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Effects of dietary sodium bicarbonate on digesta pH.digestive
enzyme activities and intestinal microflora of laying hens

LIU Yan',DONG Xiao-fang”, TONG Jian-ming”,
GAO Yu-peng' ,BAO Yan-e',CUI Yao-ming”
(1 College of Animal Science and Technology s Northwest A& F University ,Yangling s Shaanxi 712100, China

2 Institute of Animal Science ,Chinese Academy of Agricultural Sciences,Beijing 100193 ,China)

Abstract: [Objective] The study investigated the effects of dietary sodium bicarbonate on intestinal
pH .digestive proteases activities and intestinal microflora of laying hens to discuss the effects of dietary so-
dium bicarbonate on digestive function of laying hens. [Method) 450 21-week-old Hi-line brown layers
were randomly allocated into 5 groups. Each group had 6 replicates and each replicate had 15 hens. Laying
hens in control group were fed with basal diet. The trial groups were fed with the basal diets supplemented
with 0.1%,0.5%,2.5% and 5% sodium bicarbonate, respectively. The experiment last 133 days. The di-

gesta in gizzard,duodenum,jejunum ileum,and cecum,and manure were collected at the end of experiment.
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pH values of manure and digesta in each gastrointestinal tract section and the activities of pepsin in giz-
zard, trypsin and chymotrypsin in duodenum were measured respectively. Ileal and cecal microflora were an-
alyzed with DGGE fingerprint method and the Shannon-Weiner index and similarity index were calculated.
[Result] 1) pH in each section of gastrointestinal tract were not affected significantly by the supplement of
0.1% or 0.5% sodium bicarbonate whereas 2.5% or 5% sodium bicarbonate supplementary increased pH
of digesta in gizzard,duodenal,and jejunal and pH of manure significantly (P<C0. 05). 2) Activities of pep-
sin in gizzard and trypsin and chymotrypsin in duodenum were decreased significantly by the supplement of
2.5% or 5% sodium bicarbonate (P<C0.05). 3) Ileal and cecal microflora Shannon-Wienner indiex were al-
tered by the supplement of 2. 5% or 5% sodium bicarbonate. [Conclusion)] Higher levels of sodium bicar-
bonate (2.5% and 5%) in diet decreased protein digestive function and changed normal intestinal ecologi-
cal conditions of laying hens.

Key words: sodium bicarbonate;laying hens;intestinal pH;protease activities;intestinal microflora
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Table 1 Composition and nutrient level of each diet (air-dry basis)

i H . . . o . o .

Ltem 1 41 Group [ 144 Group II M4 Group [l V4l Group IV V4 Group V
EkK/(g+ kg 1) Corn 595.0 593.0 584.5 544.0 493.0
K1/ (g« kg™') Soybean meal 257.0 257.5 259.0 266.0 275.0
Hil/ (g« kg=!) Soybean oil 10. 0 10. 5 13.5 27.0 44.0
/(g kg ') Limestone 85.0 85.0 85.0 85.0 85.0
frih/ (g« kg™ 1) Salt 3.0 3.0 3.0 3.0 3.0
WA/ (g« kg ') Premix 50. 0 50.0 50. 0 50.0 50.0
R A 8N/ (g » kg~ ') Sodium bicarbonate 0 1.0 5.0 25.0 50. 0
41t Total 1 000. 0 1 000.0 1 000.0 1 000.0 1 000. 0
fRigffe/(MJ « kg=!) ME 11.39 11. 38 11.39 11.38 11.38
MEH/ (g kg 1) CP 163. 6 163.7 163.7 163. 6 163. 6
i5/(g kg ') Ca 36.6 36.7 36.7 36.7 36.7
AEHEMR /(g « kg™ ) AP 3.6 3.6 3.6 3.6 3.6
WA/ (g kg™ ') Lys 8.3 8.3 8.4 8.4 8.6
FEREMR AR/ (g kg ') Met+Cys 6.1 6.1 6.1 6.0 6.0
H1/(g+ kg™") Na 1.9 2.3 3.5 6.6 12.8

W WUR A R T o A R 4R AL B R S0 85 16 000 mg, 4 63. 6 mg, #¥ 69 mg, £k 30 mg, 4l 6. 26 mg, Mt 0. 4 mg, Al 0. 2 mg, A F A 8 000 IU,
HEEZR D3 3 000 TUL AR E 15 TUL AR K 2 mg AR B 2 mg AR By 4 mg 44K Bs 4 mg, 44 R Biz 0. 01 mg JZ RS 12
mg, Ml 40 mg, MR 1 mg, A 0. 1 mg, GG 500 mg. FEE TR 990 mg, HFRKF B9 80 & o0 S AR FE 4R R T 508 .

