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Abstract: The purpose of this experiment was to study the effects of mono-dicalcium phosphate
(MDCP) on growth performance, serum biochemical indices, tibia indices, metabolism of calcium
and phosphorous in bone and cecal microecology of AA broilers and to evaluate the appropriate
level of addition for the complete replacement of dicalcium phosphate (DCP) with MDCP in diet.
A total of 450 one-day old AA broilers were randomly divided into 5 groups. DCP was used as the
control group(CK). Four levels of MDCP were used to replace DCP to provide non-phytate phos-
phorus which was provided 60%, 80%, 100% , and 120% of the total non-phytate phosphorus
labeled as treatment 1 (T1), treatment 2(T2), treatment 3(T3) and treatment 4(T4), respec-
tively, with 6 replicates per group and 15 broilers per replicate for a 42-day trial period. Metabol-
ic traits were conducted from day 19 to 21 and day 39 to 41, respectinely. Data of production per-
formance, blood samples, and cecal microbes were collected and analyzed on 21 and 42 d, respec-
tively. The results showed as follows: 1) Compared with the CK group, the MDCP test groups
improved the performance of broilers at 21 and 42 d significantly (P<Z0. 05), and T2 group had
the highest European index. 2) The apparent metabolic rate of calcium and phosphorus were de-
creased significantly in T2, T3 and T4 groups (P<C0. 05) at 21 d, and was increased significantly
in T1 and T2 groups at 42 d (P<C0. 05). 3) Tibia calcium content of T1 group was significantly
increased and phosphorus and maximum stress were significantly decreased at 21 d compared with
CK group (P <C0. 05), tibia calcium and phosphorus content of T3 group were significantly
increased compared with CK and T1 group at 42 d (P<Z0. 05), the maximum stress of T2 and T3
group were significantly higher than the other groups at 42 d (P<C0. 05). 4) Compared with CK
group, the blood phosphorus content was significantly decreased in T1 group (P<C0. 05), and
was significantly increased in T4 group (P<C0. 05). 5) The results of high-throughput sequencing
of cecal microbes in broiler chickens showed that there were significant differences in cecal
microbes between the CK group and the T1-T4 groups, and the clustering distance was farther at
21 d. The diversity of cecal microbes at 42 d was significantly higher than at 21 d. The results of
various indicators showed that MDCP could replace DCP as a source of non-phytate phosphorus in
broiler chickens. According to European index, tibia indices, serum biochemical indices and cecal
microbes of broilers, the MDCP at 80% replacement level had the best performance.

Key words: broiler; mono-dicalcium phosphate (MDCP); dicalcium phosphate (DCP); growth
performance; serum biochemical indices; cecal microbes
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Table 1 The design of experiments
Group Phosphorus source
CK (DCP)
Tl (MDCP) , 60%
T2 (MDCP) , 80%
T3 (MDCP) , 100 %
T4 (MDCP) , 120%
L3 LS
{ Y(NY/T33—2004) 19~21 39~41
AA , , (
, , . . ), 20%
( ) L2~14 . . 10% 4 °C ,
2, 0. 40 % 3d 65 °C
o 24 h, 40
L4 20 20:00
, .12 h , 2
o (AA) , 5 mL, 30 min
, 3000 r » min™" 10 min, 2
) , L 5 mL —20C , .



