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Table 1 Composition and nutrient levels of

the diet for ducks %

Ui H Items
JERH X T 2R ) Ingredients ( air-dry basis)

4 & Content

F K Corn 70. 34
5k Soybean meal 23.95
DL — FE % ik DL-Met 0.07
L - #%8 L-Lys 0. 04
IR 85 CaHPO, 1.68
1%y Limestone 1.20
£k NaCl 0.30
5.7l Soybean oil 1.42
Wik Premix" 1.00
41t Total 100. 00

B FIKE(FY FEEAL) Nutrient levels (DM basis ) ?

T DM 89.68
R ME/ (MJ/kg) 12.34
M H R CP 16.53
Mg EE 4.96
HJE 4 Ash 5.66
L4k CF 2.14

VTR kL A BT 53 G AR 2 4E The premix provided the
following per kg of the diet; VA 2 500 IU, VD 400 IU, VE
10 IU, VK, 0.5 mg,VB, 1.8 mg,VB, 4.0 mg,VB, 3.0 mg,
VB,, 0.007 mg, JZ i pantothenic acid 11. 0 mg, { R nico-
tinic acid 55. 0 mg, M- #2 folic acid 0. 5 mg, 4= #) & biotin
0.12 mg, &AL JHHH choline chloride 750 mg, Cu (as copper
sulfate) 8 mg,Fe (as ferrous sulfate) 80 mg,Mn ( as manga-
nese sulfate) 60 mg,Zn (as zinc sulfate) 40 mg,I (as potas-
sium iodide) 0.35 mg,Se (as sodium selenite) 0.15 mg,

DA AE NS, oA I SEIIfE . ME was a calculat-

ed value, while the others were measured values.
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10 L6 FAT R B v, -4 pH IR 2 7. 05 e il
0.1 mol/L .pH 7.0 [BEMREZ S il 3 L 45 . B
RIS 25 B W 4 L 2245 i K T T
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200 HZ A ugiR A Je , A W A B 6 mL Ji I
Sr%T 1 mL g0 SR 1 009 Ak 1 T R A
SRR RS I 4 7 4% 1 000 mL, &
335 70 % B R i e 1 T 0Kk T G818 I A T
FEIA pH 7.0 M AR BR B2 1A WK 2 333 mL, 5847
WPHR A, 4 CUKA % & 30 min J5 T4 000 r/min
B30 20 min, ¥ IR, UUTE A > #0. 1 mol/L . pH
7.0 MIREIRERZ PR A0 T S I ) O A K b B
AT 375 B 42 10 I 35 3 B 48 v 3 4 B UK
EIE, & A BE M g Ak R 483 200 min (JHrp
40 min x2 ¥ 0.1 mol/L .pH 7. 0 B#E R IL 2% ik
BT ,40 min x3 R A B FKBEN) , EBHEE R G H
LGJ -4 VR T AL Uk T 8 i LS =5 g W TH A1k il
Ll
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BRIt iz il 4 L A2 T oK Tl
AR R G, 242 200 HZb Ak g, 1R 51 J5 B L 6 mL
W T 1 mL B0, 3R, I AR T PR S
MR, HAaMW I 4 5545545 1 000 mL, 5]
A LGJ -4 Y R TEHLFE R T, v VR R 4 AR B 2
23 b bR AEB FRERE, 2 EIAC %
IFENT AR R ENTE T, HE A SN dib RS 5
Hr 200 min(40 min x5 R E B F/KENT) . EN)G
Ak2 F VR T BL R T R TR RS 23 i VU Ak T
Bl
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WAIH AR ), B EH A H S g A G4 LRGP
Wb A 45 mL Jo/K S/, A fhik, ek 3
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o — JEMEG(EC. 3.2. 1. 1) 3 M DL AT M 0 ¥
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v BA BT 1 5 B2 1 T T M DA - SRR — L~
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F 5 P 5 B A 1 TS 1 L P B — L - R R TR
(BTEE) Jg Myt 47 00 ", 6 2 1 T 3% v oo
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BE R (% ) =100 x [ 7 800 AL EER 77
BRI (mg/g) x IR B E (g) 1/
[ Wi b HE % (mg/mL) x AR (mL) ],
R KO B M = bR 22 %R, R ] SAS
9.1.3 Gt X R BR B UTIE — BT — K Tk S
IR SE — BT — RT3, IR LT - BT -
YT - s SRR 4 — BT - R T - Bl
1H] 44 BRI 2 T YIS A T 70 78 8 A T 1 5 i
AR VR B 5 )RR R B4 B
TEPIREA Y T A3, P <0.05 NS B3,

