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Abstract: This experiment was conducted to evaluate the effects of various concentrations of coa-
ted ZnO on diarrhea index and intestinal morphology of weaned piglets. A total of 72 crossbred
(DurocX Landrace X Yorkshire) weaned piglets were allotted randomly, on initial BW ((7. 72+
0.65)kg) ., to six groups with 4 replicates per group and 3 pigs per replicate in a completely ran-
domized design for 28 days. Groups consisted of a low-zinc control group (LZ) fed 250 mg * kg™
Zn of diet as ZnO, a high-zinc control group (HZ) fed 2 250 mg « kg™ ' Zn of diet as ZnO (during
15-28 d, Zn concentration of HZ reduced to 250 mg « kg™') and 4 experimental groups in which
coated ZnO was added at 250, 380, 570 and 760 mg « kg ' Zn of basal diet, respectively. The re-
sults showed as follows: 1) In 1-14 days, adding 380 and 570 mg * kg ' coated ZnO significantly
decreased diarrhea index (P<C0. 05), and which had no significant differences with that of HZ;
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the diarrhea index, adding 510 mg * kg™ ' Zn of basal diet, was the lowest. 2) No significant in-

crease in liver and kidney Zn concentrations were observed between groups adding 250, 380, 570
and 760 mg *» kg~ ' coated ZnO (P>>0. 05) ; adding 380, 570 and 760 mg * kg™ ' coated ZnO signif-
icantly increased fecal Zn concentrations (P<C0.05). 3) Adding 250, 380 and 570 mg « kg ' coa-

ted ZnO significantly increased duodenum villi height (P<C0. 05), and which had no significant

differences with that of HZ (P>>0.05); V/C values of duodenum, jejunum and ileum, compared

with that of LZ, were greater (P<C0. 05) when feeding the diets adding 570 or 760 mg * kg ' coa-

ted ZnO. It is concluded that adding 380-570 mg * kg ' coated ZnO, as pharmacological concen-

trations of ZnO does, can protect intestinal morphology and decrease diarrhea effectively, moreo-

ver,can save Zn source and reduce environmental pollution.
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Table 1 Experimental design
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1.1 REH R

38 AL B DR, T BE & 5 =78 00) . 8
LA EE Chly ) A a7 AR R AT BR A R4t L 4
R =502 .
1.2 RWigit

B PR B AR 55 A 3T (7. 7240, 65) kg) Y 28
HE“DXLXY” =03 8 Wi 547 4% 72 3k . BEHLSY 6
Y BHAANERE BIEEZ R 3 L HEANEL
(M B T A SR, 8 2 A B AR EE X ]
A (LZ, LR AR +250 mg « kg "Wk B ALEE T
R B (HZ, FE i B +2 250 mg » kg "4 B
FEACEE) 5 4 AU AL 43 ) AE 5 Bl R R R VR
250,380,570 1 760 mg « kg ' 1 HAALFE (LLEF
K BRI 1. JERE AR 2 I NRC(1998)
BRI BRI HIE A IR TR AL R SR KT
W2, B BUFEY 5 d, 15 28 d. HZ 4178 1R
55 14 d A AR R O AR BE KT

i H Item {REEXF IR LZ Bt Big] HZ iR 1 41 CZ250 k5 2 41 CZ380 itiy 3 41 CZ570 itk 4 41 CZ760
BT JE. e o e L o e
. AL EE A EE (R &N 194 A b (R E R (OR &
Zinc form

A S, . k 1

FKF/(meg « ke D) 250 2 250 250 380 570 760

Zinc level

CZ250 F R TEHAM H AR BN 250 mg « kg M RLPA AL BE CREK ) L HAlL 3 440 5 R L 2 HE

CZ250 meant that 250 mg » kg™' coated ZnO is added into the basal diet, and others are similar
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Table 2 Composition and nutrient levels of basal diets ( air-

dry basis) %
#H )i, Ingredient 5 Proportion
F Kk Corn 51.45
A Rapeseed oil 2.00
KK Soybean 22.50
14 ¥y Fish meal 3.80
BRALFL IS # Acid whey powder 6. 00
HERE Sucrose 2.00
WA BE Glucose 3. 00
/NFE %k Wheat bran 2.00
1l 3% 25 [ 8 Plasma protein powder 4.00
BIR & 55 CaHPO, 1. 00
HE 55 CaCO; 0. 65
/NIRFT NaHCO; 0.50
Bk NaCl 0.20
L-#fi 24 iR th R #h L-Lys « HCI 0.31
DL-#E %% DL-Met 0.02
S AL A Choline chloride 0.10
B4 24k Compound vitamin 0.08
W) B N ) Mineral 0. 40
4t Total 100. 00
B 2K F Nutrient level “ 5 Content
HiLRE/ (MJ « kg~ ' )DE 14. 29
ML F i CP 20.19
AR Lys 1.36
EHAM Met 0.35
5 Ca 0. 80
S TP 0. 65
#/(mg + kg™!) Zn 29.39

