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(LR REE SRl AR BE , IR K7 410128; 2.5IRS 4 R FshBE4ms, IR Kb 410128)
HOZE. vRHL 36 LaltfL i BRI 13~15 JIiE . MR A (332.8449.9) kg MEIRIA:, BEHLATK 441, 4l 34
BE, BNESL 3:k4, S HIENEEEESECN 0.15%, 0.18%, 0.20%. 0.23%FAY H AR, Wikl 15 d, 5
60 d, e X m A A KRR AL R AL AE AR, 0T HARBEKOT X198 B RCE M IR 52 . 458 %W HIRBE R
S0 0.15%H B4 H THICR & Bt B8 I TS 4105 0.18%F1 0.200%41 4= -3 H IS B & m T 0.15%%4
B BEDTE A4 0.20%0F, HrA-M T3 HERm, 15 0.92 kg; AS[FBETTE 040 HARXT Z g 41 T
IR | RV 4R AR | BRI VER AT R ULTE AR . AR 2 TH AL 2 5 26 LTS AL 2 T0 1B 55
Wel, 2L T AL R B H R TP BT R A B AR BRI s HORBETT R BN E R AR i S . . REXR
e B AR I VS LR W, AR E BN EM A E ARSI R EL W, B ET]
(Bacteroidetes) . 7SI 1] (Proteobacteria) F1 5L ] (Firmicutes) 988 B AR MOV, AR5 & y(332.8249.9) kg
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Effects of dietary phosphorus levels on growth performance, serum
biochemical indices and rumen microbiota of Xianan cattle

HUANG Tiangi', WAN Fachun®™, SHEN Weijun!, WANG Zuo!, LIU Lei?, XIAO Dingfu!, LAN Xinyi!

(1.College of Animal Science and Technology, Hunan Agricultural University, Changsha, Hunan 410128, China;
2.College of Veterinary Medicine, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: A total of 36 Xianan cattle aged 13-15 months and weighed (332.8449.9) kg with similar genetic background
were selected and randomly divided into 4 groups with 3 replicates in each group. Cattles in 4 groups were fed diets with
phosphorus mass fractions of 0.15%, 0.18%, 0.20% and 0.23%, respectively, for a pretrial period of 15 days and a trial
period of 60 days, to determine the growth performance of the Xianan cattle and the serum biochemical indicators, and to
analyze the effects of dietary phosphorus levels on the rumen microbiota. The experiment results showed that dry matter
intake in the 0.15% group was extremely significantly lower than that of the other three groups; average daily gain of the
0.18% and 0.20% groups was significantly higher than that of the 0.15% group, and the average daily gain of Xianan
cattle was the highest, up to 0.92 kg at a phosphorus level of 0.20%. There was no significant difference in the apparent
digestibility of dry matter, neutral detergent fiber, acidic detergent fiber, crude protein, and calcium among the groups of

WisEHA: 2023-09-07 f2EIHH: 2024-05-18

4w EFXARRFREETH((32172758); FREAMHA T (2022YFD1301101-1); [EZ P4 4E4 7\ B RIAZR 15 H (CARS-37);
FAFHFHARTIH (2021RC4060); IR A 2AFF# 3L 45 H (20193050279, 20211330011)

EE®EY: FRIL(1998—), Z, WimEMA, BiEotstt, RENERAMYETSAEERREDT, 1606293070@qg.com; *EfE/EH,
TkE, W, B8, FENFR4AEFRSREEMIS, wanfc@sina.com
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Xianan cattle, and the apparent digestibility of phosphorus increased linearly with increasing dietary phosphorus levels.
Dietary phosphorus levels did not affect the concentrations of serum calcium, phosphorus, urea nitrogen, or the activity of
alkaline phosphatase. There were no significant effects of dietary phosphorus levels on ruminal fermentation parameters

in Xianan cattle. Bacteroidetes, Proteobacteria and Firmicutes remained the dominant phyla in the rumen. In conclusion,
the recommended dietary phosphorus level for 13- to15-month-old Xianan cattle with a body mass of (332.8449.9) kg is

0.20%.