Note: Each kg of premix provides the following: Dicalcium phosphate 16 000 mg, Mn (as manganese sulfate) 63. 6 mg,Zn (as zinc sulfate)

69 mg,Fe (as ferrous sulfate) 30 mg,Cu (as copper sulfate) 6. 26 mg.I (as potassium iodide) 0.4 mg,Se (as sodium selenite) 0. 2

mg, Vs 8 000 IU.V[)3 3000 IU,Vg 151U, Vg 2 mg,V];1 2 mg,Vn2 4 mg,VI;6 4 mg,V.;12 0. 01 mg, pantothenic acid 12 mg,nicotinic

acid 40 mg, folic acid 1 mg,biotin 0. 1 mg. choline chloride 500 mg, methionine 990 mg. Na contents are measured values while the

others are calculated values.

1.3.4 MpiE A& M & WA Z B K £k (Denatured
gradient gel electrophoresis, DGGE) 3% 2 B & & #7

(D) Wi A4 DNA 3R ECY . AE 4L BEHLE 4
Ry el #E B N 259 1T DGGE 45 801 3% 43
Bro BHAXSEIEGMEHANEY 1 g £4A, MA 2
mL 0. 01 mol/L #% & £k 2% vh ¥ W (PBS) 540 1R 2)
1 600 r/min &> 10 min, B EE 3 . sk
A FWEW T 808 T 7E 10 000 r/min FES L 5
min, WARTTVE . FEVLTET A 0.5 mL 1 X TAE F
0.6 mL 50 g/L W H§.37 Cokif 3 h, 7EIRG W
A 170 pL 100 g/L - ke SR R 44 (SDS)
17 pl 20 g/L HEFHE K, 37 C/KIBE 1 h, HEIRAR
A 0.6 mL 5 mol/L NaCl 1 0.5 mL 100 g/L
(75 e Sk = Y BE VR MR g A Ak 4l (CTAB/NaCD ¥
W, 65 C/KH 20 min, HIEGWAH 0.7 mL &5/ 5
JEBECVCEAT) = VR IEE =24 = D dhi$e 1k,

10 000 r/min B.[» 10 min, W L )JZRAE T B —ik
B, H 007 mL R/ A5/ R (VORE) ¢
V&)« VR EE) =25 = 24 = D 1k,
10 000 r/min &.0> 10 min, W )2 AR T 55—k
B R A/ OB 1 k. R )R R
i A 0.6 fE AR B 5 N B, B DUUE 1 h,
12 000 r/min .0 20 min, WA TITE. HIAB %
70000 S BEPEHEDUUE 12 000 r/min B .0> 5 min, I
LULTE. A 40 uL TE % f# DNA, —20 CIRF 4
. F 10 g/L f9 B BEBEEE B HL Uk Al DNA R B¢,

(2) 859 % DNA [ PCR § 1852, F I 40 1
51 W xR Y 40 16S rDNA )V, X gk AT
PCR #"#4, 214k F341-GC.:5'-CGCCCGGGGCG-
CGCCCCGGGCGGGGCGGGGGCACGGGGGGCC-
TACGGGAGGCAGCAG-3" 5 R534; 5 -ATTAC-
CGCGGCTGCTGG-3 . i B T4 8. PCR X
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MR £ (25 pl): 2 X PCR Taq Mix 12. 5 ‘uL(@,ﬁ‘
0.2 U/pull Tag DNA %4 .400 mmol/L dNTP,
20 mmol/L TrissHCl, 100 mmol/L KCl #1 3
mmol/L Mg”") . &8 DNA 0.5 L, F. RS 9%
1 pL,ddH,0 10 pL, kB % 25 pL, PCR TR &
4 .94 CHIAEHE 5 min; 93 C 30 5,65 C 40 s,72
‘C 60 5,230 MEFF ;72 C 5 min,4 CHLE. H 20
g/ L Wy B PR FL VK KL PCR 7= 97,

(3) DGGEM" | % | Bio-Rad Dcode i 17
DGGE % i H 3k » #F 16S rDNA V; X f) PCR ¥~ 14
FEYI T 800 11 B VA U T P 6 e b R AT LUK A . B
JEE S MR FE Ry 350~550 g/ L, A8 ¥ 75 1] 5 ML, Yk J7 1)
—F M IX TAE ZZoh W, 180 V 60 CIHIREH
Uk 3 h, UKEE G FHAE MR AR Je o, W (6 8 5 )5 »
Alphimager W& RG 41K .

