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Study on the Metabolizable Energy of Soybean Meal in Duck Determined Using
Enzymatical Method Based on Simulative Digestive Juice and Sealed

Digestive Apparatus
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(State Key Laboratory of Animal Nutrition, Institute of Animal Science , Chinese Academy of
Agricultural Sciences , Beijing 100193, China)

Abstract: The comparison of analytical precision between enzymatical and empting-force feeding
methods, and the difference of metabolizable energy of soybean meal in duck determined by using
the two methods were investigated to study the feasibility of enzymatical method used for deter-
mination of nutrient digestibility in duck feedstuff. In the comparison experiment of analytical
precision between enzymatical and empting-force feeding methods, a completely randomized de-
sign was adapted. There were five replicates with one simulative digestion per replicate at each di-
gestion stage of enzymatical method, and four replicates with three ducks per replicate in empt-
ing-force feeding method. The range and relative standard deviation of these two method were
calculated. In the comparison experiment of metabolizable energy of soybean meal determined u-
sing the two methods, the paried design was adapted to compare the difference of enzymatical hy-
drolyzed gross energy and metabolizable energy of 25 soybean meal. The results showed that the

range and relative standard deviation of dietary dry matter digestibility and metabolizable energy
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determined using empting-force feeding method were 2. 89% and 1. 57%, 0. 36 MJ « kg™ ! and

1.13%, respectively. The range and relative standard deviation of dietary dry matter digestibility

measured using enzymatical method were 1.57% and 1. 13% , which meant the precision of enzy-

matical method was similar to empting-force feeding method. The mean of true metabolizable en-

ergy and enzymatical hydrolyzed gross energy of 25 soybean meal were 13. 33 and 13. 55

M]J « kg”! DM (P>0.05 ), respectively. Taking the permitted error into account, the probabili-

ty for accurately predicting the metabolizable energy of soybean meal in duck was about 68%

using enzymatic method.
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Table 1 Composition and proximate nutrients of soybean meal(DM, %)
I JF Bl Ingredient HE W% 3% 43 Proximate nutrient
SLHIRE R
Soybean meal ET% H HER  PHERRIFE  MEERRIE BAE/ (M) ke D

Hull Soybean meal CP NDF ADF GE

1 - 100. 00 50. 20 11.27 7.28 19.58
2 - 100. 00 53. 34 10. 43 6.48 19.59
3 - 100. 00 54. 14 9.51 5. 16 19. 65
4 2.01 97.99 52.65 10. 37 6.43 19. 58
5 4.02 95.98 52.09 11.42 7.59 19. 48
6 6.03 93. 97 51. 04 12.90 8.32 19.56
7 8. 04 91. 96 49. 92 13.73 9.59 19.33
8 - 100. 00 51.76 14.10 9.68 19. 65
9 - 100. 00 53.59 11.73 8.05 19.72
10 2.05 97.95 52.97 13.48 8.95 19.73
11 - 100. 00 49.76 12.10 7. 40 19.59
12 - 100. 00 52.72 9.93 5. 88 19.97
13 2.05 97.95 52.21 11. 20 6.93 19. 89
14 4. 10 95.90 51.69 12.57 7.70 19.92
15 6.15 93.85 50.43 14. 25 8.70 19. 86
16 8. 20 91. 80 49.93 14.94 9. 64 19.73
17 - 100. 00 50.79 15.74 10. 23 19.55
18 - 100. 00 53. 54 12.68 8.08 19. 57
19 - 100. 00 56.70 7.13 5.03 19. 81
20 2.05 97.95 55.01 9.20 5.95 19. 81
21 4.09 95.91 54. 66 10.01 6.79 19. 66
22 6.14 93. 86 54.15 11. 82 7.96 19.61
23 8.18 91. 82 53.08 12.90 9.20 19.55
24 - 100. 00 50. 54 15.22 10. 16 19. 41
25 - 100. 00 54.18 10. 66 6.96 19.73
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The compositions and nutrient levels of typical diet (DM, %)

H K1Y, Composition 4 1 Content

£ 7K F Nutrient levels? %+ Content

E >k Corn 71. 65
M Soybean meal 23.37
.9l Soybean oil 1.42
&k NaCl 0. 30
£ ¥y Limestone 1.23
B R E 45 Dicalcium phosphate 1.70
% Z ® DL-methionine 0.07
i ZBR L-Lysine 0. 04
B4H5%24E/(mg « kg ') Vitamines” 1 607
MEICE/(mg + kg ') Minerals 652

4t Total 100

ME [ FE Crude protein 17.71
HLIE WG Ether extract 4.98
HLEF4E Crude fiber 2.13
4E Calcium 0. 90

Ei# Total phosphorus 0. 60

DO TRARSPEA: VA 2 500 1U; VD, 400 1U; VE 10 1U; VK, 0.5 mg; VB, 1. 8 mg; VB, 4. 0 mg; VB; 3. 0 mg; VB,
7.0 pg;Z R 11. 0 mg; MER 55. 0 mg; MR 0.5 mg; AW E 0. 12 mg; AL HHK 750 mg; Cu 8. 0 mg; Fe 80. 0 mg;Zn 40. 0 mg;
Mn 60. 0 mg;Se 0. 15 mg;10.35 mg, . R85 B & 0 it 5008 HAE 5746 b7 o8 S2 0 H

D Per kg diet supplies: VA 2 500 IU; VD, 400 IU; VE 10 TU; VK, 0.5 mg; VB, 1. 8 mg; VB, 4. 0 mg; VBs 3.0 mg; VB, 7.0 pes

Pantothenic acid 11. 0 mg; Nicotinic acid 55. 0 mg;Folic acid 0. 5 mg; Biotin 0. 12 mg; Choline chloride 750 mg;Cu 8. 0 mg;Fe