Keywords: Xianan cattle; dietary phosphorus; growth performance; rumen fermentation; serum biochemical indices

BEICE N WA AR R E SR SR B
S, HRP A A R S SFER AR B &
AR, sem A KRR, (HK AR S i H A,
MISs5Zm s . SEAE0 M) BT R BRI, &
B AR FH P 25 B 0 4 288 DR A 25 36 A AR T
PBl, A Z IR, 3 Y RIS H R S
BORSFMA: | I 2E g0 2 00 A P PR R A
KW, AT BRAREE 0 HE R O, X R4 B
i, RO E R AR O WAHGET S, HIRE
oS AR D . A MAE NY/T 815—2004
CRRRFERE ) T T AR IE B4 SR bx
HE, el 4 BRI H R, BF9T H R
B A BOW B AR AR KM RR L I AR AR AT
i RSB YIX R, BEWE E M
A4 HR P BERIE BOKY-, N M SR 2%

1 #MR5EE
1.1 #M#E

PB4 13~15 AR A4, 36 3k, K&
15 4(332.8449.9) kg, HiiFg 2 Wb BH E S m A4R B
FE & AT BROS ml R AL
1.2 A&t

06 7 W PH L R R 2R BB R A R Al gk
7o BEFEEEAFN 44, 4 31 EE,
RAER 3 k4 M NY/T 8152004 { [A4-1H
FERRUE ) BTN 0.24% 0L, TRk . ML
JRHEEHA 40 6. AR 53%0(0.23% . 0.20% .
0.18%. 0.15%)f4iak5 H AR (FE 1), il 15d,
B 60 do XHES 2R TR I 3%, H K
Ko KRS HR(TMR) T4 H 8:30 F 16:30 %
Bk 1K,

*1 ER4EMBRARKETKF

Table 1 Basal composition and nutrient levels of diets for Xianan cattle

BBt TAELH 43 5T i 5350 % ol BIKEI% —
TEU% FKFN INERERE Bk MK G BERRSUS BN RSTRY TURAEL  (MIKgT) HLE HURDG 45 B
0.23 38.00 22.00 2540 7.68 1.02 0.21 2.30 0.09 3.30 6.27 13.61 809 0.68 023 298
0.20 35.00 2500 25.09 821 0.9 0.11 2.20 0.11 3.30 6.22 1360 808 0.60 020 292
0.18 32.00 28.00 25.00 8.10 0.82 0.06 2.50 0.24 3.30 6.23 13.60 8.08 053 018 292
0.15 30.00 30.00 2565 750 0.75 0.00 2.50 0.30 3.30 6.26 1361 809 045 015 295

TIRE 5 kg HHRSREL 1.6 g & 4b%1. V-A 13 000 0.00 IU. V-D34 000 IU, V-E 40 mg. %% 3.339 g. $¢4.574 g, 41 1.749 g. L 1.96 mg. %k

2.497 mg, 1§ 0.72 mg. %l 0.04 mg.

1.3 $EHRNE

A AR E BT iR IS R %4k 2 d =518
FRU& R, B RICR RS I A e, 11
P HHE(ADG). H THIFUR £ i (DMI) kR
F(FCR). TEIFIIA%S 57 255 59 K, H N EHEM
2 k4, i%ESE 3d T 8:00 Fil 15:00 KA H AR
e, BIRA SR 2 4y, Hid LA
HERER, 7 1w R TRE, [FEIscEiRE

FEAS . 2 REOSCHR 10104 J7 3 43 0 2 FRDRL 5 2 o
an T BT (DM) . KB (EE) . MLEE 1T (CP) .
FE5(Ca). BBE(TP). LLRE(GE)FIE: FR A K43
(AIA) & S8 VAN SOEST Z5MUEy )5 il & iR
PEVRURET4E(ADF) . HPEVEIR L 4E(NDF) &, LA
AlLA R INTRPEFE R T E R R L%
IEEASE 60 KRMHT, MASiEHbkcRIM, 3 000
r/min &0 10 min 455, 20 °CHRTF. FiIER
F UL, (AR 73BT (Rayto-RT6100) 73l
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W I FR 22 I 25 (PTH) . 1,25- 3R ka2
D3(1,25-(0OH)2D3) . F&E5EK (CT). £5(Ca). #(P).
BRPEBERR T (AKP) . JRZEA(BUN)SE &, AT
KRB, & 42001085 5 BT LE438-2M
B pH HHIEH pH, /MR ELE, WAMES
80 CUKFR AT S BESCHR[12]H 1) 7 il
AARA(NH-N)F i, SRS EIE GC8860 il
R YENR IR (VFA) & &, S BESCHR[13] 7 vk
el FHITERR 1Y (1530-801186) A1 BCA & FA Kl &
WE T E R I (MCP) & it R B VR X 2R
FEZAEAC R A AR AR R F 58 R