1.4 HESW
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PEH SAS 8. 1 #4347 B K J7 22 43 HF Al Duncan
Rk ZH R U 25 2R DU SR 227 3R0R .
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mean average) YE4T 25 #1 . A Dice 31545 K iR
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Oy A 4 0 A A< 45 % H' (Shannon-Weiner in-
dex) . A H' > P,ln P,

2 AR5
2.1 BBEMFEMKFNECHENTYHNLE

pH B @

M1 2% 2 AL 2.5 %0 1 5 %6 B 1R 040 % n oK - 20
WIS =48 WS R 28 ) pH W35 & T X
T (P<C0. 05),0. 1% H1 0. 5 %6 Bk R 2040 & I 7k 7
ZH ) 5 X B4 0 B 25 . 5 Y0 BR TR U BN R K
W2 MY pH B3 @& X 4] (P<<0. 05) ,
RIS EREES. HBHMEBHNEY pH
FE 5 AL B 2 B MU0 A

x2 ARPHRBSMNINKENEGHEANTWMIEE pH I

Table 2 Effects of dietary NaHCOj; level on pH of gastrointestinal tract contents and manure of laying hens

AL AWK T I = = A 5z RL
NaHCO; level Gizzard Duodenum Jejunum Ileum Cecum Manure
0(CK) 4.227+0.07 ¢ 6.08+0.09 b 6.17+0.08 be 6.517%0.10 a 6.93+0.11 a 7.187£0.26 ¢
0.1 4.2540.05 ¢ 6.1140.09 ab  6.194+0.09 be 6.56+0.11 a 6.90+0.13 a 7.51£0.15 ¢
0.5 4.25%+0.06 ¢ 6.08+0.05b 6.14+0.11 ¢ 6.53+0.10 a 6.87+0.12 a 7.507+0.45 ¢
2.5 4.68+0.09 b 6.17+0.08 a 6.22+0.10 ab 6.54+0.11 a 6.94+0.14 a 8.45+0.34 b
5 4,.88+0.10 a 6.16+0.08 a 6.28+0.09 a 6.57+0.14 a 6.93+0.11 a 9.13£0.31 a
V¢ AR 5 B 7 I 5267 22 5 B 3P0, 05) 657 BHI A 267 2 B B8 5CP0, 05), T,

Note; Different letters in each column mean that the difference is significant(P<Z0. 05), while same letters in each row indicate that the

difference is not significant (P>>0. 05). The same below.
HREBEMAMKENEBHENZELHEENE
B 2 i
HI 3 3 WL 2. 500 F 5 00 Bk R 0B VR I /K 7 4
A ILE rh AR O 1 LA K AR B b AR

2.2

P R BE R 1 O M 2 R IR T IR 4 (P <C0. 05),
0. 1Y H1 0. 5% Bk R 0 4R 7 A1 7K S 26 0] 5 % R 4 TG
BEER,

®3 HRPHRBENFINKENESGESEOR . REOBNEEOBEENZIE
Table 3 Effects of dietary NaHCO; level on activities of pepsin, trypsin and chymotrypsin in
gastrointestinal tract contents of laying hens U/g
W R S AN VR K7/ % [ERe Sl JBE AR 1 Al JBE 7 1 Tt
NaHCOj; level Pepsin Trypsin Chymotrypsin
0(CK) 526.71+88.29 a 15.45+1.16 a 477.70+£73.31 a
0.1 558.84+90.44 a 13.93+1.07 ab 523.54490. 64 a
0.5 513.52+71.61 a 14.97+1.31 a 453.83+63.58 a
2.5 359.76+64.51 b 13.33+1.46 b 338.384+66.63 b
5 261.70£54.05 ¢ 13.064£1.07 b 260.69+64.99 b

2.3 HEBESMAMKENELCHERENRES
T 1 B 22 i B AR LI 4 AR

) R v A ] i R B S K P 4L S X el

J # BE 16S rDNA V, X PCR-DGGE $§ £ [# 3% 1 %
HOrHras R OLE 1. fr B 1) R AR [ 4L A [
i I Mo Bk A 0 IX 2R B A A A 2R MR S 2R
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T2 A L 0 T i A4 0 5 K Al 2 3R O AN TR 7 S 5 T

IE1 5% 1 % 4) Tleal content 028 040 050 060 070 0.80 090 1.00
1 2345678 91011121314151617181920

i

et DN et et ek et et

NELA—UNNREON—=UNONIOAWR RO

BN &Y Cecal content
123456 7 8 91011121314151617181920 . . a .

