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XU XPRZAR® Ealtr’ xisck' Sfexs' spsc
FEXED O KUE PRt
(LR BRI R A FRA T IGTT 2764002, F SRR EE S TR2ES TR, B 266042;
3.5 SR RS PR 4B, 5 5 266109)

i E. KABRBEARKRR AL @ ERATHL 6 AN L (KRB - R4 H4E
B B-HERAEMN oa-F 5450 RACH) R T AW E K- 34— 4R W4 P Rk 20 A 0
i RAH 3KREF Sty A A A% (SDS-TT ) BE4TAE 4 B Mg Ak sh i AL iX B 4 L R R 2 1A
FRAMAGKIE X AR ER-F -2 A AR P SR Am5 ARFe) 6 FERD S
VEBE A KFIR S ANE L, AL RAEFEZ (RS) o T4 AL £ 516 (IDMD) 2 +F #3847,
BT BB RAE R g R 3 — F A A 24 Design-Expert 8.06 Box-Behnken *f i & %
&3t 6 BT 3 KF L, (3°) X%, 2 6 A #8547 A BLzl 4, vA RS F= IDMD 4 v A4, # 2 6 #F
PEERAEMSBE, SRAV.E1~3 AL NS ER-S - A AR PR E R 6 Ik
T S AR BB E A KR AEBE 11.40 U/g B-H RAEBE3.76 U/g ¢F 458 8.52 U/g B-HERME
B 8.19 U/g.a—F 5L 85 6.24 U/g R A B 1.60 U/ g, % B AL KR 49 RS F= IDMD 431
9.71 mg/gh= 2.86% ; £ M F M T 47 3 R E H K%, /7% RS #= IDMD 4 %] % 9.59 mg/g #=
2.81%,5 8 b ZKAL R £ 5 A A 1.24%F= 1.75% , & BR P73 B3 46 R we b 27 RS F= IDMD #9
BIFER, EA~6 MBI R-F - AR PR R 6 FAERD S BBIRE AN RER
¥eBE11.00 U/g B-H R AEBE 5.26 U/g 4458 8.32 U/g B—H ER¥EM 7.96 U/g a—F 5L4E
¥ 6.20 U/g RIcHE 6.17 U/g, % B fEAL R R 49 RS F2 IDMD 4 %] 4 10.45 mg/g #2 2.95% ;
EREM TH4T3 RELKE,/F%) RS 42 IDMD 4 7| % 10.34 mg/g #= 2.92% , 5 32 & gt fh
812 Z 53 A 1.05% A= 1.02% , & R Pi 43 B 48 R wk t &F RS #= IDMD #9347 4 R, 4 LAk |
1~3 Rl¥ M4 6 FrAE it % M R 12 B8 2 KRR 11.40 U/g B-H RAEH 3.76 U/g 4
YA BE8.52 U/g P—HERHMEH8.19 U/g . a—F L EHE6.24 U/g R 1.60 U/g;4~6 B
R B LA 6 FPAE A § HEBE R AL B S 2 AR MERE 11.00 U/g B-H RAEBE 5.26 U/g. 4 4 % B
8.32 U/g B—HERME 7.96 U/g . a—F 3L 8 6.20 U/g KRB 6.17 U/g,
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FIAE 72 1 RE | W IR 1] 37 B0 AS R 2k 5 36 85 4 AR
FN 2 H R SR A R A i £ A K
APy RS R, ORI ST R s, NSP g AT 2
NSP HY K BEGHYIE WA R Y, BERUS TR 5, M
B2 25 TR Y % R A (B 3 Ao A e A 0 A i B
SRy B B 45 R, R IO SR W oA =2 55 M T A
it 70 43 He fih , MTIT 2 55 75 43 R T AR T2 5 AU ot
IR X PR A 3 g BE AR NSP E R W 1 K
B, A0 A R B, R B I A R
NSP i il 77 72 57 5 AU HA T [ 1 N AT 5, A
W5 i PRSIy A= T A R SE AL, 18 1 W R AT i
BRI, X YA K - T - 2 R U R B NSP B
it 5 2 A T O L, 5 AR O AR BOK - RO - 2%
FARLRDRR A BN 4R (R 2 AR 0

1 #MR5FZE
1.1 iRy
i 5 BT H 4% Fh NSP i 1 ) (R R BE

50 000 U/g B~ Hi R HEEF 50 000 U/g . £F 4k % il
10 000 U/g . B—H #& R M 50 000 U/ g a—-FLHk
i 2 000 U/g R 30 000 U/g) ¥ H 1l 5 B
PHERRE A R A w44t Hod R RWERG -
RWERG A4 R BT 5 M o= FLBE AT
[ R T PRt SN TR L TN
B KWIARR BEHMATE B B, K
X7 . 2 1 ( Sigma P7000) | B4R 1176 ( Am-
resco 0785) , Bt & H i ( Amresco 0164) , V€ ¥ i
(Sigma A3306) , HoAth 28 7] B3 ¢ 5 Uk BH A1, 341k
Mrali K ¥ R 75 4 GB/T 6682—2008 1 #L5E i) —
Gk, FERBAEASE 3 R E ik nik
F4:(SDS-M) (/A R ReBHB & B A R A
) Fl 6400 AU 5 AL (& [ Parr A H]) .

2 W25 0 R ot 1 PR R 3 el I T ) R
oK =TT RF = 2% K TR R Bl AR, B e ) R 2 A % R
KEWFE N,

®1 ERARAMREFRKT (RTFEM)

Table 1

Composition and nutrient levels of basal diets (air-dry basis) %

& & Content

W H

Items

1~3 Jiie

1 to 3 weeks of age

4~6 JAik

4 to 6 weeks of age

JEUB} Ingredients

E K Corn

4 Soybean meal (43% CP)

K Z3l Soybean oil

WH Wheat middling

£ ¥} Limestone

[ 7= TR S AT %5 %) Domestic DDGS
BFER S 55 CaHPO,

LM Peanut meal (47% CP)
Fi¥7H1 Cottonseed meal (46% CP)
T KE A K Corn protein meal (60% CP)
L-F5% 82 L-Thr (99%)

L-#i% R L-Lys (70%)

DL-ZE &R DL-Met (98% )
TRkl Premix"

A11 Total

#37/KF Nutrient levels”

RiffiE ME/(MI/kg)

M H R CP

KR EE

] {H AL 2R Digestible Lys

49.39 49.95
26.10 18.50
2.00 4.81
5.00 10.00
1.42 1.47
5.00 2.00
1.33 0.91
3.00 5.24
3.00 3.00
2.00 2.00
0.08 0.12
0.50 0.70
0.18 0.30
1.00 1.00
100.00 100.00
12.26 13.05
22.00 20.00
4.88 7.11
1.14 1.09
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k1
& Content
i H
1~3 JEliE 4~6 JE#E
Items
1 to 3 weeks of age 4 to 6 weeks of age

A4 LA E R Digestible Met 0.59 0.57
A4k 95 R Digestible Thr 0.75 0.69
nHALE R R+ R R Digestible Met+Cys 0.88 0.83
45 Ca 0.98 0.93
BB AP 0.49 0.40
B TP 0.72 0.64

1) Py A AT 58 4R AR 32 fit The premix provided the following per kg of diets: VA 10 000.00 IU, VB, 5.60 mg, VB,
11.00 mg, VB, 8.00 mg,VB,, 0.02 mg, VD, 3 000.00 TU, VE 40.00 1U, VK, 2.50 mg, =¥ % biotin 0.15 mg, Ifig folic acid
2.00 mg,D-{Z 2 D-pantothenic acid 32.00 mg, #HM2 nicotinic acid 60.00 mg, HLE L] antioxidant 100.00 mg, Cu (as copper
sulfate ) 10.00 mg,Fe (as ferrous sulfate) 80.00 mg,Mn (as manganese sulfate) 60.00 mg,Zn (as zinc sulfate) 35.00 mg,I (as
potassium iodide) 0.42 mg,Se (as sodium selenite) 0.30 mg,

2) B3R 1B, Nutrient levels were all calculated values.

