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Table 1. Composition and nutrient level
of the diet fed to the tested sheep ( %)
1 Diet composition
Corn 30. 56
1.1 CGM 5.62
1 25 34kg) Urea 0.38
, Bone meal 0.38
Salt 0.19
+ M +V Premix 0.38
’ Hay 62.50
1.2 Nutrient levels
cpP 11. 44
, (M) 450K/ kg WP , M E(MJ/ kg) 7.53
h sc 46.71
350mgN/ kgW’ ™, NSC an 41
1.4M 2.0M , Ca 0 48
S0g ; P 0.26
50g 80 %
300g 500 6009( FeSO: ® 7H.031200mg/ kg; Cu
) 81.505, SO ©5H01500mg/ kg; ZNSO: = 7H017500mg/ kg’
15%, 1%, 1%, MnSO: ® 5H.07800mg/ Kg; ( 1%KI)
0.5%, 1% 1 17000mg/ kg ; NaSeO:4 ® 3mg/ kg , CoClz ® 6H2 O
: 7:00 16:00 1030mg/ kg
Va 5400 V]
' ’ V031080 1U Ve180001U Vks5g Vei2g Vez15g
5 10 ’ Va120. 03g Ves35g 259 0. 59
0.2g
1.3
1.3.1
1.3.1.1 Cr20s , 4
, 7 6 ( 19) , 4g,
29
1.3.1.2 : Cr20s , )
6 50ml , 30ml , . 4
3 3 , 01:00 07:00 13:00 19:00;
03:00 09:00 15:00 21:00; 05:00 11:00 17:00 23:00 8
Cr.0s y 3 ’ 3
DM Cr20s RNA N NHs- N ,
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1.3.2
1.3.2.1
9 '
., 9 3 ), 10
: 10 :
: ( + )
, “ " (21.5%)
; 2
A ( Ly9: 21.5%Lys
B ( Met): 21.5%Met
(o} (Lys Met Thr His Arg Trp)
D ( Thr): 21.5%Thr
E ( Hig: 21.5%His
C (Lys Met Thr His Arg Trp)
F ( Arg): 21.5%Trg
G ( Trp): 21.5%Trp
G (Lys Met Thr His Arg Trp)
1.3.2.2 ,
700ml 4N pH
6.50; 4 , 37
(0.58ml/min 9 ), 20 , 10
1.4
1.4.1
2 (/7 o )
Table 2. Composition and infusion rate of amino acid mixtures into the
duodenum of sheep (g day.sheep)
Treatments Lys- HC Met Thr His Arg Trp Na- Gu TN
A( Ly9 2.24 1.21 1.01 1.42 1.25 0.26 5.41 1.71
B( Met) 4.35 0.80 1.01 1.42 1.25 0.26 0. 66 1.71
D( Thr) 4.35 1.21 0 1.42 1.25 0.26 2.01 1.71
E( His) 4.35 1.21 1.01 0.96 1.25 0.26 2.13 1.71
F( Arg) 4.35 1.21 1.01 1.42 0.30 0.26 5.19 1.71
G( Trp) 4.35 1.21 1.01 1.42 1.25 0.07 0.44 1.71
c( control) 4 35 121 101 1.42 1.25 026 Q 171
21.5% L -
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5 10 8:00 20:00 , 6
( 10%, 10% ), , 4ml H. SO (
pH 1.5 ) 5 , 4
2 4 , 3 .3
4 7 10 10ml (125 1V )
, 800 x g 15 , , 2ml 2ml 5%
, 10,000xg 20 , - 20
55 , ( 100y
5ml 4N H2SOs )
200ml ,
0.85% , 1 , 4 , ,
150ml, 150xg 10 , , 20,000 x g
20 , , 0.85% , 20,000 x g 20 ,
. ( ) , RNA
1.4.2
1.4.2.1 RNA ( ): Zinn Owens(1986)
1.4.2.2
6N 22 , , 0.02N HC
835 4,.0x150mm , 53 ,
) Ba(OH) » 15
, (HPLC) Ex 28nm,Em  345nm,
1.0ml/ min, 31 38kg/cn, 29
1.4.2.3 (PUN)
1.4.2.4 (UUN)
1.4.2.5 Cr20s ( ) : (1991)
1.5
1.5.1
Cr.0s C=Ge ™,
G Ko (
K ), :
Qr x0.96
Qr =
G
Qr Cr20s (4g) ;0.96  Cr20s
(Qu) : Cr203
Cr20s (C)