0.39 0.50 0.60 0.70 0.80 0.90 1.00

JEETG YHEVE NN

NNV —= O UINO—= N0 LIANOIN W

Bl R [l B R U T K S 4L TR i B W A= ) 16S rDNA VX ) PCR-DGGE $8§ £ 3 (Z0) A1 26 40 ()
T~ X2 35~8.,9~12,13~16,17~20. 405 g f M A S0 0. 1260, 556.2. 5% F 5 0 Bk Al f 4l
Fig. 1 PCR-DGGE DNA profiles (Left) and dendrogram (Right) of the V; region of 16S rDNA of bacteria in
ileal and cecal digesta of laying hens fed with diets containing different levels of sodium bicarbonate
1—4. Control group;5—8,9—12,13—16,and 17—20. Groups fed with diets supplemented with 0.1% ,0.5% ,

2.5% and 5% sodium bicarbonate, respectively

AFIBRIR SN AS K ALEXS B CH R AR RIS EOLIE 2, AN R 2 2 1) B4 AR AP R KL IR 3.

330 ——[ lleal;
—m—F5 % Cecal
56
é 4 s-/./.\-’. i
- o X
&5 % -
g £ =
R = # T 484
WS 4st s 2
2 4 m E
g ) 44 L +IEI% Ileal;
% —m—5 % Cecal
‘ -
3.8 L 1 1 J 40 Il 1 J
0(CK) 0.1 05 2.5 5 0.1 0.5 25 5
T B SR N K /% NaHCO, level Tk BR SV N 7K ~F/% NaHCO; level
2 AN TR R S A0S o 7K - 2 28 %8 Jig Bl 3 AN [ i TR S S o K T 2 2 X M 3 A
A ) 0 A A 5 B 55 %8 B2 1 AR B P S B L A
Fig. 2 Shannon-Weiner index of intestinal microflora of Fig. 3 Comparison of similarity index in intestinal
laying hens fed with diets containing different levels microflora of laying hens fed with diets containing different

of NaHCO;, levels of NaHCQ; and the control



38 P AL AR MBI A2 4R (A SRR 2 B

542 &

H & 2 0L, Mg i AR B &k sh R FE
Ji » i B )RR ) il 1 A X T g R ) R T K T
H M50, 1%,0.5% 2. 5% 1 5 %6 ik Bk 240 7 in 41 [
Jo B4 5 A A8 B2 W B T R AL, B3 R, 454
5 AW E B 1] B o R AR L B AN & A A A
44 % ~56 20 Horh 4 41 H W AR W 45 6 A 14 AH 4B
P T8 B0 = T 100 M 3158 B DR v Rl TR 0 ) 1] i
AW RER KT E B MCEER . £4mE
J % B rb s L5 06 Bl TR B T AL 5 0 B 4 1 A
I8 B A, Ky 54. 17 % 5 4% 41 18] 18] g /Y % 1 v
2.5%0 55 Yo hs R U AN TR I 21 5 %ok HE 2 A R 0L 4 L
B4 R 46. 11 % 1 44. 94 %,

3 P w®

3.1 ARMPEMBBESMNEBHENTYRE
f& pH By

S N YR pH AR 20 56 H 2 3L R pe
S G 3h W T A e S R G O i 2
BEARAT B L AR A Bk R
P T 2 N 2 55 e L A AR R 1 22 ph B g L T
EE R R E R R pH BT, i R
SENAE PR — Y E RS S LA Y Y B R
AL A2 E R oy b, 1 N pH AR,
H R o ) R A E AT AR S S R R R
I T RS AL R Y R T BE 7, BT i N pH
> IF HLZm gl pH.