2 HBRESWN
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HIZE 2 AL, DA 2 Aol 5 35 ] 45 19 05 25 i T AL
it Ho 790 0 AL B TG VB 22 R R IRIR WA - B
A — PRk o 1 R T A R R I JBE B A
TEB G ) HU R R B DUBE — B AT — R T
BT AR K 27.9% 12, 1% F134.8% (P <
0.05) ARl e — BT - IR Tk SR U -
BT — VR IE A BRI 3 I A I 1 1o
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Table 2 Activity and recovery rate of digestive enzyme, concentration and recovery rate of total protein and

chemical composition content of duck jejunal digestive enzymes power using ( NH, ), SO, -dialysis-freeze

dried method or concentration-dialysis-freeze dried method

BRI UUHE — BT — VR Tk
(NH, ), SO0, -dialysis-freeze

R e i — BT — Ui Tik

Concentration-dialysis-freeze

gE| dried method dried method Py
Items P-value
FEIME i BRARE P R TR AR
Mean = SD CV/% Mean = SD CV/%

TH AL BTG P Digestive enzyme activity/ (U/g)

JBe3E 1 # Trypsin 3037.2£169.5
BE T H B Chymotrypsin 598.9 +35.4
VEF B Amylase 6 349.7 £225.2
SE-Y4{E Mean

TH AL 5 R Recovery rate of digestive enzyme/ %

J#E%E F /i Trypsin 65.3 £4.9
B % [ i Chymotrypsin 58.1+3.3
UEAS A Amylase 53.3+6.3
SE-Y4{H Mean

IR B M Total protein concentration/ (mg/g) 296.3 £17.5
BV E R Recovery rate of total protein/%  65.0 £2.5

A2 o & e (4 i3k ad ) Chemical composition content ( DM basis ) /%

HEH CP 38.6+0.3
FJK 4 Ash 18.2 £0.5
Hg W EE 7.3+0.9

5.6 3884.5+123.3 3.2 0.000 2
5.9 671.5x41.7 6.2 0.037 9
3.6 8 556.4 £287.5 3.4 <0.000 1
5.0 4.3

7.5 88.2+3.4 3.9 0.000 3
5.7 67.0+4.6 6.9 0.019 8
11.8 71.8+2.9 4.0 0.001 7
8.3 4.9

5.9 301.6 £22.3 7.4 0.103 2
3.8 73.2%2.9 3.9 0.006 2
0.9 35.5+0.9 2. 0.045 2
3.0 10.9+0.9 8. <0.000 1
12.2 6.7+0.8 11.7 0.076 1

2.2 RERE-BW-FT-MREEEWEBE
TR - EW - HRT - BiBE A1 NG i7 ik B 4 U B9
HUEEEEOKRER CEARESERER
HERSEERLR

FER MR e 4 — BT — VR Tk 5 B R B4 DT
PE — BT — VR Tk G = R A R R )
S B 7R AT IS B, A 1S E LA 2
PR 25 15 3R AT 0k SR RIS s &5 i 72 6. 6% LI I
(£2). L, xF Bk 2 Ry kil 5 Ak 755K HJC
K S IR AR FL, DASK AR B 70 i 17 A 5 i, 3