4G 2T s AR . VA 32 000 TU, VD; 8 000 U,
VE 200 1U, VK, 40 mg, VB, 16 mg. VB,128 mg, VB, 4. 8
mg, VB.:0. 24 mg, D-IZ IR 45 200 mg, MR 280 mg, MR 4
mg., F Y BTAINF Oy 8T s AR AR AL Fe 100 mg « kg ',
Cul0Omg-+ kg 'sMn1l0mg-+kg ',Se 0.3 mg+kg ',10.3
mg » kg ', FEFRWIEREEE R AL AT EE

Compound vitamin provided the following per kg of diet: VA
32 000 IU, VD, 8 000 IU, VE 200 IU,VK; 40 mg, VB, 16 mg,
VB, 128 mg, VB; 4. 8 mg, VB, 0. 24 mg, D-calcium d-panto-
thenate 200 mg, nicotinic acid 280 mg, folic acid 4 mg. Minerals
provided the following per kg of diet; Fe 100 mg + kg™ ',Cu 10
kg ', 1 0.3

mge+kg ',Mn 10 mg » kg ', Se 0. 3 mg -

1

mg * kg '. Znis a measured value and others are calculated val-

ues
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1o JRE R B B TR B A I 1 986 v B RN B B IR B i
OB/ REREREV/O,
1.6 HEHITHH

I HIEZ Excel 2010 % )5 , 3% H SPSS 17.0
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Levels of zinc as coated ZnO

B1 FAEGAMKFHERILETEHNFEESER
A

Dynamic variation of diarrhea index of weaned

Fig. 1
piglets by adding various levels of zinc as coated
ZnO

28 3 AT, ZE IR I BT 14 d. 54K 4% X HR 4 A0
o AR ER N 380 A1 570 mg « kg " AE AL B W
BeAIR TRE TS 45 50 (P <C0. 05), 43 B T 39. 06 % F
40.63% HE BB A 2 5 A8 % (P>0.05);
T 2SRRI 250 #1760 mg « kg ' gk A AL R
JEVSTE BT AR TR, EIRE)E 14 d v, S50E X Id

R 3 TEIKEGHE SN XTI F 5 I8 S 45 $ B %2 0

AUAH LG RSN 570 F1 760 mg « kg ¥ A AL B
B V5 45 B8 3 s (P<<0. 05); 1 250 #1380
mg « kg YL EA AL Y R TS 15 5 5 IR G IR 4
ZERARFEP>0.05, FHHFEfE 14 dh il
B T 2 P )RR S A A DR« L R R R T R Y
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(P<C0.05), AR IZATE G 14 d. AR i A 8k A Ak
R AR KT .28 d P RE G i 14 d il
IR T 40. 70 % AR5 B BF & B AR T B 2 IE#
IR B B B B AR R B KO AR A B B L R
XTHEA BE 7K N 14 d 19 39. 61 mg » kg 'FELE
28 dify 28.20 mg « kg "% H 5 AR A R 41 TC
B #EFR(P>0.05),

I 5 TRl B A B TR S K B
T VT 05 A48 5 1 T8 AN () 38 57 9 25 40 S 3% {0 o vk
W (P<T0.05), SAREEXT A ML, R T
CZ250 214, A A5 1200 41 25 (50 ik 1 J 2 T i (P<<
0. 05) H A3 06 2 28 0 B 75 et vk B 389 B0 351K o9
Yt BB 2H (P<<0. 05) ,

Table 3 Effects of various levels of coated ZnO on diarrhea index of weaned piglets

T H Ttem AN B LZ @t B4l HZ 56 1 41 CZ250 R 2 41 CZ380 R 3 41 CZ570 iR 4 41 CZ760
Bi 14 d 1-14 d 0.6440.04*  0.46=+0.03" 0.68+0.07" 0.3940.05" 0.384+0.03" 0.6740.13"
J& 14 d 15-28 d 0.38+0.05"  0.6640.16" 0.50+0.01" 0.50+0.01" 0.6540. 06 0.69+0.13°
4] 1-28 d 0.5140.02*  0.5640.07" 0.5940.03% 0.45+0.03¢ 0.5140. 03" 0.684+0.13"

[l 47 T6 7 B8 BRI R B A ] 5 6 3208 22 572 R B3 (P=>0. 05) LR [A)/NG 5B 7R 22 57 8. 3% (P<<0. 05) . T %]

In the same row, values with no letter or the same letter superscripts mean no significant difference (P>>0. 05), while with dif-

ferent small letter superscripts mean significant difference (P<C0.05). The same as below

