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1,2 2 * 3
@ , , 200062) (2 . , 150040)
(3 , , 623006)
(2x2) , 2 5 (5 )
(P<0.09) , (P<o0.01), (
0.7830 0.7618 0.5504 0.6723);
(P<0.05) , (P<0.01), ( 0.556 9 0.604 7
0.5052 0.7411) , 2 (P<0.05)
1 4 , ,1 5 ,
2 @ =0.05 ( 15 ,0 =0.01)
, , 1 , , 1 (CRPxG®2 CP20.61% x
GE 19. 53 MJ/ kg)
: Q958.14 DA : 1000 - 1050 (2005) - 01- 0063- 10

Bfects o the Protein Leve and Energy Concentration of Concentrated Diets

on the Diets Digedtibility of Sub-adult Giant Pandas

YANG Chunhua' ?  Z0U Xinghuai?”~  ZHANG Quiquan®

(1 Ingtitute o Life Sdence, East China Normal University, Shanghai , 200062)

(2 The college & Wildlife Resources of Northeast Forestry University, Harbin, 150040)

(3 The Consarvation and Research Center for the Gant Panda, Wolong Nature Reserve, Wenchuan, 623006)

Absgract : The dgnificance of the dfects of the protein level (Crude protein, CP) and energy concentration ( Goss energy ,
GE) o concentrated dietson the diets digedtihility for two sub-adult giant pandas were sudied by grouping acoording to two inter

secting factors (2CPx2GE). The resuts indicated that the CP levd of concentrated diets produced sgnificant dfect on the d

gedihility of CP, hemi-celluose and GE of the dieds ( P <0.05) , and extremdly sgnificant efect on that of crude fa (P <

0.0) (the corrdation codficients were 0. 7830, 0.7618 , 0.5504, 0.6723, regectivdy). The GE concertration produced
dgnificant efect on the digedihility of nitrogen free éfuson (NFE) , neutrd detergent fibe (NDF) and GE o the diets (P <

0.05) , and extremdly sgnificant efect on that of crudefat (P <0.01) (the corrdation codficients were 0.5569, 0.6047,
0.5052, 0.7411, regectively). The interacting effect of the two studied factorswas dgrificant on the digedibility of NFE, NDF
and GE (P<0.05). For the digedihilities of crude fa, hemrcdlulose for Trid 1 - 4 and crude fat, hem-celulose, NDF,
celluose and GEfor Trid 1- 5, the linear regresson of digedtihility and the two assessed factorswas sgnificant (@ =0.05) (a

nmong them, for crudefat of Trid 1- 4 and crude fa and hemircdlulose of Trid 1- 5, the regresson was extremely sgnificant
(@ =0.01). By conmparing every kind of digedihility of the diets (usng L SR method) between different trids, the obvious corr

cluson coud be drawn that Formua 1 (CP2x GE2, ie CP 20.61 % x GE 19. 53 MJ/ kg) was the optimum formula, because
dl digedibilitiesof Trid 1, except for that of lignin, were the highes anong the five trids

Key words: Goncentrated diet; Potein leve ; Energy concentration; Subbadult gant panda; Digedihility

