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T2 50 FH W2 Ak 570 [ W B 2
PA) f# % 1k #5 2 ( coated phosphoric acid, CPA) |
W Bt 8% 12 LR ( phosphoric acid+lactic acid, PLA) |
& 5 R (fumaric acid, FUA) . B! f® ( formic acid,
FA) FIF 4 R (citric acid, CA) | ¥ i b i 35 4k 4=
YR A A7 FR 2> m] H i
1.2 iXigit

I EH 1 H O Z K 0 (AA) A3 840
HOBEML A A7 B e N EE , B

Ji%¢ ( phosphoric acid,

AR, 2 BEONRC (1994) 38 1) 75 37 5 2 e il 19 e
G ikl SRR A R B K LR 1, IR
o) W Bl ) R v 0 8 i W R R TR (0.36% )
TR TEIR (0.59% ) | M B 18l 12 7L R (0. 18% W% Fff
WEIR+1.33% W LR ) . & SR (0.42%) . W R
(1.03% ) FIFFEERR (0.79% ) AR I AR | 453 56 2
H* W 344 9.18 mmol/kg (TH51E , F A5 &
MOH YR AR SOR AR ) o B 42 4. W
FFXGR 3%, H HR B, 782 TROK, 3 1E & 5 s
TR AT G e 4

®1 EMiARAMRKREFRKFE(KFER)

Table 1 Composition and nutrient levels of basal diets ( air-dry basis) %
WiH P Content
Items 1~21 Hi#% 1 to 21 days of age 22~42 H#% 22 to 42 days of age
JEkl Ingredients
E K Corn 63.60 69.78
M1 Soybean meal 29.40 21.94
FEREHHK Corn gluten meal 3.50 5.20
L& L-Lys (98%) 0.10 0.08
DL-#%f2 DL-Met 0.16 0.03
£ %} Limestone 1.35 1.30
Wiz E45 CaHPO, 1.30 1.10
446 HH% Choline chloride (50% ) 0.12 0.10
Bk NaCl 0.30 0.30
IRk Premix" 0.17 0.17
411 Total 100.00 100.00
# /K F Nutrient levels®
fRi5HRE ME/ (MJ/kg) 12.10 12.43
KL H BT CP 20.98 19.00
5 Ca 0.89 0.80
AR AP 0.40 0.38
HAEMR Met 0.47 0.35
2R Lys 1.05 0.88

D IR R AT T iR M 4R AL The premix provided the following per kg of diets: VA 8 000 TU, VD, 1 000 IU, VE 20 U,
VK, 0.50 mg, VB, 2.00 mg, VB, 8.00 mg, VB, 3.50 mg, VB, 10.00 pg, MR nicotinic acid 35.00 mg,iZ fR%5 calcium panto-
thenate 10.00 mg, "R folic acid 0.55 mg, =4 % biotin 0.18 mg, Fe 80.00 mg,Cu 8.00 mg, Mn 100.00 mg,Zn 80.00 mg,1I

0.70 mg, Se 0.30 mg,

DR RE S, Hi4 A SCil{ . ME was a calculated value, while the others were measured values.
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LR,
1.4.2 B A X 5

G345 P B E i (1 5T [A]— A TR
— I BER PR35 1f I 18 B BE IR ) 5 RS TE A
HEIYERR,
1.4.3  /NaTHAEGIEPE

FE b I FT AL B OS2 R (+ 248 =
Rl ) EEEFRE , $ H m/ R (m/v) = 1/5 A
TR AT 4 C MWK, K 212 30 5,4 C,
3 500 r/min®.C> 10 min, B b 15 W H T 86 & A B
THITEE 2 1 0% 1 1) 0

B P O P B < SR T T R R AT
o JBER I BIK A & —PE IS 2R W Ik —HG 24 R — 1
FER G ERIR AR | Az BB (LR il SR e, 7E 410 nm
A0 7E W SGRE (OD) {H . Wl TG Pk B 7 i S 7
pH 8.2 40 CTHISM T ,1 min ;=4 1 wmol X i 5
AR TE SR 1A T B

JEE AR 1 il 0 P 0 R A A R BE AR
P i P 7K S S I — L 24 R S TR, FH 2840 3 6ok
FETH T 256 nm b I 2R H k- L1 2 8 £ TR
(14 ek /D> AT s WA it o BE AR TR MR Y = Ak,
TEPEBAAL E XN AE pH 7.8 .25 CHISAE T, 1 min
F7A 1 pumol K P — L~ 2 R S SN 1 A il
A
1.4.4 BHHWMED