TEAGK It .0, 1% 0. 5 %0 Bk i S0 Ah 7R 7k 7
NS pH 5xF 4T 3% 2% 5 .00 2. 520/ 5%
IR S AN K F 4 LS pH B 2w T X B4,
B PO 1) e M ) R TR 2 R AR R A 3R R TR 4 ik
A5 F AR 0 VR IR A 43 0 B HE ML DL e R
M2 o AH T s 4 ok 8 4 v R Ik YR IR 1 43
AL SN ARG T, 2. 56 F1 5 %0 KP4
M+ 48 pH B W2 & T B4, 3 5 X B4
2 VE) Y 22 E O MR B /)y o B R LB i T 2
LS -1 20l W A1 R s e LAt R 4 B Wi
TAITE A AT BE . AR IR 45 JE R L5 YORR R AL AN TR
K20 %5 i pH i 28 T X8 BRAL, x4 4 5%
MATXWEEZS . mMEAME W pH 4 4 [ %G
93 25 5L B TR s R ) A TR S T B 1 S B
pH 58/, Bk 2 08N 76 /N B b g e i s iR
WA MW T, S 5 BRGEE . AR
Tk 0 B, HLAAR T3 e HCO, 78 1 10 ) 3 0% ik
VAT VR P BR AT . R, 2 B 1 B R A

ARNIG . 2fe B RS Gl R . M THE
B FE PR T I v M — R R A B L S AT L i
BEAGLR  mlfi FUE I WA pH 22 5 8 B3
T2 F) p L A0 i 3 B 19 20 B A £ o A T S 3% T
[ PESF N
3.2 fAMHIRMERES X EILRGIEEBBEET
skl
A T s o B X AR PN I B0 R X E A
FEISR WY S e 0 T PR e 0 8 1 S — b e A
YRS R0 X S X B R AR A B2 0 T RE R
2 f AR ML B 2 — T S0 i 1 P A0 B S
PR RR B bt 1 HOWS 8 1 5T B A T Ut F
G R R A B TR S BN R T R R A A R
SCo AR R A B B R N AT A O3
TS T P VR A A A T R AR B 0. 100 Bk
PR BN N K - 21 18 SR I PR L TR g s
Do T 25 R Y ik R < B A P R pHL
AR T ML IR RE T . L RRERRAR T BB
EAMME T, HEAMMSE pH A 1~477,
ARSI UE B pH I e 45 KR F 2. 500 F1 50k
W A AR B L B BE pH ElE X FLL X R]
AEJZIX 2 2H W A 1 S M A AT X IR A Y 2 B
DRl R 1 R BE 2R G SE L pH Ol 6~ 971, K
RS 45 pH AU E S5 R KR B L A AR
AL {FUR i T8 R e A R S 2 R R
{149 7300+ FT B 5 BUBIE 3 13X 2 B 0 BT R L LB
T AR EE Rk 2 i B U R BRSO T T
W o 53 o IR 1 G A JBE S 1 0 A LA DA O 5K
U R BY B R EWEO E OB N BE R S R 9 Al
FCE 2 R A O D L K 2 Y 9 AL AR
JEE R AR 3 AT B 2.5 00 FI1 5 V0 fk R U B S Jn 7K - 21
Jige £ 11 T A B 11 I M 0 A T X IR Y 5 —
3.3 WRAMFIMBKBRIMIEBELHEMEYE R
skl
S I 18 N E B AR ) R R T 7 W X s
Wy ) 9 A I WA e A O B 2R R T R 4 B ) B
IO A S AT 200 P T Al S B
i TE AR A 0 4 B Bl 3 B HL R B R A R R A
REA fin 30 Tl A W R R R A R B EAE T, — B0
o TR B Jig 38 B0 5 AT A T AR A W e Sh A
ST FH A O 7 3 AR R T T A
T B 4 TR B A1 52 W 6 T A T A2 0 DA 9D SR 30 355 1) 2y
PRSI IE RS L AT A R A G b B TR L B S



5 43 X

S8 A AR T S IR R S A Xk X i T N AR p L A S T T ) 39

[l Ji7 T R 1) A P AR L 5 M T R B ) A A LA
AN 2R R i R P B R R i E
R Y R A R R AR . T R R
Hh R A B R LB R AT /N I N R T T
A REXT i N A b A R TR Y A BT R L 3K ]
RE A2 AR T8 T A TR A R R (2. 500 F1 5000 BY
B A 5 b g™ A 22 S 9 S — R . 55 A
FEAE 1 A A TR N I 3 Bl AR W ) 2SR TR
AR IR, BVl 2 4] 37 1 AH [) PR35 ] A (] 4DRE LA B
2 fl £ [R] % 1A X85 22 i) 968 2 2 B o S ) o i
X A AE SR AN 3556 45 21 18] A AR DL 4 i R HE AR Y D
P I35k DGGE 45 534 i i 5 1 2l 2 47 VD I
SO D PP AT RE 2 1 B S A R SR S5 2R XA R e
o .

