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Abstract In order to determine the appropriate additive level of different zinc sources, help feeders make correct
choice between zinc sulfate (ZnSO,) and zinc amino acid chelate (Zn-AA). Twelve 2.5 = 3.0 year old, 40 — 45 kg
body weight Guanzhong dairy goats, with three site permanent fistulas in rumen, duodenum and ileum were selected
and randomly assigned to two groups. The goats were feeding with non zinc additive dietary, zinc level were provided
by infusion two form of zinc solution, ZnSO4 and Zn-AA at zinc levels of 0,20.,40,60.80, 100 and 200 mg/kg of RM
(rumen mass) , respectively. Samples of duodenum chyme, ileum chyme,dung and serum were collected discontinously
to detect zinc content, and small intestinal and whole intestinal zinc digestive rate were calculated. The results showed
that.1) Zn-AA had a higher digestion rate than ZnSQO, overall, small intestine is the main absorption part in dairy goats.
but large intestine were manifested also had strong absorbency to the two zinc source. 2) Serum zinc level was not rise
with the high digestion rate of Zn-AA, but follow zinc levels of ZnSO, and Zn-AA respectively.3) Optimum ZnSO, level
in dairy goat was 40 mg/kg RM, it's optional concentration range was 40 — 60 mg/kg of RM. Optimum Zn-AA level in
dairy goat dietary was 60 mg/kg of RM, it’s optional concentration range was and 40 — 80 mg/kg of RM. It can be
concluded that ZnSO, and Zn-AA could be absorbed in small intestine as well as in large intestine, Zn-AA in general had
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a higher digestion rate and stronger tolerant than ZnSO, . Serum zinc level depends on the zinc source and levels due to

different absorptive mechanism of two zinc forms.

Key words dairy goat; zinc sulfate; zinc amino acid chelate; additive level; digestive
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RSB EEEEN A REIDNEREE .,
P A S AT e L B PR S SR LR Sz )
AN IE R AT B SETRe" . Rarsh H R
o LU I TG HLAE (ZnSO0) VE R B2 1R . LA 1 332 4%
#HE NRC(2001) ™ X6F Ly 2 4 5 2 0 (W 4 47 1 30 ~
50 mg/kg(DM) , Fflk & 4 10 mg/kg(DM) , Hp 35
15 500~1 000 mg/kg (DM) ,{H X%} T A 5] 5 Fh Al
A BB B 1L 3R B A WA B bR . T HLEE AR
SR A S AR R 2R R LA S i Rl R S
A0 A BB B B 8 5 5K TR UL R T A HE
IRBE TG gt BRI TR 2 A5 B 5 Qi el B v B 0 R 2R
Pl /D 3 G RS R R R AT R IR R, AR
R A BF (Zn- AN VE Sy —Fo B 0% B 5T 52 3]
ORVE AR LA B Wy i 18 NI AR e L 3h i H O
TP IR 3 ECAS I KSF- S k3 4 1Y) AR B D) BE A AT 5 e 4
7 T ) R e = W 5T . T CRIE LR . HOAR T REK
-2 ROK R I R W) T T F 9 B AE T Ak TE P S
B A0 T AL W SR A o AR S 36 D5 1 2 R X 4, ik

ZnSO, Al Zn-AA 2 Fp A7 L 18 o 9 T A [8] 4 DR e
T H N IR BIRRE B — 19 K P DL 58 HAE AN [R] B 407
i TE AL BT AR TR SR B 2 5 1L R HOAR R Zn-AA
R T BTN IR S 5 A R A Sl DR S T A AR
P& e B R R 4 B BRI, OF MRS sh o
PIouR s B SR A S H 05k .