1.2 iRt
1.2.1 AXSIE R 6 b B IS B I i PR S5
A B 38 1B

R BN 2R 58 A BEA LRI BT, F5 AR SR b g |
B Ml 27 4 R g B—H # KA o FLH

R2 6THRABMKRME
Table 2 Supplemental levels of the 6 kinds of enzymes U/g

T Eg CRIEEE o Fh SRR N 230 BE 5 4K,
B 5 AT, IS INAE XS B K -0 - 2%
FABL IR R AR | BEAT RS AEL B A S A i
E BT 2,

b B i B R M I ARG B-HERHERE o FILWH AR i
Treatments Xylanase B-glucanase Cellulase -mannanase a-galactosidase Pectase
1 0.50 0.25 0.50 0.50 0.80 0.40
2 1.00 0.50 1.00 1.00 1.60 0.80
3 2.00 1.00 2.00 2.00 3.20 1.60
4 4.00 2.00 4.00 4.00 6.40 3.20
5 8.00 4.00 8.00 8.00 12.80 6.40

122 RXGEH T 6 Fhef s BemEs s M e

FRAE 1.2.1 P3RS0 45 R . 1~ 3 JR % R X 1) H v
6 ThEAME A RGN | B—H RAENG P4 R B—H
5 SR o= FLWE T SR e AR A5 e 1R 3 b
P WS I i 43 i 7.56,4.63.6.21,6.42
7.88.3.78 U/g, MG A T B b R 42 mE 1Y
AN %8 11.50.3.76.8.79 . 4.55.6.24
5.95 U/g. % 6 Pl ol 3 1K, # i 6
% 3 JKF L,,(3°) Box-Behnken i Ji i 43 A1 2% i 47
R, W 54 ANAA, H K COF 4 5 2
3 Wi, A 54 AN, Horb 48 SR IRLAT L 6
AR 5 DA TR 25 5 LLE OB B il (Y1) At

PIBOHACR AR = (B (Y2) S A, 30 e T Je 25
R 4 pros,

AR 1.2.1 A E0 45 R . 4 ~ 6 JE il P 1R R
6 Fh A A SN B | B R RG AT R BT
5 SR o= FLWE T SR e A e 1R 3 el
TR TS A T 4 o T Ak R 4R R 1R Y S = g 0l Ry
7.31.11.90 U/g,4.53.3.80 U/g,6.44 .8.90 U/,
6.44 4.55 U/g,7.81 .6.20 U/g,3.79 .6.17 U/g: ¥4
6 PP E 3 UK B 6 IIER 3 K Ly,
(3°) Box-Behnken W v 11 43 AT v #E A7 iR B 15 11, 1%
B 54 MG HARK PR NEE s s, 3h
54 A5, o 48 AT IR AL, 6 A R E AL LUAE
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THRZE LU R (Z21) TP R R 8E R{E(Z2) IR, 5 st LA R A3 6 Fs

®3 AB1-3FARARREERSKE

Table 3 Experimental factors and levels of diets for broilers from 1 to 3 weeks of age U/g

% Factors

K ap
LJS;S KB B B UL p-HEEWEN  a—kIUBE R
Xylanase (A)  B-glucanase (B)  Cellulase (C) P-mannanase (D)a-galactosidase (E) Pectase (F)
-1 3.63 3.76 3.64 4.55 6.24 1.60
0 7.56 4.63 6.21 6.42 7.88 3.78
11.50 5.50 8.79 8.29 9.51 5.95
x4 AB1~3 FEHER Box-Behnken %1177 R KM M B 45 R
Table 4 Design of Box-Behnken and response values of diets for broilers from 1 to 3 weeks of age
A& Factors/(U/g) %%ﬁ TR
R o b
WG 5 B-H & a—FF Reducing IR EE
Experiment AKHENS  BWEHING PN BN WM RGN ugar  mproved
number Xylanase B- Cellulase B- a- Pectase release d.ry rr.na'tt.er
(A) glucanase (B) (C) mannanase  galactosidase (F) (Y1)/ d1g$s2t1b/11;ty
(D) (E) (mgg) (2%
1 7.56 4.63 6.21 6.42 7.88 3.78 7.92 1.70
2 7.56 3.76 6.21 6.42 9.51 5.95 7.73 1.41
3 7.56 5.50 6.21 6.42 9.51 1.60 7.63 1.36
4 11.50 4.63 3.79 6.42 7.88 1.60 9.07 1.38
5 11.50 5.50 6.21 4.55 7.88 3.78 8.27 1.54
6 3.63 5.50 6.21 4.55 7.88 3.78 8.07 1.62
7 7.56 3.76 3.64 6.42 9.51 3.78 8.30 1.68
8 11.50 5.50 6.21 8.29 7.88 3.78 7.98 1.77
9 7.56 4.63 3.64 4.55 7.88 5.95 7.62 1.70
10 7.56 4.63 6.21 6.42 7.88 3.78 7.92 1.65
11 7.56 5.50 3.64 6.42 6.24 3.78 7.77 1.32
12 7.56 5.50 6.21 6.42 6.24 5.95 7.87 2.22
13 11.50 3.76 6.21 8.29 7.88 3.78 8.13 1.91
14 7.56 5.50 8.79 6.42 9.51 3.78 8.02 1.44
15 11.50 3.76 6.21 4.55 7.88 3.78 7.73 1.73
16 7.56 4.63 3.64 8.29 7.88 1.60 8.45 1.86
17 7.56 5.50 6.21 6.42 6.24 1.60 7.92 1.16
18 7.56 4.63 3.64 8.29 7.88 5.95 7.97 1.61
19 7.56 4.63 6.21 6.42 7.88 3.78 7.92 1.72
20 7.56 3.76 6.21 6.42 6.24 5.95 7.06 1.64
21 11.50 4.63 3.79 6.42 7.88 5.95 8.74 1.86
22 7.56 3.76 3.64 6.42 6.24 3.78 7.35 1.65
23 3.63 4.63 6.21 4.55 9.51 3.78 8.13 2.17
24 3.63 4.63 3.64 6.42 7.88 5.95 8.38 1.60
25 7.56 4.63 8.79 8.29 7.88 1.60 8.03 1.63
26 3.63 4.63 3.64 6.42 7.88 1.60 8.35 1.77
27 11.50 4.63 3.64 6.42 7.88 1.60 8.97 2.04
28 7.56 5.50 6.21 6.42 9.51 5.95 8.71 2.45
29 11.50 4.63 6.21 8.29 6.24 3.78 8.23 2.36
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2E5% 4
K2 Factors/(U/g) ﬁ%ﬁ RS
B G
ks Bl a-dl I T
Brperiment AN p-WRRES  CPAEE  RWESE  OBFE SRS wgar | Improved
number Xylanase B- Cellulase B- a- Pectase release (%ry n'la.tt.er
(A) glucanase (B) (C) mannanase  galactosidase (F) (Y1)/ dlg;;“b/lgty
(D) (E) (mgrg) (V2%
30 3.63 4.63 6.21 8.29 9.51 3.78 7.87 1.77
31 3.63 3.76 6.21 8.29 7.88 3.78 7.76 1.80
32 7.56 4.63 8.79 4.55 7.88 5.95 8.55 1.76
33 7.56 4.63 8.79 4.55 7.88 1.60 8.38 1.21
34 11.50 4.63 6.21 4.55 9.51 3.78 8.97 1.51
35 7.56 4.63 8.79 8.29 7.88 5.95 8.22 1.61
36 11.50 4.63 6.21 8.29 9.51 3.78 8.75 1.19
37 7.56 5.50 3.64 6.42 9.51 3.78 8.90 1.82
38 11.50 4.63 3.64 6.42 7.88 5.95 7.99 2.29
39 7.56 3.76 8.79 6.42 9.51 3.78 7.98 1.33
40 3.63 5.50 6.21 8.29 7.88 3.78 7.74 1.77
41 3.63 3.76 6.21 4.55 7.88 3.78 7.46 1.70
42 3.63 4.63 6.21 4.55 6.24 3.78 8.27 1.03
43 3.63 4.63 6.21 8.29 6.24 3.78 8.50 1.67
44 3.63 4.63 8.79 6.42 7.88 1.60 8.11 2.03
45 3.63 4.63 8.79 6.42 7.88 5.95 8.79 2.23
46 7.56 4.63 6.21 6.42 7.88 3.78 7.92 1.72
47 7.56 4.63 3.64 4.55 7.88 1.60 8.11 1.37
48 7.56 3.76 6.21 6.42 6.24 1.60 8.45 2.42
49 7.56 5.50 8.79 6.42 6.24 3.78 8.60 1.50
50 7.56 3.76 6.21 6.42 9.51 1.60 7.98 2.16
51 11.50 4.63 6.21 4.55 6.24 3.78 7.97 1.64
52 7.56 3.76 8.79 6.42 6.24 3.78 8.74 1.86
53 7.56 4.63 6.21 6.42 7.88 3.78 7.92 1.72
54 7.56 4.63 6.21 6.42 7.88 3.78 7.92 1.72
x5 HB4-~6 ARARIKEZSKE
Table 5 Experimental factors and levels of diets for broilers from 4 to 6 weeks of age U/g
K| & Factors
K AR TR B~ SR Wi it YR B-HEEENEN  a—L AW IR
Levels Xylanase B-glucanase Cellulase B-mannanase a-galactosidase Pectase
(A) (B) () (D) (E) (F)
-1 2.72 3.80 3.97 4.55 6.29 1.41
0 7.31 4.53 6.44 6.44 7.81 3.79