1.4 HEESH

FH SPSS 22.0 B AF XA I H s HEA TR 2y 22
8T R Duncan 3L T2 LE, i 20t

FA ATk . IR

2 HERE5DH

2.1 BRBIKEMNERFEKEENZN

PR A B A KRB N E 45 A F 3R 2,
GEOLRE . B HOARBERTR S E0FEIL, ADG &
e e BRATR B RN, 0.20% M 43 B i 1)
HIE R, N 0.92 kg, 0.15%41 ADG BE{KT
0.20%ZHF1 0.18%ZH [ ; DMI L 2Rl — IR Bk
i, 0.15%%1 DMI B EALFHAz 34119, BEFiEs)
ALY FCR WA B, SAEM S+
DM. NDF., ADF, CP. Ca fll TP (&Ml
ZRAEIE, FHETESEEIL, TP MR
THAL R R PERRAL, CP RUHILRAE 0.20%2H %
ik, FffEZEH T

=

]

*2 ARTEHKTEARNERFNEKEENERYRRIELE
Table 2 Growth performance and apparent digestibility of nutrients in Xianan cattle fed diets with different phosphorus levels

Wi o . EFRY BRI %
T3E% ADG iFfitkg  DMIit/kg FCR DM cP NDF ADF Ca TP
0.23 (0.8640.11)ab  (9.2340.22)A 10.73#1.38 88.4340.92 66.78+1.81 65.30+1.46 61.08+1.93 45.93#10.52 47.5036.31
0.20 (0.9240.13)a (9.1840.21)A 9.98+1.26 83.9535.92 63.8444.65 70.0045.87 62.78+.47 40.8546.61 42.7942.42
0.18 (0.8949.10)a (8.9340.43)A 10.03+1.47 83.5343.04 64.15+1.11 60.3445.20 57.3736.67 33.9437.32 37.6848.74
0.15 (0.7640.08)b (8.1640.38)B 10.74#1.24 87.7040.70 70.02#+2.08 61.8045.03 58.086.86 39.563.59 36.6744.59
P(4bFH) 0.036 0.001 0.566 0.249 0.081 0.134 0.529 0.334 0.179
P(&ki) 0.093 0.001 0.865 0.799 0.288 0.173 0.263 0.207 0.024
P(ZIK) 0.013 0.001 0.365 0.112 0.029 0.366 0.545 0.222 0.077

[RIFIANRIR NG TR 43 B n 4 R 1 25 56 Ge T4 L (P<0.01. P<0.05).
22 BREBPKT R ERI A E HRRA R HI—RBU, it 0.200411 1,25-(OH):Ds &1
. . B e, HEZET 0.15%4100; PTH & R PERE
kst B 24 R L3 A T b 1 0 2 285 S ) T " " U
N fik, 0.23%ZH1 0.20%2H PTH & i B %= T 0.15%
oo A PR 4lHY; CT & hERLLIETIE, 0.23%41H0 CT it i
7E Ca, P, BUN &1 AKP JEM:; Bl R4

. FRTF 0.18%ZH A1 0.15%2H 1
HIEAR, 1,25-(OH)2Ds 75 it BB H ST i 5 KA1

&3 ARARE#HKTE BRI E RS MBS (LietR

Table 3 Serum biochemical indices in Xianan cattle fed diets with different phosphorus levels
BRETEE Cafirtit/ P&rE AKP JE BUN &/ 1,25-(OH).Ds &/  PTH&HE CT &t/
3 5U% (mmol L) (mmol L) uLy (mmol 1Y) (ng LY /(pg ML) (pgmLY)
0.23 2.9040.15 2.3040.13 83.54420.67 3.4940.68 (24.8924.48)ab  (495.97476.11)a (220.85357.99)b
0.20 2.9740.04 2.2240.18 92.47+18.39 3.4940.55 (29.0343.51)a  (498.85482.20)a (266.13437.88)ab
0.18 2.9440.11 2.4610.27 94.83+13.25 3.4240.59 (27.49#4.61)a  (434.30459.92)ab (314.09453.49)a
0.15 2.9540.11 2.3940.30 82.51+7.67 3.61+40.58 (20.69#4.81)b  (370.65#47.46)b  (315.09453.89)a
P(b3T) 0.794 0.077 0.550 0.962 0.019 0.011 0.013
P(£k1E) 0.594 0.112 0.983 0.780 0.140 0.002 0.002
P(ZIK) 0.730 0.289 0.351 0.897 0.006 0.004 0.005

ISR T B 4 A 9 22 5 G127 5 X (P<0.05).
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2.3 HRBIKFXERAEE LEHEIRHIRE
PO R A 1095 18 A AR AR BN 45 2R 5 T3
4, FERERW], WTeR o0 e R B pH L
*4 WIRTRE#KTE BRNE RSB B R EHER