1 #H5FE

1.1 K& zh4

e BUARMAERER 2. 5~3.0 % K H 35~40 kg,
27 2 B e il E 12 1AL T T AR AT R
BN b7 Ny e < /70 LN 7 ) ) /N SR A 2~
BEHLAT I 2 41 . HF4 6 H.
1.2 KEAMRRAFERE

I A R T AR OE L R i SR T A A 3
FR A 3 B AR 98 (& F) 5. 2009203148043) , 47 kLl
R IK 43530 DAL R KRS Ik 4, e i, [ ROk .
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J7 S BREER TR A, At ¥4 1E T BRI I (R
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Table 1  Composition and nutrient levels of dietary(air-dry basis)

R 20 1 W i H Y B IRKF o
HAE 60. 00 fRIHAE/ (M]/ke) 9.25
HE TR 10. 00 w( TP/ % 90. 06
EF.S 13.50 wCHLE )/ % 11. 46
B 2.20 w (Zn)® /(mg/kg) 16. 30
i 4. 80 w(Ca)/ % 0.38
wH 1. 00 w(P)/% 0.25
B STy F = 4. 80 w (Ca)/ w (P) 1.52
FEAE A 1. 80 w (Na)/ w (K) 1.60
WL 45 0. 60
ik 0. 30
T IR AL 0.50
1k 0.03
e A 4 0.54

H:OF kg BURB ATHML VA 1620 000 TU; VD; 324 000 TU; VE 540 1U; VK 150

mg;FeSO, « 7TH;O 170 g; CuSO, -

5H,O 70 g; MnSO,

* 5H,0 290 g; CoCly -

6H,0O 510 mg;KI 220 mg;Na,SeOs 130 mg., @Ikl H AR H Zn & 5 R L IAME .
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A1 12 0 AR 2 homE 1k, TR 2 1) DA K R
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1.3 BERERBENE

£ BE i R ] Co-EDTA #7302 1 52, Co-
EDTA B 2 R Uden 2507535 . BAK Tk
R % 4L HETE 20 ~ 50 me/L il Co-EDTA ¥ Wi
CLASEI A s A 3L55 H Co 9 SE A 31 mg/L),
BETERTE S 7 d, BEFERT . 100 mL ) Co-EDTA
JE SR WOT Bl Sk R AT (30 em) AhEE 16 2 WA
HEBEEZ N THEN. IS B E N
Co-EDTA ¥ 5EIK B 1) Co-EDTA ¥ BEAR T
Ji3 BT  v JRE AR Ak R R A BRI L T Y
Co-EDTA A B S Aff s (A 56 o A 00 495 111 2 78
HAB R 9.5 L, Ja shil B i i B 2 327 mg/L) . 8k
Jo ) Bl O E O T O R HE T A% 2 & (B S BT-
100K, 12 3 3 , F a2 2% % 15 i 5 A PR A 7D #% Co-
EDTA i % — 5 I 2 147 3% 2 0E 1 (O v 1 AR 9
e R B A T WE R R PR HT AL SR Y E R Y
KT B R, AR R e REEE RN 2 000
mL, % 1. 42 mL/min),

M LR S B JE AR TR S SR 7 dL AT
4 dARRAEH S RIFIRE+ R EBEMEL &
BERE o S DR UEAE & 7 35 50 1 Lkt fo SR A o B X 3
Wi B ORAE S 3 d HEAT R RCRAE 4 IR B ]
[F1] B AF 45 L DAER 1 O i SR A 14 B ] 5058, 5B 6 h
RAE 1T IRGE 2 RRAER I HEEE 1 KRR 2 h,
58K IEI0E 6 h R4 1 WKL 55 3 RILE 2 RH#ER 2 h,
(i) B B R A ) B 3 4% SR A B I 8 6 47 45 O BV AH
MFRRG 2 h oRE 1R . BUCRFE ST I+ 98
i 0 1] g A i B 4 1 ) SRR A O 4 A
T AR AR G A R B A s, T
16 W BE YR AE 20 mL, [l & BE R 15 mL, 53 5
W B UCR S FE SRS AR AT SR . R
FEAE G % 3 d NSRRI+ 45 I Fn [nl i & g
FE AR B SR AT S IR S BRI A — 20
CHAFFEHTHL.

FEEAT B BE R AR 1 [ B SR 4 2 4 L 38 o i 38 4
WAER R 2 IR G5 FRE, #1026 BU
BR3P /IR A ) 3 6 2 A MR TR A il Al
TRAG A B UCRAE BRI FE R A T — 20 C ok

LR

W T R £ BEAE B REHRU/INRE T 65 °C HEAF b4t
T TR 4 R 25 4% b WF R LR L BRI 0. 2 g OFf ff 2]
0.000 1), FES A Co ¥ BE R F I 6 iE L (H
ST Z-2000 T JE - WG 5O 1 KOG 20 E L Co 1Y)
JEF WO 1 R 240. 7 nm 28 S-SR B

T A8 B A0 I g £ JBE I (Qd A1 Qi) Co-
EDTA 1 Co A 45 K 1577 5 (Qe) 43 3 B LA 3 i)
AR AR BE AR A T Co YR EE (Cd AN
Co Rl i35 45 i .