97 “ "
(2972-) , )
1 2003- 12- 01; 1 2004- 02- 04
* , corregpondence author
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(Ailuropoda mel andleuca) 1990) (CP)
1 1 ( (@ 2 L 2 L
) 4 (2x2) ( 1, 2
1.3
: ( ( , 1996) ,
) 2 (Hlen et al. , 1995;
2 , 2002; , 1997;
? , 1995; , 1991) ,
: o, 2 2
) 4 ( 1: CP2, GE2; 2:
CPL, GE2; 3. CP1, GH,; 4. CP2,
G ( 3) .
1
1.1 ( , 1991 ; , 1990)
1.4
) 2 , 12
d ( 4d, 8d) 5 ( 4
: 1) (
1.2 , 1990)
( : : 2 3d
1 (2x2)
Table 1 Trid dedgn (2x2)
Energy concentretion (GE) 1 Potein levd_(CP) 5
a Treament a ( 3 Diet 3) b Treament b ( 4 Diet 4)
¢ Treatment ( 2 Diet 2) d Treatment d ( 1 Diet 1)
2
Table 2 Factors and Levels
Factor
Level (%) (MJ/ kg)
the CP levels of concertrated diets ( %) the GE concentration of concentrated diets (MJ/ kg)
1 18. 88 18.08
2 20.61 19.53
* ) , . 1985.
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Table 3 The formua and nutritiond levels of four trids and one traditiona concertrated diets (on DM Base)
Qoncentrated diet
Raw meterid s 1 2 3 4 5 ( )
Traditiondl
Sybean 33.04 29.12 34.98 3192 30.08
Qrn 33.07 37.97 4.12 4.68 29.17
Rice 3.00 5.00 38.00 45.00 23.83
Sugar 3.00 2.00 9.00 10. 00 5.18
Bamboo powder 8.00 15.00 10. 00 0.00 4.79
Ep 0.00 0.00 0.00 4.50 2.29
Milk powder 6.00 7.00 0.00 0.00 0.00
CaC0s 0.89 0.91 0.90 0.9 1.03
CaH,PO, 2.50 2.50 2.50 2.50 3.1
Nad 0.50 0.50 0.50 0.50 0.52
Tota 100. 00 100. 00 100. 00 100. 00 100. 00
(cP (%) 20. 69 18.87 18.88 20.52 19. 49
(GB (M kg 19.58 19.50 18.03 18.12 17.74
The nutritiona level val ues were obtained by actudly measuring
) 2
1.5 (
, 65 70
( 12h, 6h, 24 1), ) 4
' , 2.2
2.2.1 4
8d (cP) (GB)
, 40 , K , , 2
200 g
1.6 5
Van Sed ( ) 2.2.2
(Van & al. , 1963, 1967; 2.2.2.1
, 1979, , 1993) 1 4 ( n=28) 1
1.7 5 ( n =10) 2
Excel ( ( )
, 1985) ( ) 3 )
6
2
2.1
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4 5 (%)
Table 4 The DM digedihility , nutritionad conponents digedtibility and gross energy of the five dietsfor the gant pandas attending the trid's

Trid
Name o Gant Pandas 1 2 3 4 5

45. 10 39.20 39.05 36. 54 33.12

Dry metter 52.80 39.69 41.09 39.30 37.76
X*s 48.95+5.44 39.45+0.35 40.07+1.44 37.92+1.95 35.44+3.28

47.00 43.98 38.20 47.78 35.13

Crude protein 54.93 45. 95 42.87 50. 84 46. 48
X%s 50.97 +5. 61 44.97+1.39 40.54+3.30 49.31+2.16 40.81 +8.03

16. 60 13.55 3.5 10.58 3.70

Crude fat 21.74 12.24 4.39 13.89 7.62
Xts 19.17+3.63 12.90+0.93 3.97+0.59 12.24+2.34 5.66+2.77

71.38 69. 63 71.05 60. 30 63. 48

NFE 77.12 65. 89 68.16 56. 75 65.53
X%s 74.25+4.06 67.76+2.64 69.61+2.04 58.53+2.51 64.51+1.45

32.60 25.23 25.18 22.16 20.10

NDF 37.16 25.50 27.19 23.96 22.23
X%s 34.88+3.22 25.37+0.19 26.19+1.42 23.06+1.27 21.17+1.51

44.00 31.63 30.63 35.32 27.77

Hemi-celluose 51.20 33.38 35.04 37.77 30.02
Xz*s 47.60+5.09 32.51+1.24 32.84+3.12 36.55+1.73 28.90+1.59

25.19 21.94 21.97 20. 69 18.92

Cdlulose 26.01 19.17 17.24 26.77 17.48
X%s 25.60+0.58 20.56+1.96 19.61+3.34 23.73+4.30 18.20+1.02

4.00 3.76 5.81 2.18 4.18

Lignin 2.43 4.40 4.43 4.06 2.90
X%s 322+111 4.08+0.45 5.12+0.97 3.12+1.33 3.54+0.91