11.90 5.26 8.90 8.33 9.34 6.17
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K6 MM 4~6 FA1ER Box-Behnken iZit AR R MM ELE R

Table 6 Design of Box-Behnken and response values of diets for broilers from 4 to 6 weeks of age

[AZ Factors/(U/g) e AL

p g . -t = R AP
X5 ﬁ’ﬁ? K Bt ST U 2 il %%,]ga‘gg ;ﬁﬁgﬁ C Reducing Improved
Experiment e g LS RN H

number Xylanase B-glucanase Cellulase B- a- Pectase sugarzieljase ;ry n.la‘t;er
(A) (B) (C) mannanase  galactosidase (F) (Z1) igestibility
(D) (E) (mg/g) (22)/%
1 7.31 5.26 6.44 6.44 9.34 6.17 8.37 1.76
2 7.31 3.80 8.90 6.44 9.34 3.79 7.59 1.50
3 11.90 4.53 3.97 6.44 7.81 1.41 7.60 1.69
4 7.31 3.80 3.97 6.44 6.29 3.79 7.79 1.52
5 7.31 4.53 3.97 8.33 7.81 1.41 7.19 1.20
6 7.31 4.53 3.97 8.33 7.81 6.17 7.10 1.71
7 7.31 5.26 8.90 6.44 9.34 3.79 8.39 1.75
8 11.90 4.53 6.44 8.33 6.29 3.79 9.34 2.00
9 11.90 5.26 6.44 8.33 7.81 3.79 10.84 1.95
10 11.90 4.53 3.97 6.44 7.81 6.17 10.25 1.99
11 7.31 4.53 6.44 6.44 7.81 3.79 8.86 1.88
12 2.72 4.53 6.44 8.33 9.34 3.79 7.86 2.00
13 7.31 3.80 6.44 6.44 6.29 6.17 8.34 1.45
14 7.31 5.26 3.97 6.44 6.29 3.79 8.12 1.20
15 2.72 4.53 6.44 4.55 6.29 3.79 9.35 1.60
16 7.31 4.53 6.44 6.44 7.81 3.79 8.86 1.89
17 7.31 5.26 6.44 6.44 9.34 1.41 8.45 1.20
18 7.31 4.53 3.90 8.33 7.81 1.41 7.28 1.29
19 7.31 4.53 8.90 4.55 7.81 6.17 7.83 1.80
20 2.72 4.53 3.97 6.44 7.81 6.17 7.30 1.75
21 2.72 5.26 6.44 8.33 7.81 3.79 8.11 1.70
22 7.31 4.53 3.97 4.55 7.81 1.41 6.85 1.60
23 7.31 4.53 8.90 4.55 7.81 1.41 6.47 1.70
24 2.72 4.53 6.44 8.33 6.29 3.79 7.88 1.40
25 7.31 4.53 3.97 4.55 7.81 6.17 8.30 1.32
26 11.90 4.53 6.44 8.33 9.34 3.79 9.62 1.71
27 7.31 4.53 6.44 6.44 7.81 3.79 8.87 1.80
28 11.90 4.53 3.90 6.44 7.81 6.17 9.32 2.50
29 11.90 5.26 6.44 4.55 7.81 3.79 8.25 1.90
30 11.90 3.80 6.44 4.55 7.81 3.79 7.90 1.90
31 2.72 4.53 3.97 6.44 7.81 1.41 8.60 1.80
32 7.31 5.26 3.97 6.44 9.34 3.79 9.40 1.35
33 7.31 3.80 6.44 6.44 9.34 1.41 7.28 1.70
34 7.31 4.53 6.44 6.44 7.81 3.79 8.88 1.87
35 2.72 3.80 6.44 4.55 7.81 3.79 10.25 1.79
36 2.72 3.80 6.44 8.33 7.81 3.79 7.33 1.66
37 7.31 3.80 3.9 6.44 6.29 3.79 8.50 1.60
38 2.72 4.53 6.44 4.55 9.34 3.79 9.53 1.90
39 11.90 4.53 8.90 6.44 7.81 1.41 6.70 1.85
40 7.31 5.26 8.90 6.44 6.29 3.79 8.10 1.90




