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W OE. 4TI N - & ¥ B & 82 ( N-carbamylglutamate, NCG) x4 3R & 3% & K 4t . B 5k
MR ENER R HERARES TN Yoh, R A THYKREA(12.6+1.7) kg ¥R HH
10 %, Fbuyh 2 B, HUESANEL , HEMAETE L LB, L EAK, 5 A AR LR S H e
0.1% NCG # X544, XA 10 d, HFHILRRE 2, 5 A £ RKB T4 F 4 R oFARBGX M
THEARE RIS 8 ~ 10 FOKIE £, AR IS T A (TIO, ) x| & % Mg It Ji 69 F VL AL &
KEFI0 RRE LM, ME b P AEALEFFRARSE, EREAN, 5ABAREMIL,
0.1% ) NCG AmmA-FH A ERZEITFH(P<0.05) , #HEFHEZEBHIK(P<0.05) ;4% 8 .
ALJE Wy o T A ILIE R H I H(P>0.05) ;XA FR A KELBEGLSEHE
FHEAL(P <0.05) , M AR BE E M 2 27t 5 (P <0.05) ;i B RABR L F AR 5 F kA
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Hrla i N — Z, Bt 4 & 8 ( N-acetylglutanate , NAG )
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BRI A A B a3 r it g 2d B R R R
Wi , & 75 NCG 753 LA A 7 o 1 o TR 1 —
SE BB

1 #MR57A%
1.1 R zh¥ Rk e ig it

BEFIPR LA 10 Sk, 35 AR F AR 24 F L]
R B EEL 2 A, R4 5 A EHE, A E
1 K0, SR . AR S I NRC(1998) &
Feh A R4 A Bl R 0 Rk S R )
Bl AR o Rt AR A R B B IR K L 1o xR
2 ) R it ) R, 3 90 201 ) W A S Al ) KR R 945 o
0.1% NCG( % H 50% ) (11X 56 17l M, H 16 T A 17
HAES N 0. 1% 1) TiO, VE 487570, 1:2 T oK i il
SRR IR R W o A R B IR 3 U, AR B FROK .
O 10 d,

&1 ERFARAMREEFKT (KT EM)

Table 1 Composition and nutrient levels of

the basal diet ( air-dry basis) %
1ji H Ttems 2 & Content
JE ) Ingredients
%k Corn 47.00
/NFE %k Wheat bran 22.00
KK Rice 15.00
%.f Soybean meal 10. 00
i 0 £a8 Import fish meal 2.00
gk Premix" 4.00
41t Total 100. 00
#F 7K Nutrient levels”
HHE TE/(MJ/kg) 18. 24
HLE H 5t CP 14.73
4E Ca 0.90
B TP 0.65

V1R B T e AR R #2 f4E Premix provided the fol-
lowing per kg of the diet;: VA 7. 5 mg, VD 8. 8 mg, VE
0.02 mg, VK, 71 mg,VB, 30 mg, VB, 177 mg, VB, 32 mg,
VB,, 0.8 mg, f{{#2 nicotinic acid 1 073 mg,D —JZ i D-pan-
tothenic acid 540 mg, ' fig folic acid 22 mg, 4= ¥ % biotin
3.0 mg, JIHf choline 8.0 g,Fe (FeSO, - 7TH,0) 2.0 g,Cu
(CuSO, - 5H,0) 1.0 g,Zn (ZnSO, + TH,0) 3.5 g, Mn
(MnSO, - 5H,0) 1.3 g,I14 mg,Co 35 mg,Se 8.3 mg,Ca
200 mg,P 20 mg,

2 B Sk SEH R SZE . Nutrient levels were measured

values.

