, group P-value
HEEE 1510.73  1411.69 1 265.90 1449.73 1 346.66 1 220.50 0.058
VH/pum +271.69  +204.71 +249.23 +246.19 +249.38 +322.24
+ =15 ReUss IR B 168.26 168.27 125.72 143.33 176.98 151.71
Duodenum CD/um +26.12°  +31.49™ +15.77¢ +20.88 *25.70° +20.30" <0.001
WS R/ RS TREE 9.14 8.74 10.28 10.27 7.91 8.18 0.005
v/C +1.35" +1.84° +2.02° +1.31° +1.94° +1.69°
EEY =1y 1318.45 1076.79 1277.69 1 180.01 942.71 1 104.70
VH/ um +201.51*  *167.40"  *117.76" +258.85" +205.61° +177.55" <0.001
=W W55 VR BE 146.60 126.05 134.04 122.64 136.21 154.93
Jejunum CD/pm +16.83" +19.94™ +14.60™ +16.48° +39.24" +28.23" 0.010
BERE/RERE  9.28 8.91 9.68 9.77 7.34 7.42
Vv/C *2.01° *1.56° +1.01° *1.71° +1.65 +1.40° <0001
YESE 723.24 724.74 623.44 666.43 633.39 668.27 0134
VH/pm +97.76 +137.23 +56.60 +135.57 +119.08 *121.77
&7 W% VR JiE 118.67 97.32 108.34 122.69 130.80 121.21
Ileum CD/um +15.96®  +13.80° +10.70" +16.45% +25.21° +29.88% <0.001
HEEE/RERE  6.29 7.54 5.86 5.61 5.03 5.87
V/C +1.05" +1.02° +0.59" *1.37% +0.86° +0.93% <0001

3.2 REEKRAEAMREFEM Zn-MMT 33 B8 % E
SEEEHMEm

TIEE M AER KT HERESE & &1 R
I BEAE S — BRI M e R, X T ah s
HREZEKXEE 1648 M 1 25 1 R 46 7 H
Z 5N 68, IE S R G 52 R, 4
Froa DI ae ™" . Qin 48 W 5% 2 W, A AR
AFEZKE ZnSO, XF 21 Fl 42 H # P XS iy it 32 I
FEFNNELIEHE B0 2 52 )RR T 0 o SR A
RER 3% AFB, 15 Y% ial K 51 & (1% A XS 56 3% T g
BEOD PR 1T R 21 HORS RS e B AR A R
e PRI i R B R R BT AR S R R, 5
X HRZHAH LE , ZnSO, £ 21 H i P XS iy 5 5 BORn 12
I 2 48 B W 3 B A, (H R I Zn-MMT A L 38 Jin
ZnSO, 7] LU 4R 21 H i P XS M Ji 45 B 0 32 1
PEARH, 18 X — 25 R BRI AN R ]

it ZnSO, 5 Zn-MMT W)W ALK FE 46 22 =
KA Fritt— 5T

3.3 REARKRAKREF N Zn-MMT Xt A BB E
4 BE 7Y 32 1

SRMEARAE B 5 R W, TR R RE A R TR
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BERE RS VH, IR 40 mg/kg Zn-MMT
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Effects of Low Protein Diet Supplemented with Zinc-Montmorillonite on
Growth Performance, Immune Organ Development and
Intestinal Tissue Morphology of Broilers

QIN Shizhen WANG Haibo LI Jinlu MA Xiaodong PAI Wengang YANG Minmin
WU Zhenyi CHE Yuyan GONG Liyuan SHI Zhaoguo*
( College of Animal Science and Technology, Gansu Agricultural University, Lanzhou 730070, China)

Abstract; This experiment was conducted to investigate the effects of low protein diet supplemented with zinc-
montmorillonite (Zn-MMT ) on growth performance, immune organ development and intestinal tissue mor-
phology of broilers. A total of two hundred and eighty-eight 1-day-old male Cobb broilers with similar body
weight were randomly assigned into 6 groups with 6 replicates per group and 8 broilers per replicate. The broil-
ers in the control group were fed a corn-soybean meal type low protein basal diet, those in the positive control
group [ zinc sulfate (ZnSO,) group] were fed the basal diet supplemented with 40 mg/kg ZnSO,, and those
in the four experimental groups were fed the basal diets supplemented with 20, 40, 60 and 80 Zn-MMT (in
terms of zinc content) , respectively. The chickens were free to feed and drink, and the experiment lasted for
42 days. The results showed as follows: 1) compared with the control group and ZnSO, group, low protein di-
ets supplemented with 60 and 80 mg/kg Zn-MMT significantly reduced the average daily gain ( ADG) of
broilers from 1 to 21 days of age ( P<0.05), and dietary 80 mg/kg Zn-MMT significantly increased the feed
to gain ratio (F/G) of broilers from 1 to 21 days of age ( P<0.05). Dietary Zn-MMT had no significant
effects on the ADG, average daily feed intake and F/G of broilers from 22 to 42 and 1 to 42 days of age as
well as the ADG of broilers from 1 to 21 days of age ( P>0.05). 2) Compared with the control group, low
protein diets supplemented with Zn-MMT had no significant effects on immune organ index of broilers at 21
and 42 days of age (P>0.05). While compared with the ZnSO, group, low protein diets supplemented with
Zn-MMT significantly increased the thymus index and bursa of Fabricius index of broilers at 21 days of age
(P<0.05), and dietary 80 mg/kg Zn-MMT significantly increased the thymus index of broilers at 42 days of
age (P<0.05). 3) Compared with the control group, low protein diets supplemented with 20 and 60 mg/kg
Zn-MMT significantly increased the leg percentage of broilers at 42 days of age (P<0.05), however, com-
pared with the ZnSO, group, low protein diets supplemented with Zn-MMT had no significant effects on
slaughter performance of broilers at 42 days of age ( P>0.05). 4) Compared with the control group, low pro-
tein diets supplemented with 40 and 60 mg/kg Zn-MMT significantly reduced the crypt depth (CD) in duode-
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num of broilers ( P<0.05) , and dietary 60 mg/kg Zn-MMT significantly reduced the CD in jejunum of broilers
(P<0.05) ; dietary 20 mg/kg Zn-MMT significantly reduced the CD in ileum of broilers and significantly in-
creased the ratio of villus height (VH) to CD (V/C) in ileum of broilers ( P<0.05) ; meanwhile, dietary
80 mg/kg Zn-MMT significantly reduced the V/C in jejunum of broilers ( P<0.05). Compared with the Zn-
SO, group, low protein diet supplemented with 20 mg/kg Zn-MMT significantly increased the V/C in ileum of
broilers and significantly decreased the CD in ileum of broilers ( P<0.05) ; dietary 40 mg/kg Zn-MMT signifi-
cantly increased the VH in jejunum of broilers and significantly reduced the CD in duodenum of broilers ( P<
0.05) ; dietary 20 and 60 mg/kg Zn-MMT significantly reduced the CD in jejunum of broilers ( P<0.05) ; at
the same time, dietary 20, 40 and 60 mg/kg Zn-MMT significantly increased the V/C in jejunum of broilers
(P<0.05). To sum up, low protein diets supplemented with Zn-MMT have no significant effect on the growth
performance of broilers in later growth stage, but compared to the ZnSO, supplementation, dietary Zn-MMT
can significantly increase the small intestinal VH and V/C, decrease the small intestinal CD, and promote the
intestine development of broilers.[ Chinese Journal of Animal Nutrition, 2021, 33(2) :792-801 ]
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