Ql = Q/Cd
Q =Q/Ci
1.4 HIRHSERARKEESFE

AR K H AR A 2 RO B R, —Fh 2
ZnSO, (i B, KAk T2 & A 77, 4l B ol 4 B 4l
99. 8%, HHE=22.5%) . B —Fh W E KA A ERES
BEZn-AAN BVBEITUR 808 10 %0, RS 6 TR TG i+ 4y
B25%0 B RN 92% I EE S AW H AR H IR
ANERAE, Hh L URERR 0.87 % VRAEMR 2.51% .
% E R 0. 59%0 RN &M 1. 57% 2 &R 0. 92% .
WA 2. 80% A EMR 2. 8% A 0. 98% . H
HAM 1 41% K& 0. 96% HEMR 1. 90% K
iz 1.10% JHE R 0. 51% . R &AM 0. 22% A&
R 1. 49% AER R 2. 68 %0 M &R 1. 45% ., DL 14
T EO .

SRy JHE B AR K B X BE K ST B S ) A ] A W] 7K
B BE HORLE AR AR F K b [ 25 T — e AR TR K
SRR W LRI T B K IR E S — . B
VWG ok R S W T B R R R AR R H
LR KT s s A TR e R Al B AR
AR TS AR — 5 719 ZnSO, 3% Zn-AA L H 58
T K G 5 T B AS [ Ve B VS W 4 S Ak e £ g o
CIE A AN A B 25 %) 20,40.60.,80,100 AT 200 mg/
kg s AR A A I A 1 £ JAE A G ) A A R VS VI
FERCGERN 2 000 mL) AN ] 2K - () 8 1 4 3 ot
SR SET TN E WA D). EREER 3
S AR A 0 45 1L SRR N A A ORI R
8~10 L), JH 100 mL M WAE R 8 sh ik (10 %5 T H
WK Z s 350 A E Rl B L 98 5 PR vk
FES AT I HEE T R E R B KO . SR I B
T AKCE (9 ZnSO, Fl Zn-AA VW 5 5 3E 1 o
(1. 42 mL/min) . ffi 2 000 mL {487 W 15 5] M v
VETF U520 BN E S 7 dLAT 4 d ASREE,
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Je 3 d SRAE SR AR B RE f Ak B 32 [ £ JBE It i )
FE . — KRS S5 U L W5 SE RN IR H R (8]
W% 2 J& B AT — KO B T

1.5 MmAEFRERMDEH &

R A1 BE R S I, L ) DL i 5 Bk R i
L5 R LA N S50 Dk Ak SR AR LW 5 mL, # & 30
min,2 500 r/min &.0 15 min, ] T 0 & 5% & &
—20 CLRAF Frill,

1.6 #HEUNERIERITE
1.6.1 &

W LR URAERY T 48 W . ] i £ E FE RN 3 AR
i R HEBR AR I 100 ¢ TR &P, & 65 CHLFH
HEF 48 h, R . 7E A 4 T8 AF B A RO R (4l
it 40 Hf .

HERARECT 38 17 . Il i (2 BE sl 3 M K #E 0. 2 g
CKEBf 2] 0. 000 1), & FIH M s iR 7 mL(fi
o) BUE K 1 mL o B 260D o 78 G0 i A
(CEM Mars, 2 E %A FD IH A 2 h, fFFE & o8 4
T ) 5 BV W T 25 mL SR d . R )5
F 5% (R B $0 B9 HNO, (G Brat) & 45, 57 50 5
FHF D0 o