1.2 ARKMERENE

I T 46 I 32 Sk B B A 19 25 AR o5 il
W)l B LR R H R E & IR A S,
BB ) S AR, TP H R P
BIHREEMBIELL,
1.3 EFMRIWEUERNE

IERHE 8 ~ 10 KAEK 08:00 F1 1500 Y43
FE, =20 CURAE . W8 FRE 5 Sk a8 09 2 0 i O
JEIRG Y5, DUR & MR B 19 10 % BURE , SR )5 1%
HURE R B 174 N A 10% 78 £ BR 5 &), 65 C 4t
T EE T B 24 b, BRE GE SR OB R, 0K T
FESAS P2 . TiO, $5 78 771 U 4 i L KL
BB 1SRG 7 o 2 AR
1.4 MEELXSHENE

UE 2R 10 KA Sk a4 i s i JkCR 1 10 mL,
HFZE PrLEE, 3 000 r/min 5.0 15 min, 43 B Il 3%,
-20 CWH ff. JH CXa B 4 A 3 4 1k 4 #r X
(Beckman) il E Hrp G B HE H KRR A M
R ANEENRES R IEE A H Il =8 IE R
TR 260 0 0 e B P A R B A TS AT .
J5 i FRC ) & (b st A1) 2 0 =] 2 it ) 13 B
HAT
1.5 mEHESEEBRSENE

I 5E 10 JORE 4 B 1Y I SEAE i T 4 C i
R BEFAFERMAT.5% 1) =8 LR 2.5 mL,j&
G T 4 CF 15 000 r/min B.0> 15 min, B &
W, I L - 8800 %4 [ gl & SR 43 X ( H S22
A ) W H Tl R R R 1) B, SR 4 R R
H il S R Y A i
1.6 HIFEAEBEESH

Bl D31 + drifE 22 375, SPSS 16. 0 Fiff:
HATGE AT ST kR, P <0.05 fE 2R B
PEF W AR

2 7 R
2.1 NCG XINIEREE KRR

B 2% 2 AT 0L, X 50 FF B B, NCG 41 i 35 il ) i
HIRLA 0] 4 7 X M B A0 3 A i 10 d s
0.1% ) NCG Xf -3 H R 5 o i F W (P >
0.05) fH V-3 H 3 & & 2 & TR R 4L (P <
0.05) ,BHH Hb B AR FIE R AL (P <0.05) .
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Table 2 Effects of NCG on growth performance in Huanjiang mini-pigs (n=>5)

Wi H Items FLht A M 20 Basal diet group NCG 4 NCG group
#] & Initial body weight/kg 12.61 £1.92 12.66 £1.66
KT Final body weight/kg 18.03 £2.70 19.50 £1.81
-4 H H#48 Average daily gain/g 552.80 +47.40 683.90 £66.90 "
SEM H R Average daily feed intake/kg 3.62 +£0.32 3.66 +£0.29
%} Lt Feed/gain 6.99 £0.70 5.37+0.37"

FIFT R R AR ™ R 2553+ 3% (P <0.05) o R,

Values in the same row with “ mean significant difference (P <0.05). The same as below.

2.2 NCGCMIMIBREFRYWRRWHNLER  NCG M 7 IULAE R XHLE B B AL T
A1) JRII R MR (P >0.05)
H1 2 3 A WL, 7 Al 4R PSS i 0. 1% 11

®3 NCGHRNIFEHEEFYRRIWBE U RN

Table 3  Effects of NCG on apparent digestibility of nutrients in Huanjiang mini-pigs (n=5) %
i H Items FERE A AR ZH Basal diet group NCG 4 NCG group
MWE A CP 79.41 £3.97 81.86 =£2.20
AR EE 67.08 £1.39 69.59 £3.19
T4 5t DM 80.53 £1.89 82.04 =£1.06
2.3 NCG XINIERMEENSHBIZM Bl P B T B O 985 1 (P <005 ) s 8000 T i 2 B B

Hi 4 ol DL, 5 AE AR ALAT 1L, 0. 1% /) BYEE(P >0.05) AR 1 M 3% I [ B R H-ah = s
NCG BEFEMR T AHFE MR XA MEAM  MERE(P>0.05),
R R E A& (P <0.05) , RETHE T I3

F4 NCGMIFIFEHMEELSHBIZM

Table 4 Effects of NCG on plasma biochemical parameters in Huanjiang mini-pigs (n=5)