e TH AT A 5 1, i — 0 HO B 2 ML SR 407 ik Y
Z5te AR 3 L, RIER WA - & - KT -
O 1 5 1853 790 A R AR R A I 1
FUBRAR B UTHE — Z AT — R+ — WL 1% B il 4 3 59
B 7.9%F111.5% (P <0.05) , i 58 8 [ il 9 355
ZR AL (P>0.05), RN - B - K
T - BIRE SRRV - & - KT - BRI
il # B A R 3 b T A e T A 1 F- 2 S R o)
BN 3.9% 5 4.2% o LEIHACHE R B AR R WK
A5 — BT - UR T — TN s A R A 1 B Al
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A B [ YT 6 40 91 HU B R B LT — 1B T — 0
T = LR E BT i &5 B 1 5 43. 9% F139.4% (P <
0.05) , MBEHE A MEERIKRRER REE (P>
0.05) . MKW — BN - BT - BIRE S 6
B UTTE — 3BAT — R T — AR & & 8 350 vh 3 Fof
TH ARG B 2 1 P32 22 5 R 9. 0% 5
9.9% . 2 PiCHAR 4l 5 % 4 1k ) 26 SR R
I EMEZES (P >0.05) {H7E 85 E E i

R3 MEBRILRE-BF

-HTF -BiRESRIERE - B -

b AR - B - BT - BE kB TR
PREZDIIE — BT — R T - WAL (P <0.05) , 7E
2 RO IR A R T2 B4y & B 22 53 1 (R
weds — BT - kT - HRHE%?EJ%E’J%;M’“*EQEI
J SRR 3 i B R TR IR B DUVE — BT -
T — AR Bl 28 8 ¥ (P <O. 05) 1M 2 7k
W&k RGN & B E R EEE R (P >
0.05) .

FHF -BIEFRBEEHEECERT N ELEEES

B R DEARESEKNERUERSSENER

Table 3 Activity and recovery rate of digestive enzyme, concentration and recovery rate of total protein and chemical

composition content of duck jejunal digestive enzymes power using (NH, ),SO, -dialysis-freeze dried-defat

method or concentration-dialysis-freeze dried-defat method

TR B ULHE — BT -
T - B
(NH, ), SO, -dialysis-freeze

il e 4 — s M -
B - Wik

Concentration-dialysis-freeze

JH dried-defat method dried-defat method P
Items P-value
FE bR BRARE VI R ERAK
Mean += SD CV/% Mean += SD CV/%
THAL TG 74 Digestive enzyme activity/ (U/g)
i [ i Trypsin 4.107.2 +£136.0 3.3 4432.0 £103.5 2.3 0.009 0
& E B Chymotrypsin 796.0 £55.2 6.9 839.5 +£47.2 5.6 0.276 0
VEW i Amylase 8 584.3 £206.2 2.4 9572.5+£362.5 3.8 0.003 2
SEI{E Mean 4.2 3.9
WAL EE Rt Recovery rate of digestive enzyme/ %
Jigi 55 H B Trypsin 56.4 6.1 10.7 81.1+4.9 6.0 0.000 7
B i Chymotrypsin 50.8 5.0 9.9 60.0+7.2 12.0 0.082 4
VEFI i Amylase 45.3 £4.1 9.1 63.2+£5.6 8.9 0.002 2
SF-14{H Mean 9.9 9.0
BB E M Total protein concentration/ (mg/g) 383.0 £30.5 8.0 345.6+19.5 5.6 0.111 7
BVE B Recovery rate of total protein/%  52.8 £2.0 3.8 67.3 +3.4 5.1 0.008 5
2 o & (T i LAl Chemical composition content ( DM basis) /%
ME 5 CP 42.4 £0.4 0.8 38.8 £0.4 1.1 <0.000 1
K4 Ash 22.4+0.8 3.7 12.2+0.7 5.7 <0.000 1
Mg i EE 2.9+0.4 14.1 3.2+0.3 10.3 0.067 3
WA — TR H R B s & 5. Rl

3 3 i SETENA WO AL A 2 A0 b, TE b B B B L BE

EE AR T, R — ek s R EOERSE AL T 4.5 ~4.6" 10,1 ~

B WUTVE BB T, AR5 38 0B T 2 B R
B S /N R, T RS B B A B AR
P o Z iR UUTE H AR T AT LR M
%%@ﬁ¢mm\&ﬁm%ﬁo%ﬁ1%ﬁﬁm
T Ao BTG A T Y A R R T DD UE AR 1 T, LK