47.35 40.17 42.51 39.58 35.32

Qoss energy 50.21 40.25 40. 85 41.05 39.30
Xz*s 48.78+£2.02 40.21+0.06 41.68+1.17 40.32+1.04 37.31+2.81

X ;s (s= F 1; (xi- X3

“ X" dands for the average digedibility of the two gant pandas; “ s” gands for the sandard deviaiion of the two pandas’ digedibilities (s =

F-% 99
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Tade5 The dfectsof protein levd (CP) and energy concentration (GE) of the concentrated diets on the diets digedihility for sub-adult gant pandas
GE cP (%) GE

(MJ/ kg) 18.88 20. 61 Xee Fector P F dg.

18.08 40.07+1.4 F.R+1LPB .00+ 1.8 GE 0064 6079 —

Dry metter 19.53 045+0.35 48.95+5.45 M0+633° cP 0.15%5 3034 —
cP Xep 0762098  RB4x7.19M GExXCP 00808 7.6197 —

18.08 4054330 49.31+2.16 4.9 +5.56° GE 0282 15128 —

Qruce protein 19.53 497139 50.97 +5.61 47.97 +4.81° cP 0.0406 89158 *
P Xep  27B+320"  5014+360" GExCP 0609 0345 —

18.0 83.97+0.59 R2A+234 810+4.97 GE 00073 25280 **

Qude fat 19.53 290+098 19.17+3.63 16.03+4 2° cP 0.0100 21248  * *
cP Xcp 843+519M 15704 72" GExCP 054 0380 —

18.08 69.61 +2 04 58.53+251 64.07 + 6.66" GE 0.0281 113510 *

NFE 19.53 67. 76 +2.64 74.25+4.06 7101 +4.68° P 0’ 12413 —
cP Xcp  6868x220"  66.39+9.49" GExXCP 00130 1818% *

18.08 6.19+14 B.06+127 2%.2x211" GE 0.0143  17.197 *

NDF 19.53 25.37+0.19 34.88+32 N 12+58° cP 0.07% 5828 —
cP Xep  57820%"  2897+7.1M GEXCP 00089 227064 * *

18.08 R+312 5L %692 97 GE 00749 5760 —

Heri-cdluose 19.53 P51+124 47.60+5.09 40.06+9. 2 cP 0.0137 17.6037 *
cP Xep  R6721LH" 207710 GExXCP 00640 6424  —

18.08 19.61+335 B B4 2167 +3 04 GE 0.5%07 04700 —

Cdluose 19.53 0.5%6+1% 25.60+0.58 208314 cP 0.0897 49%%5 —
cP Xep  0.82230" 2467273 GExXCP 0830 0060 —

18.08 512+0.97 3R+1L3RB 412+1.50° GE 05479 0427 —

Ligrin 19.53 4.08+0.45 32+11l 36+0.85" c RUB 39%% —
cP Xcp 4.60+0.87 317+1.00 GEXCP  04m1 0618  —

18.08 41.68+1.17 0R+1L04 41.00+1. 200 GE 0.0181 14.9376 *

GE 19.53 40.21£0.06 4878202 44.50+5.08° cP 0.0164 158480 *
cP Xep  40.%652108" M.5+506 GExCP 0004 30139  * *

— P>0.05,0=0.05; *: P<0.05,0=0.05; * *: P<0.01,a0=0.01
GE Xee  CP Xep (P>0.05,0 =0.05) ,
(P<0.05,0 =0.05) , (P<0.01,0 =0.01)
Asfar as digedihilities between different GEor different CPwere concerned , those with the same superscript proved to have no sgnificant difference (P>
0.05,0 =0.05) , those with dfferent letter but same case superscript for exanple, both had lower case proved to have sgnificant difference (P<0.05, a =

0.05) , and those with hoth different letter and different case superscripts had extremdly significant difference (P<0.01, 0 =0.01)
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(x1)
VY X1 X
Table 6 The cordation codficients between diet digetibility (y) and protein level of the concertrated diet (CP) (xy) and those between diet digestihility (y)
and energy concentration of the concertrated Diet (GE) (x») , the conplex correlation coficientsdf y, x;, and xp, and al corrdaing degrees