1368 ;oW E K ¥ iR 32 4%
Zik o
K2 Factors/(U/g) S JEC TR RAL
S 4 ot ‘ B a—k3, *%ﬁﬁl% iR HE
Bxperimen: KEME DR mmm ww WEE BEess Reducing  Improved
number Xylanase B-glucanase Cellulase B- o Pectase sugar release (%ry n'la.tt.er
(A) (C) mannanase  galactosidase (F) (Z1)/ digestibility
(B) (D) (E) (mg/g) (Z22)/%
41 7.31 4.53 6.44 6.44 7.81 3.79 8.84 1.83
42 7.31 5.26 6.44 6.44 6.29 1.41 7.00 1.20
43 7.31 3.80 6.44 6.44 9.34 6.17 7.30 1.50
44 7.31 3.80 6.44 6.44 6.29 1.41 6.95 1.70
45 2.72 4.53 8.90 6.44 7.81 6.17 7.90 2.05
46 7.31 5.26 6.44 6.44 6.29 6.17 8.30 1.99
47 11.90 3.80 6.44 8.33 7.81 3.79 7.72 1.70
48 7.31 4.53 6.44 6.44 7.81 3.79 8.89 1.80
49 2.72 5.26 6.44 4.55 7.81 3.79 8.30 1.55
50 7.31 4.53 8.90 8.33 7.81 6.17 7.11 2.10
51 11.90 4.53 6.44 4.55 6.29 3.79 8.10 2.10
52 11.90 4.53 6.44 4.55 9.34 3.79 8.42 1.69
53 2.72 4.53 8.90 6.44 7.81 1.41 9.20 1.70
54 7.31 3.80 3.97 6.44 9.34 3.79 7.95 1.70
13 BUMEBRASNE LR
PRI AR I i R B T B 2 RG4S

P E, U5 A2 TH AL PR A 2 7 rp 3 B 48 1Y B 5
FIALER | 22 vh i /N i 92 i ) T R R B
FT2HFARARES IOk 11 ],

1.4 HiELE

1 Excel 2016 X8 A7 4) 22 B B, 12 ] De-
sign-Expert 8.0.6 Z{43E 47 e g 18 434 . Herh £ i
HHEAXT .

DMD( %)= (M1-M2)/M1x100;

K. DMD AR ST W BT T Ak 5 52 5 {8
(%) ;M1 N EARIR T B A (g) s M2 HARTH
e T TR (g) .

RS(mg/g DM)= [ (axOD,+b) xDx
V-(ax0D,+b) x17.6 ]/ (wxDM) ,

A RS R GARAR S I JEHE R il 5 5 2 Ry b A
M2 nl )3 R %0 b Sy bR it 2k 03 R % OD, Ok 4
AN 50 E A OGBS (OD) {H ; OD, T ki 25
FIE Y OD {8 ; D S FE MR BAEH; V e AR
w A B A A N R R A o B DM R IR A
a1 T B i

21 HABEXR-EH-ZHEFERD RE
RMEMRIELER

1~ 3 JEIH& RS AR VS I 6 Fofr PR il 6T 38 M R
TP B AR S E R AR 7, R
ATAL, 38 J5ORE R 0 AN 0 5 A R R (B A
SO | B TR | 4T 4 22 0 A 0 A5 B
T2 G a3 Bl B —H i 2 0wl 5 o & 119 32 20
BN, 3 JEORE R R B A T T B AR R
P 2K G BRI R 3 Y B~ 68 R A
TN 4.00 U/g B, T4 0I5 Ak R 4 = 1 5 =
K 0.74% ; BEARVRR oo—>f> LA G i i 38 o, 348
TR R J3C S R0 T 0 J5 7 A 3R 4 v (i 2 22 B S 4
Jo B AIG B A, 2 o= 2 FLOBE A B A BN
6.40 U/ g}, i JFORE R i E AN+ 4 B T AR 32 o 1
K KAE ST M 4.51 mg/g Fl 0.57% ; Bifi ) B SR i
it 5 00 R RS, 40 T A R s B RG n T
JEOWR R T i 52t S 3 I i BRI A 3, Y R T i O
TS 3.20 U/g B, i J5BE B i & 35 i K E
2.84 mg/g,

Wt 6 Ff B I A AR S Az ik 56
BRI A N7 A TR B R RN A S5 Ak R AR
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B FLRA B VS A (B ) R N O R B A A 11.50 U/g, BT R MBS 4.27 3.76 U/g, -4 K il
PR ARG R R B e KA M T LR 6.21.8.79 U/g, B—H R KT 6.42 4.55 U/g, a—
PR EHBRRME, 1 ~3 AW XSt o Fheafgny 2L M i 7.88,6.24 U/g, R I WG 3. 78,
PTG (3R 8 M3 9) 435l . REEWERET.56,  5.95 U/g,

&7 1~3 EARAIGHEREM 6 MR ERBERBMENTYRELERSENZM
Table 7 Effects of supplementation with 6 kinds of enzymes on reducing sugar release and improved dry matter

digestibility in diets for broilers from 1 to 3 weeks of age

i H Items % & Content

AR BHEEASINH Addition of xylanase/(U/g) 0.50 1.00 2.00 4.00 8.00
A JFE B RS Reducing sugar release/ (mg/g) 0.53 4.96 7.02 9.93 13.75
¥ B AL 22 5 {5 Improved dry matter digestibility/ % 0.07 0.09 0.12 0.28 0.39
B B WEBGZR N Addition of B-glucanase/ (U/g) 0.25 0.50 1.00 2.00 4.00
I JF BB Reducing sugar release/ (mg/g) 0.68 2.22 3.63 5.31 8.05
TY i b R 42 5 {8 Improved dry matter digestibility/% 0.43 0.60 0.91 1.24 1.55
YR BN Addition of cellulase/ ( U/g) 0.50 1.00 2.00 4.00 8.00
I JEE RS A Reducing sugar release/ (mg/g) 7.68 10.28 12.00 14.61 15.34
T BH AL R HE 5 Improved dry matter digestibility/ % 0.06 0.43 0.64 1.02 1.51
B—H & BB RN Addition of B-mannanase/( U/g) 0.50 1.00 2.00 4.00 8.00
I8 JFBE RS R Reducing sugar release/ (mg/g) 0.31 0.68 1.69 1.99 2.42
T FIH AL R HE 5 Improved dry matter digestibility/ % 0.08 0.10 0.39 0.74 0.19
a—FFLBH EE R IN I Addition of a-galactosidase/ ( U/g) 0.80 1.60 3.20 6.40 12.80
I8 JFBE RS R Reducing sugar release/ (mg/g) 1.16 2.08 3.75 4.51 3.22
T AR S Improved dry matter digestibility/ % 0.31 0.37 0.57 0.57 0.19
SRIRE 7 I Addition of pectase/ (U/g) 0.40 0.80 1.60 3.20 6.40
B JFHE R Reducing sugar release/ (mg/g) 0.74 1.12 1.83 2.84 1.52
T AL R S Improved dry matter digestibility/ % 0.31 0.51 0.70 0.76 0.98

®8 1-~3 FRABREAMRPRMEHFERERREN XERFE
Table 8 Quadratic regression equation of reducing sugar release with enzyme supplementation in

diets for broilers from 1 to 3 weeks of age

v N b A= =)