2.3 BHE\NEXNENFETZEE. =hMEE
A A
M 6 i AR T B BE R R S AR R R

4ICLZ) A L. 25 12 30 20 09 4K B e B2 43 0 3 o T
7.91% .14.81% .15. 13261 37. 29 % (P<0. 05) , i
B 1 41 (CZ250) By B s TR B2 AN B I (P=>>0. 05) 4
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7 He At 3 A~ 56 4 B s T B AR R AR T 4. 61 %6
8.36% Fl 4.10% (P<<0.05), 486 & 5k s g i
A (V/C) . CZ250 A4 mAlhAS b 35, HoAt 3 ZH iy 1b
HEEST LZ4l. SEad R4 (HD M. {56
4 41(CZ760) M40 E = B & 3% 38 (P <<0. 05) , HiAfih
3 AR LHAF AL AR i (P>>0. 05) , W25 IR & .
Bk CZ760 HR L E & AR T LZ 5k, HAl 3 4~k

F4 FRKFEEEWEX B PFETBHAFHZME

AR TE .5 LZ 4 R i (P<<
0.05), HFiXBAMBREIRENMF LZ4H(P<
0.05) 1M LB T iR 56 2 41 (CZ380) &b, Hifth 3 41 1)
Wess VR BE VR B 2% T HZ 41 (P<<0. 05), CZ250 41
) V/CHE % T HZ 41 (P<<0.05) . Ml 58
HE] % B, CZ250 F1 CZ760 41 V/C @ F LZ
H.imE HZ 40 3% 2 5 (P>>0.05),

Table 4 Effects of various levels of coated ZnO on zinc concentration in liver and kidney of weaned piglets mg * kg™!
1 H Ttem B IR LZ mrarst B4l HZ 50 1 41 CZ250 K50 2 41 CZ380 5% 3 41 CZ570 55 4 41 CZ760
14 d fif Liver 91.21+20. 25" 248.91+19.95" 86.02+2.08" 97.75410.15" 101.9646. 75" 98.50+10. 06"
28 d fiF Liver  78.05415.39" 147.61442.35° 87.67414.40° 94.38+25.52" 91.81+£7, 24" 80. 62419, 67"
14 d ¥ Kidney  25.5446.40" 39.61+9.03*  27.474+8.03" 18.14+1. 41> 20.7443. 94" 19.53+2. 25"

28 d ¥ Kidney  24.03+3.81 28.2046.29 23.8742.33 24,0544, 07 27.45+1.03 24.544+3.23

K5 FRAKFEREXFEXNHNFREELETRBLATYREEFKTENZI

Table 5 Effects of various levels of coated ZnO on zinc concentration in different sections of the digestive tracts and feces of

weaned piglets mg * kg !
S T WHAA BN EA AR lm Rkz4 | RRIA R 4 41
LZ HZ CZ250 CZ380 CZ570 CZ760
) Bk 241, 44+ 2194.17+ 297. 96+ 402, 414+ 538. 58+ 754, 45%+
Feed 5.92! 15.42° 7.57¢ 6. 961 10. 88¢ 9. 96"
HNAEY 305. 14+ 1851.02+ 337.06+ 413,29+ 615. 04+ 734. 38+
Digesta samples in stomach 33. 04¢ 206. 86° 44, 47¢ 60. 10¢ 52. 46" 75. 87"
=AY 387. 85+ 2 593.61+ 337.92+ 436. 40+ 601. 04+ 881. 14+
Digesta samples in jejunum 75. 359 204. 83¢ 5.22¢ 64. 41 87.29¢ 67. 86"
ZE N A 1 381.35+ 9 017.57+ 1 882.95+ 2 004.19+ 2 951. 69+ 5 124,07+
Digesta samples in colon 275.92¢ 455, 23° 280. 914 25. 65¢ 65.50°¢ 91. 29"
Fefi 1192.96+ 9 518. 24+ 1702.20+ 2 838.55%+ 1988.56+ 4 077.09+
Feces 70.10¢ 649.71¢ 67.56% 406.01¢ 153.70¢ 516.51"
(CZ570) 5 HZHZERABZE . TAEJE N 219
3 9 PR AE I I T A A AR R Y DR A T R R R
3.1 BRI R S A M B BET S R B3 B 09 A AOM I3 H T T

Wi A48 B F A5 WAL SR B RS R K 1
SO SR T Ak W IS RE T 55 L 6T A B T TR K
B I T VR 4% 1 3 B AR TS BR S AR AL A 2 A
REm, sl RERE TR EE RIS ERK
e HBRETRSKIET S — R HE LIS
FR R AT HE W% 1 8 2 B Y . KR IR R W, A
AL RE A SO S X A IR 45 R —
. ERIEHT 14 d, SAREEXT REALAH HE , = B0 HR 4
(HZ) I8 15 5 % 2 B A%, il 56 2(CZ380) Fi 3 41