6 (y) (x2)

14 Trid 1- 4 15 Trid 1- 5
R R

fou foo Roos(2,5) Roo(2,5) Degest fou foo Ros(2.,7) Roau(2.7) Degest

tor Degree top Degree tor Degree top Degree

0.4331 05065 M 0.6783 S 04313 M 0643 S 0.7426 S
DM 1088 15134 0.8%6 0.9173 1.2648 2.3514 0.7533 0.8

0.780" 033 M 0.83% S 06597 S 04654 M 0. 7549 S
cP 2.8148 0.8775 0.8%6 0.9173 2.325 13912 0.7533 0.8

0.6723 0741 S 027" " S 0645 M 075" S 0®68" " S
ga 2.0307 2.46%2 0.8%6 0.9173 2.232 3. 4264 0.7583 0.8

- 0.1246 0.55%9 M 0.583 M -0.024 W 0574 M 0.6012 M
NFE - 0.258 1. 49983 0.8%6 0.9173 - 0.245 1. 8469 0.75%3 0.8554

0.4031 0.6047 M 0.6%48 S 04071 M 0718° S 0.7715" S
NDF 0.9849 1.6977 0.836 0.9173 11792 2.673% 0.7583 0.8

0.7618 " 0.4513 M 0.8488 " S 07153" S 0.59%6 M 0.86% " " S
Hemi - C 2.62%5 1.1308 0.8%6 0.9173 2.7082 1982 0.7533 0.8

0.739 0.2638 W 0. 7597 S 0.695"° S 0.4651 M 0.77% " S
Gdluose 24303 0.6115 0.83%6 0.9173 2.5257 1.3900 0.75%3 0.8554

- 0.6573 -0.2574 W 0.6843 S -06020 M -0133 W 0.6033 M
Lignin - 19503 - 0.5%6 0.83%6 0.9173 - 1992 0.3 0.7533 08554

0.5504 05052 M 0.7113 S 05121 M 0.636 M 0.760 " S
G 14741 1.300 0.8%6 0.9173 1.5774 21956 0.7533_0.8554

T T2 (y) (x) (y) (x2) R ;
t | t] 2t(n- k-1, . toos(5) =2.571, tow(5) =4.032, tas(7) =2.365, to(7) =3.499; x1 X
(r) 1 4 :0.1037(t=0.2331) ;1 5 :0. 1559( t1, = 0. 4176) ; R R2R(n- k- 1),
Y X1 X ; “own (P<0.050 =0.05) “ * *” (P<0.010 =

0.01) ; ‘g ‘M $ W

rop $andsfor the correlation coeficient between digedihility (y) and CP level of the concentrated diet (x;) ,while refor that between digedibility (y) and
GE ooncentration of the concertrated diet (x»)  R'for conplex correlaion codficient ; if | t | > (n- k- 1) ,then the correpondent correlation is sgnifi-
cant. Qritical values:tos(5) =2.571, too(5) =4.032 ,taos(7) =2.365, too(7) =3.499;  rp(correation codficient between xiand xp) (for Tria 1 -
4,it is0.1037, t;,=0.2331;for Trid 1- 5,itis0. 1559 ,t3, =0.4176)ismot ligzed; if R=2R (n- k- 1) ,the conplex correltionis sgnificant,  asfor the
spersript, *:P<0.050 =0.05; * *:P<0.01¢0 =0.01; inthe corrdation degree column ,S:grong correaion, M :moderate correlation, W: weak

correlation
6 1 4 , (0. 791
(0.783 0) 5) (0.7108)
(0.761 8) (@ =0.05) ; ,
@ =0.05) ; ( 0.7715
(0.741 1) , (a = 0.7796 0.7630) (@ =0.05) ;
0.05) ; (0.848 8) ( 0.936 8 0.869 4)
@ =0.05) , (0.952 7) (a =0.01)
@=001) 1 5 , ,
(0.715 3)
(0. 690 5) @ =0.05) ; 2.2.2.2 ( )
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, (y) —
(x1) (x2) 7( R 6)