6 , . 1309

2 ( )
Table 2 Composition and nutrient levels of experimental diets (air-dry basis) %
1-21d 22-42 d
[tem CK T1 T2z T3 T4 CK T1 T2 T3 T4
Ingredient
Corn 55,5 55,5 55,5 555 555 548 548 548 548 54.8
Soybean meal 22.0 220 220 220 220 23 23 23 23 23
Fermented soybean meal 80 80 80 80 80
Puffed soybeans 10.0 1000 1000 10.0 10.0 16 16 16 16 16
Soybean oil 2 2 2 2 2
Limestone .25 1.8 L78 1L65 1.3 115 167 1L60 L5 L25
CaHPO, 1. 85 — — — ~ 1. 65 C — — —
CaHPO, « 2H,0O « Ca(H,PO,), — 0.87 1.16 145 174 — 0.78 104 1.3 155
NaCl 022 022 022 022 022 0.3 0.3 0.3 0.3 0.3
DL- DL-Met 018 018 018 018 018 010 010 010 o0 10 0 10
Zeolite powder — 0.35 016 — =< 0.36 0. 16 — —
Premix" 10 L0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Total 100 100 100 100 100 100 100 100 100 100
Nutrient level®
/(MJ « kg™ ') ME 1224 124 124 124 1224 129 129 129 129 129
CP 21,45 2145 2145 21.45 2145 20.0 20.0 20.0 20.0 20.0
EE 413 413 413 413 413 698 698 6.98 6 .98 6. 98
Ca L0 L0 1.0 1.0 0.94 0.91 0.9 091 091 o0 86
TP 071 058 0.64 070 077 064 05 059 064 069
AP 045 0.32 038 045 0.51 0.40 0.30 0.35 0.40 0. 46
Lys 116 116 1.16 116 1L16 108 108 1.08 108 108
Met 0.50 0.50 0.50 0.50 0.50 0.40 0.40 0.40 0.40 0 40
+ Met+Cys 0.8 0.8 0.8 0.8 08 075 075 075 075 0.75
Thr 0.8 082 082 082 082 o077 077 077 077 077
Try 0.25 0.25 0.25 0.25 0.25 023 023 0.23 023 023
D 1~21d, : 8mg. 72mg. 78 mg. 60mg. O 36mg. O 24 mg. 600 mg.
VA 9900 IU,VD,2 200 IU,VE 22 mg.VK;2 2 mg.VB, 2 2 mg.VB,;5 5 mg.VB;2. 2 mg.VB;16. 5 pg. 22 mg,
11 mg, 1. 1 mg, 88 pg;22~42d, : 8mg, 72mg, 78mg, 60mg, 0 36mg,
0. 24 mg, VA 9 000 TU,VD,2 000 TU,VE 20 mg.VK;2 mg.VDB; 2 mg.VB;5 mg.VB; 2 mg,VB;15 pg. 20 mg,
10 mg, 1 mg, 80 HgOZ).

D d 1-21, premix is provided per kg of feed: Cu 8 mg, Fe 72 mg, Mn 78 mg, Zn 60 mg, 10. 36 mg, Se 0. 24 mg, choline chlo-
ride 600 mg, VA 9 900 U, VD, 2 200 U, VE 22 mg, VK, 2. 2 mg, VB, 2 2 mg, VB, 5. 5 mg, VB, 2 2 mg, VB, 16, 5 pg,
VB; 22 mg, VB; 11 mg, VBs 1. 1 mg, VH 88 pg;d 22-42, premix is provided per kg of feed: Cu 8 mg, Fe 72 mg, Mn 78 mg,
Zn 60 mg, 1 0. 36 mg, Se 0. 24 mg, VA 9 000 IU, VD; 2 000 IU, VE 20 mg, VK; 2 mg, VB, 2 mg, VB, 5 mg, VB; 2 mg,
VB, 15 g, VB; 20 mg, VB; 10 mg, VB, 1 mg, VH 80 pg. ». The dietary nutrition composition values in the table are calcu-

lated values
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6 N
3 MDCP
Table 3 Effects of dietary MDCP supplementation on growth performance of broilers
Item CK T1 T2 T3 T4
1~21d
/g BW 564. 31420, 77° 717, 52481 23° 796. 26+ 4. 62° 751 11+12 16 733 50434, 94°
/(ge+d™') 45 1440 37" 53, 47+6. 40° 54, 23+ 1 42° 53 61+0. 58° 51 00£1 19°
ADFI
/(ged™) 25. 0640, 98" 32.35£3 87" 36. 10+0. 22° 33 95+0. 58° 33 11+1 66°
ADG
F/G 1. 8040 07" 1. 65+0. 01" 1L 5040, 03¢ 1. 58+0. 03" 1 5440, 05¢
/% Mortality 33342 89 1L 67+2 89 1L 6742 89 0. 00£0. 00 L 67+2 89
1~42d
/g BW 2 866, 7578 54° 2 961. 01111, 94° 3 535 57483, 04" 3364. 7175 81* 3 242, 90+141. 70"
/(ged™) 110. 4542 22° 122, 51414, 27* 134. 5945, 96° 129. 19+2 87° 126. 7446, 45°
ADFI
/(ged™) 109. 6042 22° 121 66414, 27 133, 74£5. 96° 128 34+2 87" 125, 89+£6. 45°
ADG
F/G 1. 760 04 1. 8840, 18 1L 7340 04 1L 7540 02 1. 7840 04
/% Mortality 1. 67+2 89 0. 00+0. 00 0. 00+0. 00 0. 00£0. 00 0. 00£0. 00
EPI 381. 2445, 79 357. 00+6. 88 486, 5947, 34 457, 7843, 65 433, 7745, 78
( ) ( P<<0. 05), (P>0. 05);