1L 375 FE B4 Ak 2R 35 J2 I % R 5 . B 0. 5 mL
IR R R AR X R Ny i I
1.6.2 44 RA LI H

o B it FH D IR AT K DY 5 vk AT I (AR F

FEHH AL Z-2000 B 5§ BOGIEAD L Zn 1 J5 5 1
Wiy 213, 9 nm JREE R Ry 25 - CBRIR B UK

T AR W W R M SRR L A

IR = O AR W R B B
TR e BEE ) /1 000

Il fi7 B 3t B = Il g B Jo k80 < Il i 0 JBE
) /1 000

FEPh A = (R EER
1 000

/N B4 T 1 RETE AL R R

NG R Yo = (+ 38 Im e i & — W ig o
WD /T AR B ] <100

il e/ Yo = [ (+ 48 I e i i — 2 g
)/ IR R A ] < 100
1.7 HIELEBERSITSH

I B S5 H Excel 2003 #EATIC S A3, 5 1
SPSS 11. 5 4t i+ #4947 8 K &K 7 22 43 #t (One-
Way ANOVA), [6] B} # 47 Duncan [ £ & i, Ar
ARAEH L 2 £SD R,

2 HRESW

MULUFEARBRHRERBEERFREE
M Co-EDTA #ric ik & Wil 3+ 45 17 .
i B2 B UL 308 i AN R B DA R T KA AR T T
Jign £ B B i 10 B R S P R A D R LR 2.

/\ﬁ X

b3

N
&

)/

fem
b

2.1

R2 T ER.NBEERREER 2HERESEIRTFERARNFRANGERESENHHE

Table 2 Duodenum and Ileum chyme flux and zinc weight in different segments for
each dietary level of two zinc source in dairy goats
i g ERERE TR EE Iul fi7s £ 3§ R0 7k 4 Il iz 5 it 3 4/ FErh B/
SE/ (mg/kg) AR/ (g/D W/ (g/d A/ (mg/d) (mg/d) (mg/d)
Xf MR 0 810.38£75.8 511.03£50.0 21.95%5.2 13.95£2.2 9.62+2.2
7ZnSO, #H 20 810.38475.8 511.03£50.0 67.9248.4 48.65+7.7 24.054+2.8
40 810.38+75.8 511.03%+50.0 116.79+6. 3 58.92+1.7 40.29+9.1
60 810.38+75.8 511.03£50.0 139.81+8.4 79.33+3.9 57.5249.0
80 810.38475.8 511.03£50.0 188.84+7.3 94.584+5.9 85.36+3.9
100 810.38+75.8 511.03%+50.0 194, 50+20. 1 107.62+16.4 98.87+10.6
200 810.38+75.8 511.03£50.0 341.99+44.3 260.61+39.9 237.48%+11.5
Zn-AA H 20 810.38475.8 511.03£50.0 80.17+2.2 40.40+1.9 25.704+3.3
40 810.38+75.8 511.03%+50.0 102.13+11.7 57.36+3.3 41.07£5.0
60 810.38+75.8 511.03+50.0 128.03+15.6 69.42+13.1 38.47+6.0
80 810.38475.8 511.03£50.0 188.31+24.0 84.53+13.1 69.8844.0
100 810.38+75.8 511.03%+50.0 158.35+28.4 98.74+13.0 77.88+6.8
200 810.38+75.8 511.03+50.0 331.84+33.9 206.16+17.8 160.07+10. 3
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WL ST AN TR 2K P B I 0 £ R A
IR R B R VA A A U DR — B
Wy AR T AR i £ 8 I 3 B B R R AN R L T
U O AL T A% TR UK B A T A i
Pritm . R 2 R LLE W BEE P K P 1
Ths s AR W | [0 A B L 10 R b A B L
U 3 T 3% I X B BT A SO A — E VL
M TR TR B B 0 ok B A 48 M (e g ) 2

B B T AN HE A R MR AR, R R
/AN 7K PN 7S K e R SR L NG WA R N CIE 2
M Re e — 2%, RIAN Zn-AA & F
ZnSO, .
2.2 AREHEBEMAEEDLUFEHENELE
ANIRHEVE K 48 F » ZnSO, F1 Zn-AA TE /)
1o 04 T 1 I AL L 3,
M 3 AT LA . WL 2R T AR S R

£3 AEKFEH ZnSO, 1 Zn-AA EPRLFEFREFEAE L E

Table 3 Digestibility of different source and level of zinc in intestinal and whole digestive tract in dairy goats