7 (y) (x) (x2)
Table 7 Two - factor (CP (xy) and GE (x») of concentrated diets) linear regressve andyssdf the digedihility (y)

(including linear regressve equation and linear regresson s gnificance)

1 4 Trid 1- 4 15 Trid 1- 5
Iltem ) . ) F Ferit - 0.05 Ferit - 0.01 . t1 to to.os to.ow
Two - factor linear regresion equation Sanificance

¥ = - 64.5674 + 2. 1291 x; + 3. 4100 %, 2.1307 19.30 9. 30 — 1.1628 1.5759 2.571  4.032

Dry metter = - 75.9897 + 2. 1737 x1 + 3. 9558 %, 4.3015 4.74 9.55 — 1.3104 2.3877 " 2.365  3.499
= - 69.9695 + 4. 1260x; + 1. 8592, 5. 6877 5.791 3.27 — 3.0316 " 1. 1560 2.571  4.032

CQrude protein -~ 4 = - 85.0702 + 4. 1849 x, + 2. 5807 x, 4.6363 4.74 9.55 — 2.3976 " 1.4804 2.365  3.499
§ = - 162.951 + 3. 9066 x; + 5. 2055, 24.5722  5.79 13.27 * 4.4053° " 4.9672° " 2571  4.032

Qrude fat § = - 162.225 +3.9038x; + 5. 1708x, 33.2733  4.74 9.55 x * 4.5240" " 6.000°° 2365 3.49
¥ =3.3365- 1.2910x; + 4. 7684 x, 1. 3095 19.30 99. 30 — - 0.5059 1.5814 2.571  4.032

NFE & =13.3411 - 1. 3300, + 4. 2904 x, 1.9814 19.36 99.34 — - 0.6090 1. 9670 2.365  3.499
= - 77.4434 + 1. 8553 x,; + 3. 6258x, 2.3334 19.30 9. 30 — 1. 0640 1. 7596 2.571  4.032

NDF & = - 88.2288 +1.8974x, + 4. 1411x, 5. 1472 4.74 9.55 * 1.2472 2.7256 " 2.365  3.499

= - 132.627 + 5. 4287 x; + 3. 3410x, 6. 4445 5.79 13.27 * 3.0406 ° 1.5835 2.571  4.032

Hemi-cdluose § = - 153.082 + 5. 5085x; + 4. 3184, 10.8366  4.74 9.55 * ox 3.3710° 2.6460° 2365  3.499

= - 44.6815 + 2. 6170x; + 0. 8185x, 3.4126 5.791 3.27 — 2. 4499 0. 6484 2.571  4.032

Cdluose & = - 59.9081 + 2. 6764 x; + 1. 5461, 5. 4232 4.74 9.55 * 2.6430 " 1.5287 2. 3653 . 499

§ =24.8774 - 0.7949x, - 0.2819x; 2.2020 19.30 9. 30 — -1.9444 -0.5836 2571 4.032

Lignin 9 =20.0209 - 0.7760x; - 0.0499 x, 2.0031 19.36 9.34 — -1.9536 -0.1257 2365 3.499

= - 41. 3657 + 2. 1166 x; + 2. 2507 X, 2.5598 5.791 3.27 — 1.5928 1.4333 2.571  4.032

Qossenergy 9 = - 55.7862 +2. 1729x, + 2. 9397 X 4.8774 4.74 9.55 * 1.7093 2.3155 2.365  3.499
, 1 4 s 15 ; , — P>0.05,a=005; *: P<0.05,a

=0.05; * *: P<0.01, 0 =0.01; t “ « (@=005";" **" “
(a=0.01)"; “ (@ =0.09"

For the same item, the datain thefirg line comefrom Trid 1 - 4, while those in the seoond linefrom Trial 1- 5; in the linear regresson sgnificance
oolumn, — P>0.05,0 =0.05, *: P<0.05,0=0.05, * *: P<0.01,a=0.01; if the vdue of datidtic t hasthe superscript®  *” then the

oorregoondent regresson codfficient is sgnificant (@ =0.05) ; smilarly ,“ * *" dandsfor extremdly sgnificant (@ =0.01,)" ; andif the vdued t hasmo
superscript , then the corregpondent is not significant (@ =0.05) .