SR A R S G 0, BRI = T AR IR TS
T B0 i 4 O R G SR AT HE L Y e R A g A Al B
WAE 510 mg « kg B AFREAEWT YIRS 2 JH N R
TS BRI (0. 32) . BLAM . MR )G 2 AR E
SR BT B AR . CZ250 Fi1 CZ380 41 Y I8 15 5 %k
WA WA T CZ570.CZ760 F1 HZ 411 16 15 48 50
77 48 v . X U W R A A BT 5 05 R 2 A BRI
WP Y A Bl A AL B (380~570 mg » kg 1) [F] 24 B
AR — R ERRE A B B RS AR H S 2 A
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Table 6 Effects of various levels of coated ZnO on small intestinal morphology of weaned piglets

Wi AR BEXT BR 2 (ROl | W14 WK 2 4 K 34 R4 4
Item LZ HZ CZ250 CZ380 CZ570 CZ760

B EE/ pm 332. 4%+ 366,19+ 358. 69+ 381. 62+ 382. 70+ 456. 36+
Villus height 15. 64¢ 13.15° 7.99° 25. 24" 19. 67" 14.95°

o8l BREHEE/ pm 472,094+ 339. 37+ 468. 90+ 450. 33+ 432.60+ 452. 734+
Duodenum  Crypt depth 9.13* 5. 82¢ 13. 64° 12. 16" 8.62¢ 8.27"
SEEE/ 0.70=+ 1.08+ 0.77+ 0.85=+ 0.89+ 1.01+
[z IR B V/C 0.04¢ 0. 04° 0.02¢% 0. 05 0. 06¢ 0. 04"

B EE/ pm 305. 43+ 426,53+ 328. 68+ 333. 02+ 371. 15+ 267,044
Villus height 19. 98¢ 9.55° 15. 86 8.63¢ 14. 10" 13.41°

2= s R/ pm 342,21+ 322.23+ 224,57+ 313. 74+ 305. 79+ 270. 23+
Jejunum Crypt depth 3.58" 13. 00" 8.50° 7.23b 9. 84¢ 14, 35¢
= 0.89+ 1.33+ 1.47+ 1.06+ 1.224 0.99+
s R V/C 0.06° 0.08" 0.10* 0. 044 0.04¢ 0. 054

Y EEE/ pm 311. 60+ 332.09+ 328. 68+ 271.19+ 299. 26+ 374. 45+
Villus height 4, 84 9.96" 10. 65" 14. 46° 10. 52¢ 12. 16°

[a] 7 W58 YR / pm 323. 454+ 245,724+ 224,57+ 297. 374+ 253. 574+ 260. 894
Ileum Crypt depth 11.11° 6.50¢ 6.50¢ 8. 75° 12.81¢ 16. 89¢
KEEE/ 0.96+ 1.35+ 1. 464 0.91=+ 1.18+ 1. 44+
Rass iR V/C 0. 04¢ 0. 04" 0.08" 0.06° 0.04" 0.10°

3.2 BHSUENHNFREEALEGELERNR
NS E L= A

B IS B I 70 2 3 58 45 AL LA L T
JHF U PR i ] e i SRR R G R R RE AR A1
W SN A AE Sh AR S i DT RLE Y. R R
ARG 1 7 Y5 5 2« AEL LA 3 W A o ok B T R
FRE AR 14 d o R gL PR B o ) S
{IRPERRZH Y 2. 73 1 1. 55 A%, 1 4 100 41 1Y B /K 71
B TC2E . XUl L AT BETE — 8 T AR B IR
Bl s vl B S8 e R R N P & i, 2
PR 3K T PR HLAA R DT R K 8 S e

T3 A s B R 1R T — A TR R R R ) YR B A
IRV e T R A2 R SRA , HEAE T b
H R 8 A i e AL S 0K A R D ) e o

FEHES  XF IR BT g™ G Y AR
BEA (HZ) () ZF RE VR B 3K 9 518. 24 mg = kg '
ARFELL (LW 7. 98 15 s £ I 1 2E PRk BE L 43031 Lb
HZ 4% T 82.12%.70. 18%.79. 11%.57. 17%., H
WG RT R FH AT e A e A e A A v vk B 3 4R
AR, 2 — T R D PR R TS P A T B
3.3 GHSUERHBFENIESHEE

FF58 S 1 B 43 25 1 O B 25 4 L B s DR EE RS
HCE IR B AL W sz B S AR 45 5 51 KR
YU BT W AR RS s ) o SRR T R
WERA ARHE BB ER RIS RE. RES
JE T I e g% B AR K Y T AR b H R 156 B
AE ke, X.Li %M & E,3 000 mg « kg ' A Ak
R S 25 0 /N T B B B 9B R R OR Ok 3k IR
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