Qr x0.96
Qu =
C
(FDAA) (CAA)
(Qu)
FDAA = CAA X Qu
RNA
(MN) =RxQ= X x
RNA
1.5.2
( )
D(Q+ X)
=R
n
DQ + 2D X
i=1
D n DQ
— X%-2D X%X=DQ- —
R i=1 R
D — i (%9;Q — i CLE
D— (B; Q@ — (gd;
X — i gd; R — i
ix(i+1) , Basic Xi Xi >0,
( ) Xi ; X <0,
6 Xi
= i x 100 %
1.5.3 : SA S(1987) (ANOVA)
(GLM) : Duncan
2
2.1
3 (P>
0.05) ; Kp 5.01% 6.51%h , (P>

0. 05) (P>0.05, 3



22 11

Cecava (1990) Demjanec  (1995) Urbaniak Przybecki(1995))  Willms

(1991) 3 (P>
0.05) 3 , , Met Lys His Arg
, Met , Leu
(65%) , ,
Lys Met , Leu , Lys Met Leu Lys Met Arg His Trp
Thr ,
2.2
! v\ [13 Lys Met Thr Arg His Trp Gu- Na
) 4 4 ,
(P>0.05) (P=0.274 P=0.124)
(g/d gl kgW*™) N N (P<0.001) ,
(P=0.042) / , UUN/
UN (P=0.183) , B UUN/UN (71%) , D
(66%) E (63%) (g/ kgW’ ™)
4 : : B ) (e
,  46.67%; (> ), 28.66 % (A ),
23.50 %; (E ) , 15.00 % ,
(P=0.0003) , B )
, 53.17%, (F ), 42.84% A ),
37.04% : (g/ kg W)
' 46.67 %

28.66% 23.50% 17.33% 15.89  15.00 %( 1,

(CZ) (Cl C3) ’
, Storm  Orskov (1984)
Shelling  (1973) Nimrich  (1970) Richarson (1978)

2.3 (PUN)

(PUN) 5



3 (g/d)
Table 3. Nutrient flows at different sites of the digestive tract of the sheep before duodenal

amino acid inf usion

ADF B EG GGG X + SEM
Dry matterintake(DM I) 00713+ 35.76 0663+ 132.1000761 + 66.40 00712+ 39.94 NS
Nitrogenintake(N I) 013.8+0.43 13.2+1.58 014.4+0.79 013.8%+0.48 NS
DM flowintherumen 00646 + 73. 86 0613 + 146. 0900686 + 48. 93 00648+ 30.0 NS
Kp Rumina Kp( % h) 06.51+0.65 5.09+1.19 05.11+0.54 05.94+1.19 NS

DM flowintheduodenun®0502 + 46. 85 0487 + 62. 33 00498 +54.56 00496+ 7.53 NS
Total N flowinthe duodenum 017.0+2.18 17.6+2.60 016.3+1.52 017.0+0.61 NS

Microbial N flow 3.80 3.13 4.96 03.96+£0.93 NS
"Non- microbial nitrogenflow 13.22 14. 41 11.37 13.00+1.03 NS
Amino acidsflowinto theduodenum
Lys 04.26+0.33 04.58+0.48 04.15+0.40 04.33+0.22 NS
Met 00.88+0.01 00.81+0.14 00.69+0.03 00.79+£0.08 NS
Thr 04.22+0.24 03.10+0.61 03.87+0.33 03.93+0.21 NS
His 00.71+0.15 00.82+0.11 00.68+0.09 00.74+0.06 NS
Arg 03.29+0.45 03.39+0.47 02.87+0.31 03.18+0.23 NS
Leu 10.96+1.15 10.71+1.86 10.70+0.33 10.79+0.12 NS
lle 02.36+0.32 02.45+0.48 02.44+0.16 02.42+0.04 NS
Va 07.83+0.77 07.70+1.75 07.47+0.38 07.67+0.15 NS
Phe 03.71+0.49 03.67+0.75 03.82+0.21 03.73+0.06 NS
Trp 00.65+0.06 00.59+0.08 00.61+0.06 00.62+0.02 NS
EAA 38.87+3.81 39.30+6.54 37.30+1.73 38.49+0.86 NS
N EAA 44.76+£3.77 46.68+7.53 43.24+4.03 44.90x1.41 NS
TAA 83.64+7.58 85.98+14.04 80.54+5.25 83.39+2.23 NS
* = + NS P>0.05
5 , 4
50
PUN (P = 5 B
0.042) , 7 10 PUN § 40
(P>0.05) 7, £ Zj
(ABDEF PUN 3. e
(G,C,G) PUN , g 0 \.\‘\.\”‘f_ LT
(G ), 10 PUN e T
(G) J =5 HUIAP S EM it amion ack
oM!( Thr Lys A‘l‘l Trp His
(PUN)
1.
' (%)
PUN ,

Fig.1 Amino acid limitation in the sheep fed
, corn based diet ( %)
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4
Table4. Effects of duodenal amino acid infusion on nitrogen balance and body weight gain of the sheep
A B G D E C F G G SEM P