7 .1 4 ,

,1 5 , @ =0.05) ( , a =0.01)

@=0.05 ( 1 , ,1 5
5 , 0 =0.01) , 1 4
cP 2.2.3
1 4 ,
15 (LR )
@ =0.05) ( , 15
, 0 =0.01) GE 8
1 4 ,1 5 8 ,
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’ ’ P > 0 05) ’ ’ l
, 1 ( ) (CP2 x GR2)
4 ( 4
8 15
Table 8 Conparions o digedibilities between different trids
DM GE cP da NFE
Trid Digedihility Trid Digedihility Trid Digedihility Trid Digedihility Trid Digedihility
1 48.95% 1 48.78% 1 50. 972 1 19.17° 1 74. 252
3 40. 07° 3 41.68° 4 49. 312 2 12. 90 3 69. 61%
2 39.45° 4 40.32° 2 44. 972 4 12. 24> 2 67. 76%
4 37.92° 2 40. 218 5 40. 817 5 5. 66°° 5 64. 51
5 35.44° 5 37.318 3 40. 542 3 3.97% 4 58. 535%
NDF hem-C Cdluose Lignin
Trid Digedihility Trid Digetihility Trid Digedtihility Trid Digedtihility
1 34.88% 1 47. 60% 1 25. 602 3 5. 122
3 26. 19%° 4 36.55° 4 23.73% 2 4.08%
2 25. 378 3 32.848 2 20. 56% 5 3.54%
4 23.06° 2 32.518 3 19.61%* 1 3.222
5 21.17° 5 28. 90° 5 18. 20 4 3.122
, (| xi- x| <LSRoos) ; , : (| x-x] >
LSRo.s) ; , : (| xi- x| >LSRoo0)

When a digedihility with a snge superscript i's conpared with a digegibility with a double or triple superscript , only thefirg letter i s necessary for conmr
paration. When a digedtibility with a double superscript is conpared with another double-letter superscript digedtibility , or with atriple-letter superscript digedtibil-
ity , only the second letter is necessary for conparation. With two triple-letter superscript digedtibilities, only conparion o the third letter is needed. Di-
gedibilities with the same superscript (Jetter and case) proved to have ro significant difference (| xi- x| <LSRo.0s) . Thosewith different conpared letter but
case superscript proved to have sgnificant difference ( | Xi = Xj | >LSRy.05) . Those where recommpared superscript is a different letter and different case proved
to have extremdly significant difference ( | xi- X | >LSRoad)

3
, 8d ;
( , 1991; ( ),
, 1990) , ; ,
, , , , ( 2 ),
2%x2 : ( 11
(2CP x 2GE) , 1 ) ;
( )
; (2 ) 2 1 2 ,3 4 5 ,
5 , 1 2 ,3 4 5
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, 12 , 3 4 1 4 15
, , ( ,
, 3 45
, , : , ,1 5
, 15
, 1 4
( 5); , 1 5 ,
( 6) ,
, 2 ,
, (a =0.05) ,
, , , (a =
( 0. 05)
, 1996 ; , 1983) , , ,
, (
) :
20 80 , , ,
, , , 1994)
40% 50%, , , (
, 1991 , )
, 80 3
4 , ,
80 : , 4
20 %, ( :
2000) (P<0.05) (r=0.7830),
(P<0.01) (r=
, 0.6723) ;
( ), (P<0.05)
, / (r 0.556 9 0.604 7 0.5052),
, 0.33 (P<0.01) (r=0.7411);
; 0.33 0.66
; 0.66 ( (P<0.05) ,
, 2002) (P<0.01);
, (P>0.05)
, ( 6) 1 4 15
6 , t
( ), , 6 =0.05 ( ,1 4 15
t (a =0.05 (a =0.01)
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, 1 (CR2xGR2,
CP 20. 61 x GE 19. 53 MJ/ kg)

’
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