(&% k]

(1] JAMWAR. sh¥ ek (M. 3 R db &0 o [ Al W R A,
2000:277-294.

Zhou S W. Biochemistry [ M]. 3rd ed. Beijing: China Agricul-
ture Press,2000:277-294. (in Chinese)

(IR U s - g e T I = IR B = S 20
1997,18(9):19-21.

Ye Y C,Zhang H Y. Electrolyte additive: Sodium bicarbonate
[J]. Feed Industry Magazine,1997,18(9) :19-21. (in Chinese)

(3] HFudl Az ORI H iR 5T 0 700 0 R g 98 59 00 e R g LT .
SR VTR OB . 1997(2) 1 34-35.

Tian Y B, Yang B H. Electrolyte additive and acid-base regula-
tor: Sodium bicarbonate [ J]. Heilongjiang Journal of Animal
Science and Technology,1997(2) :34-35. (in Chinese)

[4] Koutsos E A, Arias V J. Intestinal ecology: Interactions among
the gastrointestinal tract,nutrition,and the microflora [ J]. The
Journal of Applied Poultry Research,2006,15:161-173.

(5] M2 0 BREiL, TaR, % FmESEMEY NS HEZLM
RS [T, P E % E . 2009,31(23) :26-29.

Mei X W,Chen B J,Yu H M,et al. Study on the gastrointesti-
nal parameters of laying hens in peak stage [ J]. China Poultry,
2009,31(23):26-29. (in Chinese)

[6] Yoruk M A,Gul M, Hayirli A,et al. Laying performance and
egg quality of hens supplemented with sodium bicarbonate dur-
ing the late laying period [J]. International Journal of Poultry
Science,2004,3(4) .272-278.

[7] Howes J R. Eggshell quality as affected by the addition of bi-
carbonate to the feed and water [ J]. Poultry Science,1966,45;
1092.

[8] Balnave D, Muheereza S K. Improving eggshell quality at high
temperatures with dietary sodium bicarbonate [ J]. Poultry Sci-
ence,1997,76.:588-593.

[9] Anthony P. Sodium bicarbonate reduces gizzard erosion in bro-

ilers [ J]. Feedstuff,1988,6:14,49.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Bergmeyer H U, Methods of enzymatic analysis [M]. 2nd ed.
New York: Academic Press.1974:1009-1057.

Zhou ] Z,Bruns M A, Tiedje ] M. DNA recovery from soils of
diverse composition [ J]. Applied and Environmental Microbi-
ology.1996,62:316-322.

FAEA U ZE LD AR AN T BE P 16S rDNA Vi A B
PCR ¥ ¥) DGGE 43 #r [J]. $ A= ¥ 2 4l » 2005, 42(2) - 201-
204.

Wang Y K,Hong K. Mangrove soil community analysis using
DGGE of 16S rDNA V; fragment polymerase chain reaction
products [ J]. Acta Microbiology Sinica, 2005, 42 (2); 201-
204. (in Chinese)

Gerard M, Kornelia S. Application of denaturing gradient gel
electrophoresis(DGGE) and temperature gradient gel electro-
phoresis(TGGE) in microbial ecology [ J]. Antonie van Leeu-
wenhoek,1998,73:127-141.

Keylock C J. Simpson diversity and the Shannon-Weiner index
as special cases of a generalized entropy [J]. Oikos,2005,109
(1):203-207.

BELL KA LA X TSI AL IE pH ORI AL B IS Y
WEATFE (1], % B B2 41, 2006, 37(10) : 1009-1015.

Fan H P,Hou S S, Huang W, et al. Comparative study of the
pH in digestive tract and digestive enzyme between cock and
drake [ J]. Acta Veterinaria et Zootechnica Sinica, 2006, 37
(10):1009-1015. (in Chinese)

Burhol P G. Regulation of gastric secretion in the chicken [J].
Sand ] Gastroenterol,1982,17.321-323.