Values in the same row (column in the other tables) with different small letter superscripts mean significant difference (P <C

0. 05) . while with the same or no letter superscripts mean no significant difference (P>>0. 05); The same as below

4 MDCP
Table 4 Effects of dietary MDCP supplementation on apparent nutrient metabolic rates of broilers %
21d 42 d

Group Ca P Ca P

CK 0. 50 0. 06° 0. 56+0. 04° 0. 66+0. 01¢ 0. 56+0. 02°
T1 0. 54 40, 02° 0. 4740, 06" 0. 8440, 02° 0. 67+0. 01°
T2 0. 3840. 10° 0. 4140, 07" 0. 8040, 02" 0. 6240 01°
T3 0. 38+0. 03" 0. 2940, 04¢ 0. 7340. 01« 0. 55£0. 01°
T4 0. 3440. 07° 0. 3440, 01« 0. 65+0. 02¢ 0. 5440, 02¢

5 MDCP
Table 5 Effects of dietary MDCP supplementation on tibia indices of broilers
21d 42 d
. /(N +« mm ?) /(N « mm %)
Group /% Ca /% P /% Ca /% P
Strength Strength

CK 14. 13+1 41* 6 850, 36° 864, 10103, 48" 14. 81+1 40" 6. 49+0. 76" 3 410, 80£1 059. 30"
T1 16. 64+3 02* 6. 39+0. 38 707. 664130, 85¢ 15 14=0. 92° 6. 4940. 21° 3 535 37+631. 70
T2 16. 02+ 1. 88" 6 5840, 28 966. 074131 87* 15. 8640. 68 6. 7440, 28* 4 129. 584919. 14°
T3 15 88+0. 79* 6. 920, 32° 1027, 31+44. 78° 16. 5040, 87* 7. 10£0. 30* 4 233 5541 005, 76°
T4 15. 5040, 83" 6. 95+0. 20° 958 85+147. 26™  16. 00£0. 73* 6. 800, 30™ 3 638 50+670. 85"
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6 MDCP N

Table 6 Effects of dietary MDCP supplementation on serum calcium, phosphorus contents and alkaline phosphatase activity of
broilers
21d 42 d
/ / / / / /
Group (mmol « L") (mmol « L™1) (U-LYH (mmol « L™ (mmol « L™1) (U+«LH
Serum Ca Serum P ALP Serum Ca Serum P ALP

CK 1. 18+0. 56 L 5740. 92" 4 823 3841 102 94 1L 1540 90 0. 85+0. 94 2 517. 12+1 505, 72
T1 0. 7340, 82" 1. 310, 20° 5 206, 75+789. 66 0. 88+1 00 1L 04+1 15 1 775, 734349, 13
T2 1. 4340 21° 1 44+1. 16" 5023 051 065. 25 1. 1840. 92 1L 05+1 15 1736, 701 153, 69
T3 L 2240, 65* 1 44+1. 13" 5009, 774795 70 0. 88+0. 97 L 13+£1L 24 1 314. 0541 430. 81
T4 1. 6140, 20° 2. 4040, 27° 5 186. 43748 93 0. 90+0. 99 1L 15+1 26 1 104. 15+1 050, 21

7 MDCP

Table 7 Effects of dietary MDCP supplementation on serum protein contents of broilers