- VR L) — 3K R Sl SRR
Items Quadratic Fegression equation of Optimal addition/ reducing sugar

reducing sugar release (U/g) release/ (mg/g)
AR BERE Xylanase y=-0.234 9x*+3.553 6x+0.227 8,R*=0.950 2 7.56 13.67
B— B M B-glucanase y=—0.367 6x>+3.402 5x+0.269 6,R*=0.985 1 4.27 8.14
2 4 K 1§ Cellulase y=-0.237 5x*+2.951 0x+6.880 9,R*=0.975 9 6.21 16.05
B— T #% A B-mannanase y=-0.060 9x*+0.781 7x+0.031 5,R*=0.947 6 6.42 2.54
a—EF BT a-galactosidase y=-0.071 8x*+1.131 3x+0.468 5,R*=0.964 5 7.88 4.93
KT Pectase y=-0.190 1x*+1.436 0x+0.122 9,R*=0.985 5 3.78 2.84

4~6 JAWE RS EMLENIN o Ff B BEXT 0 RO R (R R AR RO I | B — ) SR I | 2T 4 K AN 0 1
O AP BOH AR IR R E AR ILE 10, R BAERm B hE  FRR REn g - H 82 XK
R, 6 FHEAEEAR INE] 4~ 0 JA R IR AR R 00 JEORE B B VR0 AR 2 20 G i JRORE R R R
B AT BON A R R R RS 1~3 YO AR R (R K S R R
JEERBOHRE, BRI A T e R e B HER RSNy 4.00 U/g W, THBIH AL
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R E IS 0.76% ; B AR o—FFUMHBBEN  FEGRDIRCR B B 8 022 A9 35 0, T8 Bl AL R 48 &
AR B IEIN, 38 JEORE B i R B AL R AR e (BN, T JEORE R A S S S R AR A
ELE 5 B e B I e AR B0 F, M= oy HIRREEAS N 3.20 U/g WF, i JrORERE IR Ik
6.40 U/gif i JEME B R 4.79 mg/g, Bl & AK[E 2.97 mg/g,
o 3.20 U/g B, T BHAL R S EH N 0.59%
®9 1~-3 BARABHARPRMEBH I FYRELRRSEHZREEAE
Table 9 Quadratic regression equation of improved dry matter digestibility with enzyme supplementation in diets for

broilers from 1 to 3 weeks of age

. ., ., R T B e
T B T AL 3R AR e (Y R A AR Ly R7) 1By o e
WiH ) . . . . RN
Quadratic regression equation for Optimal addition/ . .
Items ) dd tter digestibilit (U/g) Maximum of the improved
mprove matter digestiour
P Y g Y & dry matter digestibility/%
KM Xylanase y=-0.003 1x>+0.071 3x+0.022 8,R*=0.973 9 11.50 0.43
B—H] B BEMEF B-glucanase y=-0.089 5x*+0.672 3x+0.286 3,R*=0.996 3 3.76 1.55
241 4 Zil§ Cellulase y==0.019 7x*+0.346 3x—0.006 2,R*=0.979 1 8.79 1.52
B—H & ZE Wil B-mannanase y=-0.042 9x*+0.390 3x-0.177 1,R*=0.955 0 4.55 0.71
a—FF B i o-galactosidase  y=—0.009 7x*+0.121 1x+0.223 7,R*=0.962 4 6.24 0.60
R Pectase y==0.018 9x*+0.225 0x+0.301 4,R*=0.921 3 5.95 0.97

Wi 6 FhEEE AN P AAME ARG T B M (R 11 R 12) 4300 R K R b
PREE 2 A SRR T RN AL SRR B 7.31.11.90 U/g, B—% B WEF,4.53 .3.80 U/g, 4F
5 FCPAEG IS I (B ) R BN O Rl e R R 6.44.8.91 U/g, B-H #E R MG 6. 44,
PR AR IO R R e KA T % 4.55 U/g,a—PRL 17 A% 7.81.6.24 U/g, R I
PEEEERRAE, 4~ 6 A XS RAR F 6 FFEAAGRY  3.79.6.17 U/g,

R 10 4~6 FIRABHEARETIN 6 HABMNTRERHENTYRHURRESENZ N
Table 10 Effects of supplementation with 6 kinds of enzymes on reducing sugar release and improved dry matter

digestibility in diets for broilers from 4 to 6 weeks of age

Ui H Items i Content

AREBEBER I Addition of xylanase/(U/g) 0.50 1.00 2.00 4.00 8.00
A JFBE RS R Reducing sugar release/ (mg/g) 0.57 5.28 7.39 10.34 13.96
T AR P S Improved dry matter digestibility/ % 0.08 0.09 0.12 0.29 0.40
B B WEBGZR I Addition of B-glucanase/ (U/g) 0.25 0.50 1.00 2.00 4.00
I8 JFBE R Reducing sugar release/ (mg/g) 0.72 2.33 3.78 5.47 8.21
T YA R E 1 Improved dry matter digestibility/ % 0.45 0.63 0.95 1.28 1.60
Y RZWEININE Addition of cellulase/(U/g) 0.50 1.00 2.00 4.00 8.00
B JFUMERE i Reducing sugar release/ (mg/g) 8.17 10.83 12.45 14.94  16.07
TH) B AL R4 R {H Improved dry matter digestibility/ % 0.06 0.45 0.65 1.03 1.55
B—H & BB RN Addition of B-mannanase/( U/g) 0.50 1.00 2.00 4.00 8.00
B JFUFERE i Reducing sugar release/ ( mg/g) 0.33 0.71 1.76 2.08 2.53
T¥ B AL 4R = {H Improved dry matter digestibility/ % 0.08 0.11 0.41 0.76 0.20
a—FFLBH R IN i Addition of a-galactosidase/ (U/g) 0.80 1.60 3.20 6.40  12.80
I JF RS Reducing sugar release/ (mg/g) 1.23 2.18 3.90 4.79 3.30
T AR S Improved dry matter digestibility/ % 0.32 0.39 0.59 0.59 0.20
RIREFZ N Addition of pectase/(U/g) 0.40 0.80 1.60 3.20 6.40
I JFRE RS Reducing sugar release/ (mg/g) 0.77 1.16 1.91 2.97 1.60

¥y AL %48 & {H Improved dry matter digestibility/ % 0.32 0.55 0.72 0.78 1.02
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Table 11 Quadratic regression equation of reducing sugar release with enzyme supplementation in
diets for broilers from 4 to 6 weeks of age
o A B L s R i JEORE R B B R (E
. SRR 9 0K L 7 Rfpmg SRR
) Quadratic regression equation of Optimal addition/ .
Items ) reducing sugar
reducing sugar release (U/g)
release/ ( mg/g)
KRB Xylanase y=-0.255 9x°+3.740 1x+0.276 2,R*=0.944 8 7.31 13.94
BT M B-glucanase y=-0.387 3x*+3.510 8x+0.314 0,R*=0.983 7 4.53 8.27
214 il Cellulase y=-0.218 5x*+2.812 5x+7.496 4,R*=0.971 4 6.44 16.55
B—H #& R Wi B-mannanase =-0.063 3x*+0.815 0x+0.032 2,R*=0.948 3 6.44 2.66
y
a—F-F M H I a-galactosidase  y=-0.076 9x*+1.202 0x+0.472 7,R*=0.973 2 7.81 5.17
SIS Pectase y==0.197 1x*+1.493 8x+0.129 8, R*=0.991 6 3.79 2.96