HmmBE. fE LHBES PRI ERNEY
0.5 gZidq, o3 il 8 T KEE W, I ABERR 8 22 v
(PBS) # B AR RE A 1071 TR AT, IR 0.3 mL #
BRI A A 2.7 mL MBI B R 1077,
W TEFHRREEAEYRER 107 107
107,

TR ARG W 100 WL 6 B T ARG 77
B BAMBEM 2 ANEE, UAEBCOLE¥E, K
WA TE 37 CHEFRAE A AL 57 24 hy ILR AT W 1
37 CHEIFRFETIRALE T 48 h,

PRREBE 7% BT 80 AR 1 R AF 19 K B A 1 7 22
FESLBAE Loh 4 ol by 40 (B 9%, R ey B
DR R, TR T A IR IR R L vE B i
FAREY, AR RIFHFLERFT R ZE LBS #5554 L

R FL B O I B R RUE NE VR RO e 2
FLRZEHE , WG FTAB I, A, #8537 4 1
S I 6 4% 23 A9 B 6 1 1L 30~ 300 N L, AR 31 T
VE TR SR, X6 ek A A R AT SRR B VR T A SR
SEE I 5 A v 3 P9 ST B AN R D
SFEAE (1gCFU/g) o

XA R A T A B AT, O T B R R 22
[ — Ak 2RI TR VE T
1.5 HERIToH

BHER FH SPSS 17.0 itk 4F it 15 0 R £ )5
ZEOYHT, 24 5 W E IR LSD g T £ H K,
P<0.05 HZEF R,

2 &% B
2.1 A REFFEER T P IS 7 18 48 3T < B R &2 0
26 2 AT 0, O BRE R IR A | T Ak IR 4 L T
M BERR FLIR AL | & IR 40 | W IR 41 AT A5 1R 4 TR XS
TE 21 F1 42 H R I 25  B i AR X B 5 6 R 41 AR
2R EE(P>0.05),
2.2 AREMEBRLFIABFZERTES M
SERIIFSINA A NG E T N
P BETR FLIR AL | & ShR 4l | W R 4 AT 158 1R A TR X
TE 21 F1 42 H T 45 i B A4 AR 6 2 1 5 0 R 4 A
2R A E (P>0.05) ,
2.3 AEFEERUFIT AG/NNF R BEH W EEEER
=AU
FH e 4 a1, XS 21 HOS A, FF IR 41 AT 15 1R
20 A JER AR 1 TS 1 2 B 2 R TR R4 (P<0.05)
TR A ol TR 2L R A A TR 201 170 JBE 2 P9 G T 1 2 B
5 TXTHRZH (P<0.05) o P 42 H I, BRisaE 1k
WERRZH A1, Hofl 4538 56 41 A0 9 B 1 it 3 i 4 A Xt
TREHA 2 2 1 (P <0.05) 5 IR W B w8 12 7L 2 2
H R 2 b, ol 45 8 56 20 A0 8 4K 1A I 0% M 28 g 3
T X IR ZH (P<0.05) , HL AW BFF i AR 41 %6 S B
I
24 AEAMEBUFINACEBRHEDHEN
=AU
M 2% 5 )1, 2% Fh R Ak 350 A B I 24 6 A XS H
Ji7 LR T R B TG . 25 52 ) ( P>0.05) , {H AR A
WINE SR IR AT IR Y W LT 42 H i
RIS E W R FF R U (P<0.05)
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Table 2 Effects of different kinds of acidifier on relative intestinal tract length of broiler chickens cm/kg BW

. %Al @;ﬁgﬂ Blle  WMER WOmAL R4 Al b
Control ' wERAL  FLMR4 FUA FA CA SEM
Items PA P-value
group CPA group PLA group group group group
group
21 H i 21 days of age
1+ —%8 % Duodenum 44.30 45.14 43.82 42.39 42.66 44.85 43.49 0.673  0.928
ZE W Jejunum 104.28 112.04 112.34 105.69 111.49 114.54 108.46 1.403 0.412
[51 % Tleum 108.27 114.53 118.63 109.31 114.81 117.15 108.62 1.524 0.356
B Cecum 20.28 21.44 20.91 19.66 21.08 21.91 20.69 0.286  0.468
E % Rectum 10.04 9.97 10.31 9.45 9.97 10.16 9.69 0.160 0.857
42 H% 42 days of age
+ 458 Duodenum 16.46 16.94 16.41 16.22 17.11 15.85 17.75 0.238  0.393
ZE W Jejunum 38.97 40.88 41.09 42.29 42.11 40.49 43.17 0.533  0.437
[51 % Teum 39.99 43.81 43.09 43.00 45.53 39.64 43.82 0.764  0.323
B Cecum 9.62 9.60 8.92 9.26 9.91 8.80 9.56 0.165 0.533
HW Rectum 5.08 4.50 4.78 4.64 4.77 4.51 4.75 0.091  0.662

[R5 Kt A AR ARG 78RR 22 57 35 (P<0.05) AR BOC PR RN 2R B35 (P>0.05) o T 2RI
In the same row, values with different small letter superscripts mean significant difference ( P<0.05) , while with the same or

no letter superscripts mean no significant difference ( P>0.05). The same as below.