I H Items FLR iR ME 4 Basal diet group NCG 4] NCG group
MZE TP/ (g/L) 59.04 +4. 88 62.78 £2.54
E1# 1 ALB/(g/L) 33.83 £0.73 33.94 £1.06
R ZE A UN/(mmol/L) 2.88 £0.47 2.39+0.38"
1%, AMM/ ( pmol/L) 87.98 £0.73 85.20 £1.07"
K% g & 1 LDL/ (mmol/L) 0.75+0.12 0.60 £0.14"
5 EE 875 11 HDL/ ( mmol/L) 1.23 +0.19 1.17 +0. 16
JH[#E % CHOL/( mmol/L) 2.38 £0.37 2.13+£0.28
Hih =M TG/(mmol/L) 0.70 £0.26 0.60 £0.12
%% GLU/(mmol/L) 6.30 £0.17 6.38 £0.19
FRMERE RS ALP/(U/L) 237.40 +34.20 282.80 +39.40

2.4 NCGHINIBFHEMRFESIERSEN  0.05); M KIr A A ERAMKF,0. 1% 1Y
) NCG 3 1 M 3% (Y 6 B R 7 R L TR

H1% 5 0l WL, NCG I {LHFBMIK HRNE  FIFEBREAFERN &8 (P <0.05)  HALEIER
PRI 24 R 14 & 1 I 35 o TR AR AR AL (P < e 2 AR E#F2E55(P>0.05),
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Table 5 Effects of NCG on plasma concentrations of free amino acids in Huanjiang mini-pigs (n=5) nmol/uL

I H Items

FLAM iR AL 4 Basal diet group

NCG 4 NCG group

57 A R

Aromatic series

S

Branched chain

HHE
Straight chain

mett
Acidity

Bl P

Alkalescence

2 %L Hydroxy
#i ik Sulfhydryl

AR Phe
& 2R Tyr
SR Leu
5ot AR Qe
MR Val
WA Ala
HZE® Gly

KA Asp
B AR Glu

F IR Cys
R His
TR Lys
AR Arg
INAR Thr
HER Met

Y SLR BCAA
P RAEILIR AAA

SRR SR 05 B WA IR BCAA/AAA (IR LL)
SR TAA

W EILRR EAA

JE T EFEFR NEAA

Wil B/ AE L T AL EAA/NEAA

87.03 £9.33 113.83 £7.41"
142.00 +20.90 155.80 £9.40
228.00 +£26. 70 238.00 £22.70
116.20 +6. 30 144. 30 +24. 20
280.00 +25.30 303.30 £39.70
653.30 £124. 50 703.30 £47.00

1435.30 £166. 60 561.00 +£94. 60

60.08 £10.57 52.33 £6.60
665.70 £98. 10 738.00 £83.40

48.48 £5.45 50.64 £9.19
153.70 £19.50 139.80 £17.30
228.60 +24.70 209.20 +£19.30
179.60 +34.70 202.70 £49.70
155.10 +£22.40 164.00 £6. 50

36.56 £5.96 55.41 £10.36"
629.20 +45.60 685.50 £52.20
229.00 £23.49 269.60 +13.10°

2.76 £0.24 2.54 +0.08
4 484.50 £290. 10 4.811.30 £104.80"
1 142.60 £58.70 1228.00 £52.50"
3 341.90 £222.60 3 583.30 +£80. 06
0.34 +0.03 0.34 +£0.02

3 3 i

T NCG X sl 28 7= Pk e 1 5 i, [ AR E
A — S f3E I, FEAT G R R N 0. 04% B
0.08% [ NCG A5 R £ i, (H Al 1 25 42 & - 1
H3f e, AR E L, If 78— R L3R = W 3 AT
0t 1 BRI 458 R RO AL R dR
0.08% () NCG ]2t Wt 0 414 1Ay A 4G o 5, A1
BRYE R AR IELE R, AR RN 0. 1%
ft) NCG ffME 10 d J5 , SR VL ARG T2 A B %
P RHE L W 2 RS ML & B BT AR W AT
JOT I 26 WL VF Ak 28 0 A 48 e e, H A AT AR 2
NCG ] {2 HEALAR P P40 R 14 & AR, WA THT il 3
T MU N R 1 T

ol Tl o il T 340 AL A X 4 o A TR A
iz, PR DR A R IR HE IR N R B AR,
HE Pk AR S S R KPR R IE AR L AT
FEEI,0.1% [¥) NCG W] I 25§ 5 VL& I 2K
T T I 4 9 X H R A K R Y R
— 3, (KRB ENGE AR — AN — 1 s A A