Ry WA INBTE AR % L MH IR/ %
(mg/kg) ZnSO, 24 Zn-AA 4 ZnSO, 4 Zn-AA 4

0 36.02+3.5 bA 36.02+3.5 aA 55.81+5.7 heB 55.81+5.7 abB
20 42.5543.3 cA 49.6042.1 beB 64.14+6.5 cdC 67.9943.5 ¢dCD
40 49.4243.9 cA 43.5145.0 abcA 65.4148.2 dC 59,0949, 2 abeBC
60 43.08£5.1 cA 46,0643, 5 beA 58.5348.5 bedB 70.0141.8 dC

80 49.9541.3 cA 55.05+4.1 cAB 51.634+4.9 beA 62.244+7.5 bedB
100 44.6446.7 cA 37.2243.7 aA 45.8445.3 bA 50.1745.6 aA
200 23.8943.8 aA 37.5946.6 aB 30.03+6.1 aA 51.5544. 3 aC

I [{—FUAR A ARG P 3R 22 57 .35 (P<<0. 05) A AHR/ING 2 B 378 22 53 AR .35 (P20, 05) 5 [/ — 47 W . A5 AH )
KRG F BRI 22 5 AN B35 (P=>0. 05) A AR KRE F 8188 2 57 2 3% (P<<0. 05) . T &,

G A B X ZnSO, Fl Zn-AA 1) WE ik 25 30
IR R 25 5 R E WAL N N JE X
ZnSO, Ml Zn-AA WA — & & R I ik R 58
[ FER A A B Y E R

/N ZnSO, BIIH AL ZEBE & HOAREEKCF 19 T &
FI R e T I R A A A, B I A BT 80
mg/kg i, 74 16 % 0 2h X B Th BE S B0 80
mg/kg B3k # & . 7 F 80 mg/kg B}, B T %,
200 mg/kg BF I fb R AR, W3 A% T 3 & K OF
(P<<0.05),Zn-AA /N W1k % 5 ZnSO, 2K,
5 RO T 80 mg/kg W)L IH AL R P S =L BT,
7 80 mg/kg B ik B W& , = T 80 mg/kg B, Pk
TR F 100 mg/kg BF, & A # T AR 100 Al
200 mg/kg B4 1k % W Z L T 80 mg/kg (P <<
0.05) . BRANGNAKES 72 BE KT . Zn-AA 41
(I AL 5 T ZnSO, 4.,

A7 iE K F L ZnSO, il Zn-AA )74 1L K [F
FERIN Ry e T R i B AR 0 R A5 T v A A B 5k
W {174 Ve B 350 B /N W i A% o R [) B U 22 T S 45 A e

Mo ZnSO, 1E 40 mg/kg B I 1k 2 35 B f K AH ;Y
i o BT 40 mg/kg B 2 ETHEHG & T 40
mg/kg B2 T 7E 40~60 mg/kg HATE 5
5 HOR T 80 mg/ kg I T Ak A R AR 7R
200 mg/kg M, & 3 (% T H A & 7K S (P<<0. 05),
Zn-AA H5 ZnSO, 24175 1k AH AL, {5 45 K 731 1k %
Thm JEEE . £ 60 mg/kg I ik B IEAE . IE(E )5
R B R B G218 . KT 100 mg/kg WA TR E ., &
PRZR I e AR 5 PR AR Y 22 Ak e 34, A ) ok
) Zn-AA 47T ZnSO, 4.

A B AR TN T AR B S5 R AT LR
s KX BE A — 2 B I AL R Re 7 AL SR AN
] B R AR T 5. X Zn-AA I ALBREWR IR 1 5 T
ZnSO, , Pt W ZnSO, X iy i ) il 94 5 9, i 18 40
XF ZnSO, Tif 57 1 55 55 » i & B — & 19 B A8 AL fig
M 8 X Zn-AA TR 32 4 D) 45 5
2.3 AE SR FEGWLFH M EFEKE