R3 FREMEBUFNAGHEEENEERZM

Table 3 Effects of different kinds of acidifier on relative intestinal tract weight of broiler chickens g/kg BW

S X 2 R @l%}%‘% ﬂlg&ﬁfﬁﬁ& BHmHA  TWRA ERA P
Homs Control PA group BER A BN FUA FA CA SEM Povaluc
group CPA group PLA group group group group
21 H## 21 days of age
+ %5 # Duodenum 13.80 15.73 14.07 14.52 15.17 15.71 15.39 0.288  0.399
ZE W Jejunum 23.16 24.66 25.64 25.66 26.05 25.84 25.17 0.317 0.197
[E i Tleum 20.25 21.28 20.43 21.06 21.39 22.27 21.30 0.348 0.813
B Cecum 7.43 6.99 7.24 6.88 7.02 7.47 6.44 0.153  0.617
H¥ Rectum 2.38 2.20 2.56 2.42 2.51 2.79 2.53 0.053 0.113
42 H % 42 days of age
+Z## Duodenum 7.11 7.31 7.68 7.56 7.70 7.01 774 0.120  0.527
75 Jejunum 12.38 13.50 13.79 13.97 13.35 12.80 13.42 0.206  0.422
B3 Tleum 9.86 9.72 10.32 10.31 10.44 8.90 10.06 0.153  0.100
H W Cecum 2.34 2.49 2.46 2.61 2.39 2.40 2.44 0.042 0.751
HW Rectum 1.75 1.77 1.87 2.01 1.79 1.73 1.81 0.045 0.699
M 31 G ) 78 57 ) 5 A T Ak B AR, H AT, K
3 it TRACFIIE R & A7 v At ki 38 % & A AL BT
3.1 AEAMEBRAFNABFELESHEKE  MERONVHIIRRE ZZE DS L ERY
RES: kA 3T GE AR 5 /0 o S A2 R O A B

A XY 7 ) O A L O R AE I b e ORI, A G IR AR TR A4 R T S A AR P X i 3
T, DRI P X 1 M T A T RO Al A H 3 R e v FLBR 25 IR R
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TRDHR PP IC 5 TS 0. T 3R] RE G DY A X8 Ji TN 4 ) R
FIREE VR3S 5 . AIRIR AT T 1A [5) b 28 R Al 77 %o
DA X 2% i B X 4 B R 3 i L /N g R A
il 1B 2 1 TS 1 OS2, 25 0RO, B — TR LR
PR (R B A TR ) L R BETR AL 3R] ( e L iR ) (&
E IR AL (W Bl R LR ) DL K B — A HILIR Ak 59
(B SHIR R ANFT IR ) Y% RN Y o 1 B

S ZE R {FLIX L8 TR A5 A S48 RS (R A
& w55 XS /N 8 TG R A AR Y I Rl e /)
o 3 1 T ) B G AR AT RE S R AR R AR T IR 3G
BN pH, TS 1 8 3 A, 6815 5 A 5 K
fige =3 22, S TR/ o o WA B 22 1) SR 1 e i
BB S A0 WA DI AR T

R4 REFHEBRUFIX A G/ G R BEHE L EE 00

Table 4 Effects of different kinds of acidifier on small intestinal digestive enzyme activities of broiler chickens