e 1 BORL, I AT 4E 3 A A Ak
TRMEARAN 0. 1% ) NCG il K 5 , PR V175 4 1 22 A%
R IR A 7 RO, I R =R Y
UL A R A A, DT o8 1 9 K At 21 23+ (1 JIH
[ Pt B i D R A i 1Y) 2 R R AE A P R A 2 3
VR 238 I il v PR 22 A 00 &% i, 76 2 A R 11 R
e REA AT LUEE HE S ST R (HiR
MR & R BT R, R P 2 R AT HE R, 41
U SR, W 1 B B B ) B B A
MEF R EZAGAREFHEL, SBURKEA S
BT AR R, RN 0. 1% ) NCG
TR G, RS 0 I 2 FN PR R A & & B & FEAIR,
MEASEAII. O ERS ER A R T
FE NAG 22 H B e & Bl — 1( CPS-I) ) 48
FAPBTE 700 X G P I A TR 1) 2 AL A T
YE . NCG 1l NAG (259 , 3 i #43% CPS-I
A A N 2 4R 2 ) R 2R e 1k .

TE 21 H i W % 47 5% 1 AR He s in 0. 09% 1y
NCG, I 3 A% A M e 4R 1 36% 5 B i 7K T
) NCG 2 S EUTHE 1 = A 28 I I, H 38 22 R vk
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N-Carbamylglutamate Affects Growth Performance, Nutrient Digestibility and
Plasma Concentrations of Free Amino Acids in Huanjiang Mini-Pigs

ZHOU Xiaoli'* YIN Yulong'? KONG Xiangfeng'”* TANG Wenjie' HE Qinghua'

(1. Key Laboratory for Agro-Ecological Processes in Subtropical Region/Hunan Engineering and Research Center of
Animal and Poultry Science, Institute of Subtropical Agriculture, the Chinese Academy of Sciences, Changsha
410125, China; 2. State Key Laboratory of Food Science and Technology, College of Life Science and
Food Engineering, Nanchang University, Nanchang 330047, China; 3. Huanjiang Observation and
Research Station for Karst Ecosystems, the Chinese Academy of Sciences, Huanjiang 547100, China)

Abstract: This study was conducted to determine effects of N-carbamylglutamate (NCG) on growth perform-
ance, nutrient digestibility and plasma free amino acid concentrations in growing pigs. Ten Huanjiang mini-
pigs with an average body weight (BW) of (12.6 +1.7) kg were used and randomly assigned into two
groups ( five replicates with one pig per replicate) , representing supplementation with 0 or 0. 1% NCG in a
basal diet for 10 days. Daily feed intake, initial and final BW were recorded, respectively; fecal samples were
collected from day 8 to 10 for determining the digestibility of routine nutrients by TiO, indicator; blood samples
were collected on day 10 for analyzing biochemical parameters and concentrations of free amino acids (AA) ,
respectively. Results showed that compared with the basal diet group, 0. 1% NCG supplementation significant-
ly increased the average daily gain (P <0.05), and decreased the ratio of gain to feed (P <0.05). The ap-
parent digestibility of crude protein, crude fat and dry matter were increased ( P > 0. 05). Plasma alkaline
phosphatase activity was significantly increased ( P <0.05) , while the plasma concentrations of urea nitrogen,
ammonia and low-density lipoprotein were significantly decreased (P <0.05). The plasma concentrations of
total amino acid, essential amino acid, aromatic amino acid, phenylalanine and methionine of pigs fed the diet
supplemented with 0. 1% NCG were higher than those of pigs fed the basal diet (P <0.05). These findings
suggest that 0. 1% NCG supplementation can promote the digestibility of nutrients, improve AA balance, and
then increase the growth performance, which may provide some scientific information for the application of
NCG in diets of Huanjiang mini-pigs. [ Chinese Journal of Animal Nutrition, 2011, 23(11) :1970-1975 ]

Key words: N-carbamylglutamate; Huanjiang mini-pigs; growth performance; digestibility; amino acids
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