80.0 mg;Zn 40.0 mg;Mn 60.0 mg;Se 0. 15 mg;1 0. 35 mg. .

values, while the other nutrient contents are determined values
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Table 3 The precision of true digestibility of dry matter and true metabolizable energy in emptying-force feeding method using

starch-soybean meal diet

TR EE R % HACHARRME/( MJ « kg™
YER - H R True digestibility of dry matter True metabolizable energy
HwES
Starch-soybean ) v 579 v
= S X PRE  SEME AH X b 1
meal diet Repetition N T Rt U mo/
@ Determined I 22 Determined W2/ %
Mean Range Mean Range
value RSD value RSD
1 78.13 15.06
o1 2 77.67 ) ) 14.78
78. 40 2.05 1.15 14.96 0.31 0.95
Dietl 3 79.72 15.09
4 78.10 14.93
1 79. 89 15. 14
H# 2 2 78.57 15.08
78.29 2. 80 1.57 14.98 0.33 1.05
Diet 2 3 77.09 14. 88
4 77.63 14. 81
1 78.22 15. 21
HH 3 2 82. 04 15.58 }
80. 04 3.82 2.00 15. 35 0. 45 1. 40
Diet3 3 79.52 15.13
4 80. 40 15.48
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A E K-SR H R K i 12 45 TH AL B T
I AR R AR A (R 45 AN I
TR 2 W A T AR BT B OF B AR
I3k 27.58% . 71. 63% Fl 73. 03 %, He 2= 43 Wil K
0.64% 2. 23% F1 1. 83 % 5 A1 Xt b v 1w 22 43 51 N
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Table 4 The precision of three-step digestion in enzymatical method using corn-soybean meal diet

T AL Z/ % Dry matter digestiblity

WL B B wHE : —
. L . S -3 {8 e = A X A T g 22
Simulative digestion stage  Repetition
Determined value Mean Range RSD

1 27.31

2 27.26
H I 6

3 27.83 27.58 0. 64 1. 06
Stomach

4 27.62

5 27.90

1 72.32

2 70.29
+ AR I A

3 B g 71.63 2.23 1.43
Duodenum

4 72.53

5 71.39

1 74.04

2 72.87
25 W A6 39

3 72.84 73.03 1.83 0.91
Jejunum

4 72.21

73.19%

l

2.3 Hpk@UEESHEREEAEEENE
®

xS i A vk TME {65 8K A ) 0 R (2t 17
Bext ¢ K58 (5 5) - 4R R WL 25 A FE AL 1) TME S
{H . EHGE F-Y {8 43 5 & 13. 33 #1 13. 55 MJ » kg™'
DM, Wi {E ] 6 {2 3 P 22 5 (P=>0. 05), gt — 4
Xt 25 AN EOM AR b 19 EHGE {E A X T HF 25 38 47 3k
TME {8 (9 i 22 3547 20 B 22 W1 17 ARl (9 O 22 72
0~7.50 Cif BUFE & iy 6800, 22 fH 7E 0. 85

MJ - kg ' DM AP 7 AFES IR ZE4E 7.5 2L B
G BRE LA 3200, 22 HAE 1. 05~1. 65 MJ » kg
DMD , % FHEAs 5 i) 2000 7 58 & H OB AR e 1 19 A2
VFIR 2 0T DA ) 3060 LAPY » 3 a8 24 5 i ) 22 28 J5 4
IR Y A1 8 A R A AR Y B i 2 7 R O
(40 Y0 o 11 25 B VL I SRV IR 254 7.5 %6 AN L AT
ARy A 5 v I R A D SR A R A P R 24
Jy 68% .,



952 BOHOB OB ¥ M 12 %

®5 EHMEBKEYSEEE(EHGH) 5#H =87 B K5 4 & (TME) B L &

Table S Comparison of the true metabolizable energy by emptying-force feeding method and enzymatical hydrolyzed gross energy

i EHGE/ 2MH fili v 22/ 7
Soybean meal TME/(MI - ke ) (M] « kg™ D) Difference Estimation bias
1 13.74 14.13 —0.39 2.84
2 13.77 13. 39 —0.38 2.76
3 14. 38 14.16 0.22 1.53
4 13.71 13.92 —0.21 1.53
5 14.52 13. 15 1. 37 9.44
6 14. 28 12.94 1. 34 9. 38
7 15.13 13.48 1. 65 10. 91
8 13.23 13.39 —0.16 1.21
9 13.68 13.93 —0.25 1.83
10 11. 97 13.48 —1.51 12.61
11 13.69 13. 36 0.33 2.41
12 14. 07 14. 02 0.05 0. 36
13 13.70 13.62 0.08 0.58
14 12. 69 12.90 —0.21 1. 65
15 12. 21 13. 26 —1.05 8. 60
16 11.95 12.50 —0.55 4. 60
17 13.03 12.53 0.50 3.84
18 13. 37 13.21 0.16 1.20
19 13.32 14.51 —1.19 8.93
20 12. 83 14. 47 —1.64 12.78
21 13.32 14. 17 —0. 85 6. 38
22 12.35 13.77 —1.42 11. 50
23 12.90 13.41 —0.51 3.95
24 12. 44 13.15 —0.71 5.71
25 13.08 13.93 —0. 85 6. 50

4i i1 Statistics

SEH{H Mean 13.33 13.55

FrifEiR SEM 0.16 0.11

Ht 2% Range 3.18 2.01

SR/ % CV 6.10 4.02

{8 t=—1.11,P=0.273 8

2 M [ )9 Linear regression TME=8. 72+0. 34 X EHGE(R? =0. 052 1,RSD=0. 81,P=0. 27)

#%{H=TME-EHGE; filiffi 22 = | TME-EHGE | /TME
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