N Nitrgenintake(@d 13.14 11.59 15.37 12.02 12.63 15.01 12.83 13.45 15.56 3.33 0.825
N Feca N (9 3.09 3.3 405 294 346 552 270 3.65 4.12 1.94 0.798
N Urine N (@d 4.13° 4.27° 3.93° 4.89° 4.5° 5.25 3.64° 3.40 3.99° 0.95 0.274
N Urine N(@@kgW™ 0.3¢ 0.35° 0.32 0.37%° 0.40° 0.43 0.3 0.30 0.35° 0.06 0.124
N Digested N@d 10.05 8.24 11.3F' 9.06 9.17 10.64 10.13 9.80 11.43 1.85 0.475
N Retained N(gd  5.92° 3.9¢ 7.3¢ 4.19 4.66° 5.39° 6.49° 6.40° 7.45 1.16 0.009
N Retained N(mgd 45¢9° 3200 600 308  367° 432 494° 503 598 60 0.0001
- 23.50 - 46.67 - -28.66 -15.00 - - 17.33 - 15.89 -
Retained N decline(%
/ RN/DN (% 59.67° 46.27 65.16 45.29 50.73° 54.07 65.16 64.87 65.14 5.80 0.0003
1.99° 3.09° 2.28™ 3.26 2.87° 2.85° 1.87° 1.34 1.90° 0.70 0.042
Urine urea nitrogen(gd
I UUNUN(% 50° 7T 52° 66" 63 54,3° 53" 4@ 48"  12.360.183

/N 15 22 16 28 24 19 15 10 12
UUNNI(%
Body weight gaingd 60.5°  45°  96.1 37.4 54.1° 59.2° 66.7 70.5 116.7 14.65 0.003
-37.04 -53.17 -  -36.8 -861 - -42.84 -39.59 -

Bodyweight gain decline(%

) , PUN
, PUN ,PUN
2.4
6
6 , Lys Lys G (P> 0.05) ,
Met Met (P>0.05) , Thr
Thr G (P>0.05) His His , Arg
Arg (P<0.05 ,Lys Pro (P>0.05) Lys Thr His
(C,C,G) (Qy/ OAA) (P> 0.05 Egan
(1972) : Ay/ OAA FAA
FAA
( 20%) ,
( 20 %) , FAA

2.5
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5 (PUN) (mg/ 100ml)
Table 5. Effects of duodenal amino acid infusion on plasma urea nitrogen of the sheep
After infuson
Treatments Beforeinfuson 4  4day 7 7 day 10 day Average
A( Ly9 Lys deletion 14.43 17.36 14. 68 16. 32 16.12+1. 34
B( Met) Met deletion 10. 60 14.9G° 12.35° 13.37 13.54+1.28°
D( Thr) Thr deletion - 13. 24" 14. 0F° 19.74 15.66 + 2. 90
E( His) Hisdeetion - 7.47 12.14° 13.51° 11.04%2.58
F( Arg) Arg deletion - 12. 99" 12.22° 15.45° 13.55+1.38°
G(  Trp) Trp deletion - 10. 47° 11.16° 14. 24° 11.96+1.64°
G( ) Control G 12.36 17.42 11.37° 10.21 13.00+3.03
G( )Control G - 8. 66" 9.95 11. 40 10.00+1.12
G( ) Control G - 11. 64 11. 82" 13. 31" 12.25+0.78°
P 0. 456 0.042 0.589 0. 062 0. 056
SEM 3.61 3.37 2.23 4.31 2.31
6 (u mol/ 100ml)
Table 6. Effects of duodenal amino acid inf usion on plasma f ree amino acid concentration of the sheep
FAA Lys Met G Thr His G Arg Trp G
Lys 015.72 025.42 016.16  008.80 009.53  009.76 025.61 024.67  019.23
Met 007.57 006.98 007.12  004.98 004.29 004.51 009.66 011.00  008.43
Thr 043.07 035.54 033.24  037.12 027.95 035.18 038.13 029.74  032.47
His 009.63 006.70 006.19  003.82 003.66 004.76 007.33 005.97  007.01
Arg 014.50 015.47 011.89  011.60 010.90 014.69 011.93 013.74  013.32
Leu 009.72 010.71 011.5 012.71 012.06 015.01 012.99 012.90 011.95
lle 007.42 007.44 006.97  009.31 088.89 008.49 009.36 008.13  008.82
val 019.17 019.40 023.11  019.54 019.23 021.83 020.04 024.49  021.73
Phe 005.56 005.25 005.06  005.9  005.92 006.14 005.59 005.62  004.91
EAA 132.36 132.91 121.35  113.77 102.41 120.36 140.64 135.26  127.88
NEAA  155.64 096.83 101.11  177.43 159.81 167.37 083.18 072.26  098.08
Gy/OAA 037.92 033.23 030.15  047.24 047.54 046.56 025.70 022.17  020.98
7 7 ,
, RN/ DN , 1 4
UN RN RN/DN UUN , , 5 10
(1995) ,
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5 10
3
(Kp)
5.09% 6.15%/ h, 3.13 4.96¢g/ d,
17.79% 30.43 %, Met Lys
His Arg , Leu
“ ? : Lys Met Thr Arg His Trp
(P>0.05) , (P>0.05); /
(P<0.001) ; (UUN) (P>0.05)
, 21.5% (g/ kg ® W*™) 46.67 %,
28.66% 23.50% 17.33%
15.89% 15. 00 %; 53.17% 36.82% 37.04% 42.84% 39.59 %
8.61% : 6
(PUN) (P<0.05)
4 7 PUN
(FAA) FAA : Lys Thr  His
FAA (Gly/ OAA)
, 1 4
5
Table 7. Changes of nitrogen balance with time duodenally inf usion of amino acids in sheep
N Infused amino acid time(d)
Treatments Nitoogen balance Beforeinfuson 2 3 4 5 6 7 8 9 10
N1(g/d) 16. 26 17.97  17.97  17.97  17.97  17.97
UN (g/ d) 04.01 05.46  05.65 05.01  05.30  05.48
Al Lys) RN (g/ W)  00.30 00.43  00.35 00.41  00.45  00.42
Lys deletion RN/DN (%)  45.01 54.86  48.74  55.57  56.51  56.81
N1(g/d) 12.84 16.17  15.87  17.97  17.03  15.62
UN (g/ d) 03.79 04.07 04.84 05.03 04.95 04.13
B( Met) RN (g/W'™)  00.36 00.39  00.31  00.44  00.39  00.38
Met deletion) RN/DN (%) _ 57.29 57.61  47.36  55.22  54.52 _ 53.16
N1(g/d) 15. 36 17.37  17.37  17.67  16.47  17.37
UN (g/ d) 04. 62 03.84  03.58  04.43  04.03 03.04
ct ) RN (g/W™)  00.53 00.64  00.58  00.56  00.58  00.64
Control