K12 4~6 B ABREARPFMEHFFHORBELERSENZR

B35

Table 12 Quadratic regression equation of Improved dry matter digestibility with enzyme supplementation in

diets for broilers from 4 to 6 weeks of age

oo e
. TR R R Er R Rt e AR
Items Quadratlc regression ec.luatl(.)n. for Optimal addition/ improved dry matter
improved dry matter digestibility (U/g) digestibility, %

KRB Xylanase y=-0.003 0x>+0.071 4x+0.026 4,R*=0.974 1 11.90 0.45
B—H R WE R B-glucanase y==0.089 0x*+0.676 2x+0.310 9,R*=0.995 6 3.80 1.60

£ 4 Z W Cellulase y=-0.019 5x*+0.347 3x—0.004 4,R*=0.976 8 8.91 1.55
B—H # WA B-mannanase  y=—0.044 0x>+0.400 4x—0.177 9,R*=0.960 8 4.55 0.73
a—FFLAETTE o-galactosidase y=-0.009 7x*+0.121 1x+0.223 7,R*=0.962 4 6.24 0.60

SR Pectase y=-0.018 2x*+0.224 7x+0.319 8,R*=0.907 3 6.17 1.01

22 MRz EEEPEBER G ESH

FIH AT R 1~ 3 JE 4 1)k v i a0 45 1
AT R Z ot IR HLE XK 4 B RS T O 22
ST IE AR BIBERL A IR Z e H TR .

W JFOHERE T (Y1, mg/g) = 2.725 67-0.521 16A+
3.165 43B+0.607 42C+1.312 79D-1.074 19E—
1.479 4F-7.28x10°AB+8.38x10°AC+
1.78x10°AD+0.044 454AE-0.029 495AF—
0.062 325BC-0.101 24BD+0.031 106BE+
0.175 97BF-0.035 569CD-0.101 44CE+
0.029 338CF-0.039 654DE+9.22x107"'DF+
0.079 743EF+0.019 051A*-0.307 78B°+
0.046 989C*-0.025 367D°+0.078 357E*+
4.87x107°F?,;

TW AR (Y2, %)= -3.172 76+
0.373 39A—-1.881 47B+0.647 78C+1.379 28D+
0.961 89E-1.277 36F-8.01x10*AB—
0.024 41AC+2.72x107°AD-0.049 307AE+

0.010 221AF-3.34x107°BC+7.67x10*BD+
0.081 488BE+0.242 54BF-3.38x107°CD—-
0.033 22CE+0.011 713CF-0.085 032DE—
0.035 362DF+2.11x10 7 EF+9.81x107° A%+
0.031 6B°-0.017 916C*—0.044 174D°—
0.014 374E°+0.033 529F*
KA B .C.D E.F 3 ilRERAREN B~
EE L N S NS 3 NS SR A
filg | SR il () TS I
W SRR T i Y 22 e LR 13, T T
AL B E R 7 20 0 WL 3R 14, BRI H1, 6 Fp
NSP Jigfil 76 1~ 3 JA i XS RR b R AL 5
BSUERT AL, 2 DBIRLE) PAEYY/NT 0.000 1, Hfk
AT P>0.05 , F AR B3, I H BN R 5 52
R de $00 6 72 B2 AL Af 0 T AT A A Y o
SRR FICIEDE R R IR T 0.9, R WA
RUFOIA 5 S Bl 90 45 R BA R4 ARG E, 2
AT T 5% 22 - J7 AN T E R 0,01, BE
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NG LG TR R B SRS B A i
S, AT A iR B A T o Ak R R K
PLik NSP B A Wit H A I8 Db RS s i A T4
B A A48 s E A LAk F8 % , R FH 8K 4 Design-Ex-
pert 8.06 Xf 77 FEAE A FEAT 007, 15 B A S B0 5

00 e R 6 Fh NSP i BE 3 2 K BB i
11.40 U/g B - R Wi 3.76 U/g, £F 4 R i
8.52 U/g B—H B RHHAS. 19 U/ g a—F FLHE 1 il
6.24 U/g B HEL.60 U/g, I 8 JFOB B i i
9.71 mg/g . TWHIHL RS = E N 2.86 %,

R13 1-3 FIRABERERERMEN D RAKREST ES

Table 13 Regression model variance analysis of reducing sugar release in diets for broilers from 1 to 3 weeks of age

IR S5 R G 5 F1ii P1A
Sources Sum of squares . Mean square F-value P-value
[ JF R Regression model 9.82 27 0.36 4 715.00 <0.000 1
A 0.47 1 0.47 6 132.49 <0.000 1
B 0.33 1 0.33 4 263.73 <0.000 1
C 0.39 1 0.39 5 089.25 <0.000 1
D 4.17x107* 1 4.17x107* 5.40 0.028 2
E 0.21 1 0.21 2 709.40 <0.000 1
F 0.14 1 0.14 1 788.63 <0.000 1
AB 5.00x107 1 5.00x107 64.80 <0.000 1
AC 0.58x107" 1 0.58x107" 749.06 <0.000 1
AD 2.76x107° 1 2.76x107° 35.72 <0.000 1
AE 0.66 1 0.66 8 495.12 <0.000 1
AF 0.51 1 0.51 6 609.99 <0.000 1
BC 0.16 1 0.16 2 032.05 <0.000 1
BD 0.22 1 0.22 2 822.58 <0.000 1
BE 0.32x107" 1 0.32x107" 408.31 <0.000 1
BF 0.89 1 0.89 11 548.37 <0.000 1
CD 0.23 1 0.23 3 040.46 <0.000 1
CE 1.46 1 1.46 18 947.44 <0.000 1
CF 0.43 1 0.43 5 602.47 <0.000 1
DE 0.12 1 0.12 1 524.20 <0.000 1
DF 1.13x107* 1 1.13x107" 1.46 0.238 1
EF 0.64 1 0.64 8 347.38 <0.000 1
A® 0.90 1 0.90 11 611.16 <0.000 1
B? 0.56 1 0.56 73 00.58 <0.000 1
c? 1.00 1 1.00 12 959.57 <0.000 1
D? 0.81x107" 1 0.81x107" 1 046.64 <0.000 1
E? 0.45 1 0.45 5 862.89 <0.000 1
F’ 5.47x107 1 5.47x107 70.86 <0.000 1
5% 2% Residual 2.01x107* 26 7.72x107°