21d 42 d
/ / / / / /
Group (g« L") (g« LY (g« LD (g« LD (g« LY (g+L Y
’ TP gALB gGLB NG / TP gALB gGLB MG
CK 20. 32+10. 48 10. 35+2 21™ 14. 23+1. 32®* 0. 724+0. 11 34. 48+23. 97 18 38+20. 41 16. 108 75 1. 06+1. 37
T1 17. 72413, 73 7. 4345, 85" 10 2848 03" 0. 4940, 40 33 45437 47 19 05429, 25 14 40+11 30 0. 82+ 1. 15
T2 27.274+1. 82 11 58=+0. 74" 15 68+1 19" 0. 74+0. 04 42 27434, 23 24. 47+29. 31 17. 8049. 03 1. 14=+1. 32
T3 27. 65+1. 98 11 80F2 25* 15 85%+0. 97* 0. 75+0. 16 62 67426, 74 39. 72422 25 22. 95+5. 25 1. 65+0. 77
T4 28 0242 52 11 93=+0. 97* 16. 08+1 94* 0. 75+0. 09 68 07420, 16 44. 82415 14 23 2546. 97 1. 99+0. 61
25 MDCP 2. 3) Parabacteroides  Butyricmonas Z
s 4 (Step 2. 4)Megamonas.Methano-
251 OTU OTU « D .7z brevibacter — Sutterella 3 Z .
, 4 , ,
. 21d (Step 1. 0) 10 ,
Tyzzerella  Eisenbergiella Z ; , R
1 (Step 1. 1) Merdibacter, Pseudo flavoni - «C 2, , 21d
fractor unidentified Ruminococcaceae 3 Z , s 1 unidentifiedRu-
; 2 (Step L 2) Flavonifractor minococcaceae s 3 ; 2
Fournierella Z ; 3 (Step Flavoni fractor ; Intestini-
L 3)Erysipelatoclostridium Z ’ 4 monas  unidentified-Lachnospiraceae ,Eisen-
(Step 1 4) Anaerostipes, Hydrogenoanaerobac- bergiella ; 3 4 Lachnoclos—
terium  Lactobacillus 3 Z . 42d tridium ;42 d , ,
(Step 2. 0)  Bacterioides Z 3 Bacteroides ; 2 Alistipes
1 (Step 2 1) Akkermansia.Anaero filum . Desul - , 3 ; 2 3
fovibrio, Helicobacter Phascolarctobacterium 5 Faecalibacterium ; 3 Parabacte-
Z , 2 (Step 2. 2)  Bilophila roides ) 3 )

Alistipes Z ; 3 (Step
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6 .
Stepl. 0. 21 d ;Stepl. 1. 21d 1 ;Stepl. 2. 21d 2 ;Stepl. 3. 21 d 3 ;Stepl. 4. 21 d 4
Step2 0. 42 d ;Step2 1. 42 d 1 ;Step2 2. 42d 2 ;Step2 3. 42 d 3 ;Step2 4. 42 d 4

Step 1. 0. 21 d CK;Step 1. 1. 21 d T1;Step 1. 2. 21 d T2;Step L. 3. 21 d T3;Step 1. 4. 21 d T4;Step 2. 0. 42 d CK;Step
2.1. 42 d T1;Step 2. 2. 42 d T2;Step 2. 3. 42 d T3;Step 2. 4. 42 d T4;The same as below

1 MDCP 21 42 d OTU
Fig.1 OTU heat map of 21 and 42 d broiler cecal microbes of different MDCP addition levels

252 a MDCP 21
42 d OTU
3. ,
98 s
. 21d s
4 s
;42 d ,
Others 10 ! ’
2.5.3 B- NMDS Bray-Cur-
Others indicates the sum of the relative abundances of all the tis ,
genus except the 10 genus in the figure , )
Fig.22 Spectral relative abundance of cecal microbes of broiler NMDS s ’

chickens at the level of genus ,
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3 MDCP 21 42 d
OTU
Fig. 3 Petal map of 21 and 42 d broiler cecal microbes of dif-
ferent MDCP addition levels
’ ’ NMDS.
- NMDS Stress NMDS. Non-Metric Multi-Dimensional Scaling
0. 001, . 4 4 MDCP 21 42d NMDS
2l d (Step 1. 0) ’ 4 Fig.4 NMDS analysis of 21 and 42 d broiler cecal microbes
(Step L 1.Step L 2,Step 1 3 Step L 4) of different MDCP addition levels
s . 42 d (Step
2. 0) ; (Step 3 4 ’ ’
2.1.Step 2 2.Step 2.3 Step 2 4) . , 2 ,
21 42 d.MDCP DCP 1 , podzd
o ) 1 4
21 42d , » 2
, , , 3 . 21d
. Unweighted Unifrac UPGMA ’
(Unweighted Pair-group Method with Arithmetic . 4z2d 3
Mean ) 5, 21d , °
5 Unweighted Unifrac UPGMA

Fig.5 UPGMA clustering tree based on Unweighted Unifrac distance
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