RN/DN ( %) 61.12 69. 63 69. 17 63. 42 63. 38 74.23
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A STUDY ONLIMITING AMINO ACIDS FOR
GROWING SHEEP FED A CORN BASED DIET

WANG Hong- rong, L UDe- xun
(Inner Mongolian Academy of Animal Science, Huhhot 010030 , China)

ABSTRACT

Nine growing crossbred wethers fitted with permanent cannula in the rumen and T -
type cannula at the proximal duodenum and terminal ileum in a random block desi gn were
fed a diet containing CGM as main nitrogen source to test nutrient flows at different sites of
the digestive tract of sheep and amino acid flow to the duodenum of the sheep. Duodenally
infused amino acid amount was based the amino acids flowsin the small intestine of sheep
according to an incremental model. Amino acid mixtrues were infused into the duodenum by
removal of each amino acid in turn from the AA mixtures of corresponding control group
(A :removal of Lys;B:removal of Met;Ci:control 1;D :removal of Thr; E:removal of His;
C::control 2;F:removal of Arg;G:removal of Trp;Cs:control 3). The resultsof experiment
showed that ruminal digesta passage rate(Kp) of sheep fed a corn based diet was 5. 09 %/ h
to 6.15%/ h; proportion of microbial N in total digesta nitrogen at the proximal duodenum
was accounted for 17.79% 30. 43 %. Flows of Met ,Lys,His and Arg in the small intestine
of sheep were lower , and that of Leu was higher than that of other amino acids. Compared
with control groups,retained N (g/ kg W*™) for removal of Met ,Thr Lys,Arg,Trp and His
treatments was decreased by 46.67 %, 28. 66 %, 23. 50 %, 17. 33 %, 15. 89 % and 15. 00 % re-
spectively ; Bodyweight gain were dropped by 53. 17 %,36. 82 % ,37. 04 % ,42. 84 %,39. 59 %
and 8.61% when Met, Thr, Lys, Arg, Trp and His were removed in turn from the EAA
mixture. Plasma urea nitrogen(PUN) concentration of sheep was increased when amino
acids were infused into the duodenum (P <0.05) . Free amino acid (FAA) concentration in
plasma of sheep was declined corresponding removal of AA from control group. Gy/ OAA
values for removal AA group were higher than that of control group (P <0.05) . Therefore,
the order of Met, Thr, Lys, Arg, Trp and His were identified as the first , second, third,
fourth, fifth and sixth limiting amino acid in growing sheep. And extant of AA limitation
were 46. 67 %,28. 66 %,23. 50 %,17. 33 %,15. 89 % and 15. 00 % ,respectively.

Key words: limiting amino acids ; growing sheep ; corn ; diet