XA WM BRI TdEfl

HHRA WA R4

m " 1 PH
Ifjs Control PA UAlrEEl LR FUA FA CA SEM Vfue
group group  CPA group PLA group group group group
21 H#% 21 days of age
I 1 ) . ) - \ . R
.07°¢ .19%* .10° .15 . .33* .28° 0.026  0.002
Trypsin/(U/meg) 1.07 1.19 1.10 1.15 1.00 1.33 1.28
E‘éﬁ I':l Eﬁ d b b d b b
A41° .44 .52¢ 43" . .49%° .50" 0.013  0.001
Chymotrypsin/( U/g) 0.41 0.44 0.52 0.43 0.34 0.49 0.50
42 H#% 42 days of age
2 P it > b
.26° .60° .33 .50° .62° .58" .65" 0.032 <0.001
Trypsin/(U/mg) 1.26 1.60 1.33 1.50 1.62 1.58 1.65
T 4 11 Al b b b b b
.44°¢ .70° . .53 . .49™ .60° 0.017 <0.001
Chymotrypsin/(U/g) 0.44 0.70 0.57 0.53 0.55 0.49 0.60 <
x5 TEMERLTNAGEEMEMBERRM
Table 5 Effects of different kinds of acidifier on cecal microbiota number of broiler chickens 1gCFU/¢g
5iH XPHRZE WCHIBRRRZL Gl . WRBERERR W SRR4 W4 a4 Pl
Ltems Control PA R LR FUA FA CA SEM e
group group  CPA group PLA group group group group
21 Hi# 21 days of age
FLRHFE Lactobacillus  7.42 7.14 8.04 7.46 7.58 6.90 7.19 0.113  0.163
j(%ﬁ[il. . 5.96 6.73 7.24 7.00 7.10 6.60 7.11 0.127  0.085
Escherichia coli
42 H % 42 days of age
?LMH@ 7.40 7.57 6.93 7.34 6.84 6.87 6.70 0.122  0.383
Lactobacillus
KBtF 7.70° 7.24% 6.96" 7.59° 6.66" 6.29° 6.31°  0.130  0.003

Escherichia coli

3.2 AREFEBRUFIXABEBREDRZIN
WA E B A5 K ENRUAEY, HKEH
A E E AR IS B pH AR v w B, a0 KR T
pH 4 6.0~8.0, 1 FLERFT 7 554 2 0 A 0 3 BT
FAEMR A P AE K I (pH J 5.4~6.4) ", 3
Aok BEE BUAE R AR 2, AU RRALTE 1

WA A B T R B 2 Y OETE . B I A B Y
K], A TRACH A B a] RLREAR 21 F142 H & A
R R FF T 5 (E %o 7L R AT T 50 AT
ERH, RFEG WS R B, ERR PR L
FRAL TR RE 5 B2 i P XS 5 i FLIR AT 1 B0k, eI R
PAFF A, A2 ST A AR b R
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4 4 g
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Effects of Different Kinds of Acidifier on Intestinal Development,
Digestive Enzyme Activities and Microbiota Number of
Broiler Chickens

ZHAO Xu' SHEN Yiru' CHEN Jie* SHI Shourong'*
(1. Poultry Institute, Chinese Academy of Agricultural Sciences, Yangzhou 225125, China;
2. Shanghai Meinong Biotechnology Co., Ltd., Shanghai 201807, China)

Abstract; To investigate the effects of different kinds of acidifier on intestinal development, digestive enzyme
activities and microbiota number of broiler chickens, a total of 840 one-day-old male Arbor Acres ( AA) broil-
er chicks were randomly allocated into 7 treatments with 6 replicates per group and 20 broilers per replicate.
The control group was fed a basal diet, and test groups were fed the basal diet supplemented with phosphoric
acid (PA), coated phosphoric acid ( CPA) , phosphoric acid+lactic acid ( PLA) , fumaric acid (FUA) , for-
mic acid (FA) and citric acid (CA) , respectively ( the H" concentration was 9.18 mmol/kg) . The experiment
lasted for 42 days. The results showed as follows: 1) dietary supplemented with PA significantly increased the
activities of trypsin and chymotrypsin in small intestine at 21 and 42 days of age ( P<0.05). 2) Dietary supple-
mented with CPA significantly increased the chymotrypsin activity in small intestine ( P<0.05). 3) Dietary
supplemented with PLA significantly increased trypsin activity in small intestine at 42 days of age ( P<0.05).
4) Dietary supplemented with FUA significantly increased the activities of trypsin and chymotrypsin in the
small intestine at 42 days of age ( P<0.05) , but significantly reduced the number of Escherichia coli in cecal at
42 days of age (P<0.05). 5) Dietary supplemented with FA significantly increased the trypsin activity in the
small intestine at 21 and 42 days of age ( P<0.05) , but significantly reduced the number of Escherichia coli in
cecal at 42 days of age (P<0.05). 6) Dietary supplemented with CA significantly increased the activities of
trypsin and chymotrypsin in the small intestine at 21 and 42 days of age ( P<0.05), but significantly reduced
the number of Escherichia coli in cecal at 42 days of age (P<0.05). In conclusion, PA, CPA and PLA can
increase small intestinal digestive enzyme activities; FUA, FA and CA can improve small intestinal digestive
enzyme activities, and decrease harmful cecal microbiota number of broilers.[ Chinese Journal of Animal Nu-
trition , 2015, 27(11) :3509-3515 ]

Key words: acidifier; intestinal development; digestive enzyme activities; cecal microbiota
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