JA 9% T A = R FH R AR JBIR S o i 1 2 g
L. k5%, 2008(8) + 28-30.

Zhou F,Ding Y Y,Zhang L. L,et al. The function and influen-

AN

tial factors of pancreatic exocrine secreation [ ]J]. Feed Re-
search,2008(8) :28-30. (in Chinese)

R0 BRBH 53 L SR8 Iy oy e S e a Ry [T, R
2 AL ,2001,9(9) 1 1066-1070.

Li X P,Ouyang K Q,Cai S X. Regulation of secretion of bile
[J]. World Chin J Digestol, 2001,9(9);:1066-1070. (in Chi-
nese)

XFE— . H.EER ZXEEREMAEYX R SE RO
T A [T] R #.2008 (1):15-18.

Liu BY,Xu H,Wang Z Y. The relationship between gastroin-
testinal microflora and nutrition in poultry [J]. China Feed,
2008(1) :15-18. (in Chinese)

Grossu D, Iliescu M, Lofciu D. Effciency of dietary energy uti-
lisation in hens under thermal stress [J]. EAAP, 2000, 58
420-424.

HE LT V- A0 G DR 3R 43 AR AR 9 LB F ST (D] et .
FE ARl B2 B Jb it 3 508 B 5 T, 2003,

Fan H P. Comparative study of the digestion of feed nutrients
between cockerel and drake [ D]. Beijing: Institute of Animal
Science of CAAS,2003. (in Chinese)

2R LR N EE Y A 7 RE B W A W TR 4 A Y S
W [ o Rk A 241, 2012, 17(2)  108-116.



40

P Al e MR K AR

542 &

[23]

Li Y Z. Effect of amino acids supplementation in low protein
feed on the performance and cecal microflora structure of lay-
ing hens []J]. Journal of China Agricultural University, 2012,
17(2) :108-116. (in Chinese)

Wl PR EREER A5 SR L M R B I R Uk B AR B O
ANFESEAH RS EMEYX RWGERN [J]. 29 E
FE . 2010,22(1) :169-175.

Hu P,Shi SR,Wang Z Y, et al. Effects of different corn diet

forms on intestinal microflora of geese by denaturing gradient

[24]

gel electrophoresis []J]. Chinese Journal of Animal Nutrition,
2010,22(1) :169-175. (in Chinese)

fil 2% ), Joshua G, Hai Y,%. R H PCR-DGGE # R /3 #7 & %%
Jig T AN R R 45 B 2 R (1. O IR AR, 2008, 39
(7):955-961.

Ni X Q.Joshua G,Hai Y,et al. The bacterial community and
diversity in the layer gastrointestinal tract: From crop to ce-
cum analyzed by PCR-DGGE [ ]J]. Acta Veterinaria et
Zootechnica Sinica,2008,39(7):955-961. (in Chinese)

(EBF 32 1)

[15]

[16]

XA AN ) o, A R S T A7 X ) B
M REM M [J]. SRERPPE2Y,2012,5(1) :12-15.

Zhao ] M, Yang X H, Wang G Z, et al. Influence of Bushen
Jiedu Huoxue Recipe on the blood-producing function in mice
of myelosuppression [ ]]. Global Traditional Chinese Medi-
cine,2012,5(1) :12-15. (in Chinese)

BURE A AL WL R R I 0 s 3 i s B fe gk
PN IhAE (1], e R 3 BE 2R, 2009, 34(6) :555-558.
Luo X L, Yang K, Sun M. Immunoregulatory effect of Huan-
gqi Fuzhengtang on immunosuppressive mice [ J]. Journal of
Centre South University; Medicine Science, 2009,34(6) ;555-

558. (in Chinese)

[17]

(18]

M, WL IR, AR R R A (TCAD X AL YT fe 32 3 1
ANRLEY B A HE AR T [0 ). P I A B2 22 A L 2009, 25 (12)
1092-1095,1099.

Zhao L. M, Ji X,Pan X M,et al. Immunoenhancement effect of
ICA on the mouse model of Cy-induced hypoimmunity []J].
Chinese Journal of Immunology, 2009, 25 (12):1092-1095,
1099. (in Chinese)

FEVA P, AR 2. R A (ML b at . B AR A
2004 :43.

Cui Z Z,Cui B A. Veterinary immunology [ M]. Beijing : China
Agriculture Press, 2004 :43. (in Chinese)