Je I Lack of fit 2.01x107° 21 9.55%x107° 1.59 0.264 3
#fi{% 2% Pure error 0 5 0

2= Cor total 9.83 53

PLE REL R 0.999 8

KIEPE R B R, 0.999 6

AR R CV 0.001 1

A B .C.D.E.F 73 SMCRARNERG B RWE N L7 48 R B—H 85 RMME o—FFUWE T M CRICHE . FaRF,

A, B, C, D, E and F represented xylanase, -glucanase, cellulase, 3-mannanase, a-galactosidase and pectase, respective-

ly. The same as below.
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Table 14 Regression model variance analysis of improved dry matter digestibility in

diets for broilers from 1 to 3 weeks of age

P37 TR 1 EE df by F1{H PH
Sources Sum of squares Mean square F-value P-value
[a] T4 7 Regression model 5.37 27 0.20 412.80 <0.000 1
A 1.50x107* 1 1.50x107* 0.31 0.581 5
B 0.73x107" 1 0.73%107" 150.78 <0.000 1
C 0.32x107" 1 0.32x107" 65.50 <0.000 1
D 0.16 1 0.16 335.84 <0.000 1
E 1.35x107* 1 1.35x107° 2.80 0.106 0
F 0.17 1 0.17 342.69 <0.000 1
AB 6.05x107° 1 6.05%107° 12.57 0.001 5
AC 0.49 1 0.49 1017.78 <0.000 1
AD 6.40x107° 1 6.40x107° 13.29 0.001 2
AE 0.81 1 0.81 1 674.9 <0.000 1
AF 0.61x107" 1 0.61x107" 127.21 <0.000 1
BC 4.50x107* 1 4.50x107™* 0.93 0.342 6
BD 1.25%107° 1 1.25x107° 2.60 0.119 2
BE 0.22 1 0.22 449.07 <0.000 1
BF 1.69 1 1.69 3 515.75 <0.000 1
CD 2.11x107° 1 2.11x107° 4.39 0.046 1
CE 0.16 1 0.16 325.66 <0.000 1
CF 0.69%10™" 1 0.69x10™" 143.11 <0.000 1
DE 0.54 1 0.54 1123.18 <0.000 1
DF 0.17 1 0.17 343.33 <0.000 1
EF 4.50x107* 1 4.50x107* 0.93 0.342 6
A’ 0.24 1 0.24 493.19 <0.000 1
B® 5.94x107 1 5.94x107 12.33 0.001 6
c? 0.15 1 0.15 301.95 <0.000 1
D* 0.24 1 0.24 508.64 <0.000 1
E’ 0.15x107" 1 0.15%107" 31.62 <0.000 1
F 0.26 1 0.26 537.42 <0.000 1
5%2% Residual 0.13x10™" 26 4.82x107*

AT Lack of fit 8.44x107° 21 4.02x107* 0.49 0.884 7
4li{% % Pure error 4.08x107 5 8.17x10™"

B2 Cor total 5.38 53

e R R 0.997 7

FCIEDE R AL R, 0.995 3

B RECV 0.012 8

IR AIC A 5k X6F TR R 4~ 6 s T e o A At 6
Rtk Z o BUALE, X3 6 18 47 7
MR SRR R R Z ot D5 N

W JFBE R R (Z1, mg/g) = 8.574 68—
1.834 384-0.940 97B+1.618C-0.643 64D+
0.323 41E+1.863 73F+0.172 31AB—

0.033 406AC+0.080 02AD+7.87x10°AE+
0.089 862AF-0.095 316BC+0.496 78BD+
0.254 9BE-0.013 591BF+0.025 475CD-
0.068 524CE-2.12x107°CF-0.010 44DE—-
0.085 259DF—0.094 737EF+0.025 556A° -
0.492 18B*-0.046 388C*-0.155 31D*—
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0.038 612E°-0.134 43F*;

T FIH AL R (22, % ) = —2.049 66—
0.018 376A+0.823 29B-0.139 02C—
4.22x107°D+0.978 99E-0.817 91 F+

0.016 712AB+5.18x10*AC-1.08x10AD—

0.028 616AE+7.42x10AF+0.084 265BC+

0.047 872BD-0.020 168BE+0.128 76BF—

2.68x107°CD-0.019 293CE+0.015 184CF+

0.018 27DE+0.041 657DF-6.20x10° EF+

8.94x107°A%=0.236 27B*-9.41x107°C*-

0.038 652D*-0.041 31E*-0.010 533F°,

KA B .C.D.EFinilERRNE B
HIRMENG TR BT R RN a2 AL BE Y
iy | SR il () TS

W JEWE R B 7 25 3 i L3R 15, T B iH
AR EE EE I T 22 0 7 WL 3% 16, i & mT A1, g il
FIAEA ~ 6 J8 % 1) AR v 52 TE B AR Ak 55 56 0k T A 2

AR P /N T 0.000 1, Hop &5 P>
0.05, F IR BUA B35 I H [l 348 5 S FRial 55
AR BB AT 00 5 ik T AR BEAU Y T E R K
R* AR IE Y R B R, YK T 0.9, 3% BAST AL i )
{H 5 S BRil 56 25 R B A R AP A e, 2 A
P 5% 22 5777 T/ T 0,06, 0L & R 4F, A
WA BAT Ge T2 2 S0, v FH 3 T R ikt Fn T
Yy BT AR AR (R A NSP BEE A B, MR
I T R T R0 T 4 0T A R AR i A T Ak 4
b, B # AT Design-Expert 8.06 X} J5 R 451 AU 33 47
SR, A3 BB AE SRR L Y 6 B NSP il il
TR A RAHET 11.90 U/g B—H R 5.26 U/g,
YR 8.32 U/g B—H EE R WEME 7.96 U/g.a—
EFLWET S 6.29 U/g RIKHE 6.17 U/g, BEIFE 5
BRERCEE R 10.45 mg/g T 9 I AL %42 =5
2.95%

R15 4~6 BiRABRAMERERNENEIFEE T EZ5H

Table 15 Regression model variance analysis of reducing sugar release in diets for broilers from 4 to 6 weeks of age

KU S5 ¥77 F{H P{H
FI i df

Sources Sum of squares Mean square F-value P-value
[F]JH 455 Regression model 47.85 27 1.77 3 543.99 <0.000 1
A 0.25 1 0.25 500.13 <0.000 1
B 1.89 1 1.89 3 773.80 <0.000 1
C 0.18 1 0.18 353.58 <0.000 1
D 0.20 1 0.20 392.35 <0.000 1
E 0.24 1 0.24 475.93 <0.000 1
F 2.57 1 2.57 5134.39 <0.000 1
AB 2.69 1 2.69 5 381.54 <0.000 1
AC 1.15 1 1.15 2 294.86 <0.000 1
AD 7.70 1 7.70 15 398.78 <0.000 1
AE 0.24x107" 1 0.24x107" 48.39 <0.000 1
AF 7.74 1 7.74 15 481.74 <0.000 1
BC 0.24 1 0.24 476.02 <0.000 1
BD 3.78 1 3.78 7 561.29 <0.000 1
BE 1.29 1 1.29 2 587.40 <0.000 1
BF 4.51x107° 1 4.51x107° 9.02 0.005 8
CD 0.11 1 0.11 225.59 <0.000 1
CE 0.53 1 0.53 1 060.73 <0.000 1
CF 2.50x107* 1 2.50x107° 5.00 0.034 2
DE 7.20x107° 1 7.20x107° 14.40 0.000 8
DF 1.18 1 1.18 2 355.85 <0.000 1
EF 0.95 1 0.95 1 890.32 <0.000 1
A’ 2.99 1 2.99 5973.01 <0.000 1
B’ 0.72 1 0.72 1 438.35 <0.000 1
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K ST ¥ior P{H

BB df
Sources Sum of squares Mean square F-value P-value
C? 0.82 1 0.82 1 644.70 <0.000 1
D? 3.15 1 3.15 6 303.83 <0.000 1
E’ 0.82x107" 1 0.82x107" 164.55 <0.000 1
F 6.00 1 6.00 12 006.41 <0.000 1
72 Residual 0.13x107" 26 5.00x107"
JE LI Lack of fit 0.11x10™ 21 5.46x107" 1.78 0.271 8
4li{% 2% Pure error 1.53%107 5 3.07x107*
K2 Cor total 47.86 53
e REL R 0.999 7
ROIEDE REL R 0.999 4
BRAK CV 0.002 7