M 4 T LLE Y, I B KT 1Y AR A 5 g T
BERTE AL AR A AR AL, 3 BR S T S B AR 0
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., ZnSO, A Zn-AA 4 1 75 B ¥ 1E 60 mg/kg B
RFNEAE . 5 Zn-AA A BIE LR F 2, i e ZnSO,
AR MW J5 7% 5 iF — 2 0 A R B 8] — K
R L Zn-AA I 8 KER T ZnSO, 4. 53
LM AR —B0, 2 HAREKF 555 200 mg/kg
B 00038 B 7KOF BRI T s BB B W (E, Zn-AA 2
W% & T ZnSO, 41,

x4 AEAEBFEHNERKELZETHMmMEFEKTE
Table 4 Serum zinc concentration for different

zinc source and levels

Jei 5 0 I LA B 5 4k 2/ (mg /1)
538/ (mg/kg) ZnS0, 4 Zn-AA 4

0 0.1940.06 aA 0.1740.06 aA
20 0.3140.09 abA  0.26%0.04 aA
40 0.5040.19 bA 0.44+0.04 abA
60 0.7040. 14 cA 0.60+0.08 bA
80 0.4340.15 bA 0.3740.05 abA
100 0.3440.12 abA  0.28+0.03 aA
200 0.9340. 24 dA 0.9840. 44 cA

3o #

3.1 IRAZEBRENRERNE

DL R BE B F 9% K 22 2 i ik HOR I n 1) Oy =k
AT s B FRUREA I8 1010 0 3l 4 04 R B > M50 45 T 1A il
BERY SRR B AN 8 SE IR A R iR
i 5 2 I KA K T 1 [ B AS g S BURS HE . A SR
I Ao R R i R e A DL b [R) EL SEEEE R B
RS HERE ] DR A AR T I SRR

KTyl 3 HORBERY I8 BOES it H A e A W
1 ) b S B 07 FH B — M 2 25 LAl 1L 5 i HE R
AN TR B A 5% 4 FE B WO A [A] . NRC(2001) #E 72 1L
FEEN) TR 30~50 mg/kg(DM) , K& H 10
mg/kg (DM), 1 2 5| & & 500 ~1 000 mg/kg
(DNVD™ AR X AN 5] b B A0 2R 2 B B ) 75 2 o )
Gt Z WF5E . ARC(1980) Ay, fal e i B 7K P35 51 30
mg/kg(DM) i A i J& 11 26 % 8 19 75 2257, AFRC
(1997) A s 1l 2R AR KR B K S 22 A0 Ry 15 81 50 mg/kg
(DM, 24 Fa]h v £ 7 78 300 i B W i) FE 1 B 26
o AR Hh A K OF 97 42 75 21 80 mg/kg (DMD, Lamand
A58 2 B 76 IE 5 50 F 45 mg/kg (DM) (1) 1] #
BEAT LA JE 1L Y R L 20 2 I B e e A S

JCE B AERE AR KR AR KSRk F 75 mg/kg(DMD'
FRBFSE AR R R ZnSO, B R R A
FRES A F (Zn-AA) B HETE 50 R DLHGE .

AR X4 1L 2 ZnSO, Fl Zn-AA By E &
5T 0] LU 403 L 2 B 8 X B4 o 31 Ak 2R A 1f
T8 VR IR B KO 2 R [ 25 1Y, 4 i 3 6 B 35 T g
WE o A S 1L 2 R ) T R N DA 4 i T Sk S i 2
1258 . Wyl 2E /Nl A4 B i 6 ZnSO, 1978 1k %
BITE 40 mg/kg B35 B 55 K, I 5% % 7 AE 60 mg/
kg KI5 - N ZnSO, 1§ 4k 2% )5 1 % J& , ZnSO, 11
RAEA N 40 mg/kg (RM) 5 ALV B 1 7K F
% 15,60 mg/kg I I TE KV B 2R A IR
J5 i (B 2. ZnSO, 1 #fE 7F i 40 ~ 60 mg/kg
(RMD) , 1] AR 48 52 B 75 S 4T % . 0510 2% Zn-AA
149 /INJ T A 3 L 4 i 3 1 T A 6 R 3 B K O e 3
R A 25 M N X Zn-AA B A2 AE 80 mg/
kg B 5 8 T 4 B 38 0T Ak 2 R0 0T B K T 3 7
60 mg/kg B i5F) 5 40 mg/kg B Zn-AA 42
I AL R L T B K 5 80 me/ke 0 2.
GAFZIESTHMKEE  Zn-AA MHETELE N 40~
80 mg/kg(RM) , fie £ i 24 60 mg/kg (RM),
DA 25 R AR 8 7 AR AT R 56 v g L 2 R S
AT R 5, J A AT 5 AR (] A 38 B B 05 LD 2 B T
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