10,5710 8.1 ~ 8.6 SR T o itk B0 R 6 v TRLITL
E Bl AR B VR pH IFAS b 4% T AR il 1Y) A HL
R FHOKE W H & A B R B IS 2
M. I, R REE AR B E RS
JE IR AE T2
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(1 1 P 6 35 8 BG5S 2 8 T 34 % A
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R X UG A 2o AR 0 T 1 B AT RE AT TR 2 IR
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SV A L e D g i D 49% 5
39% , X WER VIR EL VLI — B - K+ - B
o B A S AR PL A ROR HARR e 4 —
BT - R - IR . et — 2P Ry Al fl i e
AR 20 A B R 5 (4 JC AL RE W B, U
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ARE RS YRR S TARIR W4 — B - R T - i
ii=Res
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A Comparison of Methods for Purifing Digestive Enzymes in
Jejunal Fluid of Ducks

ZHANG Li ZHAO Feng® YAN Feng MI Baoming ZHANG Hongfu

(1. State Key Laboratory of Animal Nutrition, Institute of Animal Sciences, Chinese Academy of
Agriculture Science, Beijing 100193, China)

Abstract: This experiment was conducted to compare the difference between ( NH, ),SO,-dialysis-freeze
dried-defat ( ADFDD) method used and concentration-dialysis-freeze dried-defat ( CDFDD) method to purify
the digestive enzymes of jejunal fluid of ducks. A two-sample completely randomized design was adopted.
Eight liters of duck jejunal fluid were divided into 2 groups with 4 replicates per group, and each replicate con-
tained 1 L jejunal fluid. The 2 groups of jejunal fluid were randomly selected to be treated with ( NH, ),SO,-
dialysis-freeze dried ( ADFD) method or concentration-dialysis-freeze dried ( CDFD) method to prepare the di-
gestive enzyme dry powder. Then, the methods of ADFDD and CDFDD were established by defatting the dry
powder, respectively. The activities and recovery rates of digestive enzymes, total protein concentration and
chemical composition content of digestive enzymes dry power prepared by the methods of ADFD and CDFD,
or the methods of ADFDD and CDFDD were compared. The results showed as follows: 1) the activities of
amylase, trypsin and chymotrypsin of dry power prepared by CDFD method were 34. 8% , 27. 9% , and
12.1% , which were significantly greater than those of dry power prepared by ADFD method (P <0.05) , re-
spectively; the recovery rates of amylase, trypsin, chymotrypsin and total protein by CDFD method were
34.8% , 35.2% , 15.3% and 12. 6% , which were significantly greater than those by ADFD method ( P <
0.05) ; the concentrations of crude protein and crude ash in dry power prepared by CDFD method were signifi-
cantly lower than those of dry power prepared by ADFD method (P <0.05) , but no significant difference was
observed in the concentration of ether extract (P >0.05). 2) After ethanol defatted, the activities of amylase
and trypsin of dry power prepared by CDFDD method were 11. 5% and 7. 9% , which were significantly grea-
ter than those of dry power purified by ADFDD method ( P <0.05), but no significant difference was ob-
served in the chymotrypsin activity (P >0.05) ; the recovery rates and the activities of amylase and trypsin in
CDFDD method were 39.4% and 43.9% , which were greater than those by ADFDD method( P <0.05) , but
no significant difference was observed in the recovery rate of the chymotrypsin activity (P >0.05) ; the recov-
ery rate of total protein by CDFDD method was significantly greater than that by ADFDD method ( P <0.05) ,
but no significant difference was observed in the concentration of total protein in dry power prepared by these
two methods (P >0.05) ; the concentrations of crude protein and crude ash in dry power prepared by CDFDD
method were significantly lower than those in dry power prepared by ADFDD method (P <0.05) , but no sig-
nificant difference was observed in the concentration of ether extract (P >0.05). From the entire purification
process, the activities of amylase and trypsin and their recovery rates by dry power purified by CDFDD method
are greater than those of ADFDD method. [ Chinese Journal of Animal Nutrition, 2013, 25 (10) ;2363-
2370 ]
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