Fz16 4~6 AR ABREARTURENERSENEFERFEDH
Table 16 Regression model variance analysis of improved dry matter digestibility in diets for

broilers from 4 to 6 weeks of age

P 3 - J5 AN , ¥ 5 F{& P{H
H B df

Sources Sum of squares Mean square F-value P-value
[F] 9 #27 Regression model 3.53 27 0.13 62.94 <0.000 1
A 0.18 1 0.18 86.72 <0.000 1
B 3.04x107° 1 3.04x107° 1.46 0.237 6
C 0.35 1 0.35 169.74 <0.000 1
D 7.70x107° 1 7.70x107° 3.71 0.065 2
E 4.17x107* 1 4.17x107* 0.20 0.658 1
F 0.45 1 0.45 216.97 <0.000 1
AB 0.25x10™" 1 0.25x10™" 12.18 0.001 7
AC 0.28x107" 1 0.28x107" 13.28 0.001 2
AD 1.41x107? 1 1.41x107° 0.68 0.418 3
AE 0.32 1 0.32 153.94 <0.000 1
AF 0.53x107" 1 0.53x107" 25.41 <0.000 1
BC 0.19 1 0.19 89.50 <0.000 1
BD 0.35x107" 1 0.35x107" 16.89 0.000 4
BE 8.10x107° 1 8.10x107° 3.90 0.059 1
BF 0.40 1 0.40 194.83 <0.000 1
CD 1.25x107* 1 1.25x107° 0.60 0.445 1
CE 0.42x10™" 1 0.42x10™" 20.23 0.000 1
CF 0.13 1 0.13 61.48 <0.000 1
DE 0.22x107" 1 0.22x107" 10.61 0.003 1
DF 0.28 1 0.28 135.30 <0.000 1
EF 4.05%107° 1 4.05x107° 1.95 0.174 6
A? 0.37 1 0.37 175.77 <0.000 1
B’ 0.17 1 0.17 79.74 <0.000 1
(o 0.34x107" 1 0.34x107" 16.28 0.000 4
D* 0.20 1 0.20 93.93 <0.000 1
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A df
Sources Sum of squares Mean square F-value P-value
E’ 0.94x107" 1 0.94x107" 45.31 <0.000 1
F* 0.37x107" 1 0.37x107" 17.73 0.000 3
524 Residual 0.54x107" 26 2.08x107°
JAUT Lack of fit 0.46x10™" 21 2.19x107 1.34 0.401 9
4l 2 Pure error 8.15x107* 5 1.63x107°
K Cor total 3.59 53
YeE R R 0.984 9
KIESE REL R, 0.969 3
BRERE CV 0.026 6
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Fig.2 Effects of interactions between B-glucanase (B) and cellulase (C), B-glucanase (B) and B-mannanase (D), and

a-galactosidase (E) and pectase (F) on improved dry matter digestibility
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Optimization of Non-Starch Polysaccharide Complex Enzymes Added to
Corn-Soybean Meal-Miscellaneous Meal Diet for Broilers by
Extracorporeal Bionic Digestion Method

LIU Shengli' LIU Shijie® WANG Shubai’* LIU Wenlong' MA Chuanxing' GUO Qingwen'
WANG Xingji' ZHANG Mingchao' CHEN Hongwei'

(1. Shandong Lonct Enzymes Co., Ltd., Linyi 276400, China; 2. College of Polymer Science and Engineering, Qingdao
University of Science and Technology, Qingdao 266042, China; 3. College of Animal Science and
Technology, Qingdao Agricultural University, Qingdao 266109, China)

Abstract ; The purpose of this study was to explore the optimal combination zymogram of 6 kinds of non-starch
polysaccharide enzymes ( xylanase, B-glucanase, cellulase, B-mannanase, a-galactosidase and pectase) added
to broilers’ corn-soybean meal-miscellaneous meal diet by response surface method. The in vitro digestion test
simulated gastrointestinal fluid by the third generation monogastric animal simulate digestive system ( SDS-1I ).
Using a single factor completely random design, every 5 levels of 6 non-starch polysaccharide enzymes were
added to the corn-soybean meal-miscellaneous meal basal diet for broilers and each level was repeated for 5
times. The best addition level of single enzyme was determined by the reducing sugar release (RS) and im-
proved dry matter digestibility (IDMD). Based on the above results, the software Designed-Expert 8.06 Box-
Behnken response surface method was further used to design the 6 factors and 3 level L.,(3°) test, and the 6
kinds of enzymes were compounded and combined. RS and IDMD were used as response values to determine
the optimal combination enzyme spectrum of 6 kinds of enzymes. The results showed that the optimized zymo-
gram of 6 kinds of non-starch polysaccharide enzymes in corn-soybean meal-miscellaneous meal diet for broil-
ers aged 1 to 3 weeks was 11.40 U/g xylanase, 3.76 U/g 3-glucanase, 8.52 U/g cellulase, 8.19 U/g 3-man-
ganase, 6.24 U/g a-galactosidase and 1.60 U/g pectase, and the RS and IDMD were 9.71 mg/g and 2.86%
respectively by the reaction catalyzed by this zymogram. Under this condition, the experiment was repeated 3
times, the RS and IDMD were 9.59 mg/g and 2.81% respectively, and the error with the theoretical optimal
value were 1.24% and 1.75% , respectively. These showed that the zymogram could reflect the good results of
RS and IDMD. The optimized zymogram of 6 kinds of non-starch polysaccharide enzymes in corn-soybean
meal-miscellaneous meal diet for broilers aged 4 to 6 weeks was 11.90 U/g xylanase, 5.26 U/g 3-glucanase,
8.32 U/g cellulase, 7.96 U/g B-manganase, 6.29 U/g a-galactosidase and 6.17 U/g pectase, and the RS and
IDMD were 10.45 mg/g and 2.95% respectively by the reaction catalyzed by this zymogram. Under this condi-
tion, the experiment was repeated 3 times, the RS and IDMD were 10.34 mg/g and 2.92% respectively, and
the error with the theoretical optimal value were 1.05% and 1.02% , respectively. These showed that the zymo-
gram could reflect the good results of RS and IDMD. To sum up, the optimal zymogram of 6 kinds of non-
starch polysaccharide enzymes in diet for broilers aged 1 to 3 weeks was 11.40 U/g xylanase, 3.76 U/g B-glu-
canase, 8.52 U/g cellulase, 8.19 U/g B-manganase, 6.24 U/g a-galactosidase and 1.60 U/g pectase, and in
diet for broilers aged 4 to 6 weeks was 11.90 U/g xylanase, 5.26 U/g -glucanase, 8.32 U/g cellulase,
7.96 U/g B-manganase, 6.29 U/g a-galactosidase and 6.17 U/g pectase. [ Chinese Journal of Animal Nutri-
tion, 2020, 32(3) :1362-1381 ]

Key words: broilers; corn-soybean meal-miscellaneous meal diet; non-starch polysaccharide enzyme; reduc-

ing sugar; dry matter digestibility ; zymogram
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