Table 4 Ruminal fermentation indices in Xianan cattle fed diets with different phosphorus levels
R NHsN &/ MCP & MVRASORY L []:3 TR R RT®R R
S P (Mg 100mL)?Y) (mg{100mL)Y) (mmolL?)  FEM% FE% FE%  TE% SR TR%
0.23 6.8840.13 7.0440.19  248.92420.46 55444259 71.83+1.2317.1640.45 9.00+1.27 1.0630.15 0.68+40.22 0.2820.13 4.1840.11
0.20  6.87#.10 6.73#.35  264.75435.17 55.3742.32 71.4241.1917.931.92 8.58+1.13 1.1840.15 0.7740.24 0.1340.12 4.0240.46
0.18 6.8240.08 6.8440.69  265.46425.51 54.914267 72.14+1.0617.8240.89 8.2020.67 0.9840.23 0.6640.19 0.2140.09 4.0640.27
0.15 6.8240.14 6.6740.40  259.19434.01 55.07#1.30 72.64+1.8417.3940.61 8.25%1.32 0.9840.24 0.5940.15 0.1640.06 4.1840.23

LN

P(ab3E)  0.723 0.503 0.752 0.980 0.479 0.613 0.594 0.286 0.493 0.104 0.707
P&&ME) 0277 0.221 0.553 0.722 0.208 0.785 0.196 0.253 0.314 0.189 0.946
P(Zik) 0.560 0.451 0.546 0.934 0.327 0.411 0.386 0.420 0.354 0.216 0.500

MR B A AR e, DABR AR T
Bl UCG-002 [# & (Succinivibrionaceae_UCG-002) .,
5K [CH JB _1(Prevotella_1) DL & 3% 31 2 1 )&
(Succiniclasticum) AR XS = A . it B o i 40
BAgTHE, BRI R UCG-002 1)@ Rk kR
I, TR FIRR R E AR = B R T s 0.23%
HIFIAMRINE R UCG-002 T @ AR F b B %
T HA 3 405 0.20%41 3% F IR FC B & _1 B9AXT
F R B E AR T HoAth 32HAY; 0.23%2H A 0.20%2H B
FARRTA 8 ARG =F B i 2555 T 0.18%71 0.15%2H 11

2.4 BRBKEXNERSEEMEIX R0

A R 2R A9 BT R B AR 3 EE A
T3 5. R AT ] (Bacteroidetes) . AETE
I ] (Proteobacteria) F1 )52 BE B ] (Firmicutes) /2 5
498 AR AT ] B B R B T
m, ASTE BT TR A R Tk &b, JRRE
BRI T JAARENS 2 B SR 2t n , Horpr 0.23%2H T2 1
1B REDRE 3= FE AR S AR T A A 1Y, JRRERT 1Y
AFDXF = BE AR 2 25 1 T HAZH Y

5 ARTEHKEARNERSEERENENEE
Table5 Relative abundance of rumen microflora at phylum and genus levels in Xianan cattle fed diets with different phosphorus levels
DA TR B 1%

Y AR

BRI A% FUFFEAT] ARTE AT ] JEREDEI ] ZUES IR BREERT]
0.23 (33.6941.73)A (10.5442.23)C (28.8144.90)A 10.7241.87 7.8742.64
0.20 (23.70#1.09)B (35.3244.52)A (24.4143.30)B 8.5743.26 3.24+1.66
0.18 (32.0325.65)A (25.7246.23)B (20.88+2.08)BC 6.9533.31 6.2633.32
0.15 (26.4522.31)B (34.6446.30)A (18.6243.15)C 9.9745.57 4.9042.68
Pk ) <0.001 0.001 <0.001 0.325 0.050
P(Z1) 0.158 0.001 <0.001 0.451 0.317
P(—IK) 0.203 0.001 <0.001 0.208 0.264

T A T B %
FIRKLITSS, SRR W R _L BT ASR A PRIFHTL RCO
UCG-002 /& WCHB1-41 T R HE

0.23 (8.5241.94)C (13.9641.20)AB (13.44+4.30)a 10.72-4.87 9.4242.20
0.20 (28.5843.83)A (9.0840.87)C (12.80#2.37)a 8.5743.26 7.1920.94
0.18 (22.6145.98)B (14.8933.77)A (8.9241.58)b 6.9523.31 8.3322.34
0.15 (29.7746.69)A (11.7941.87)B (8.6443.40)b 9.9745.57 7.0920.80
Pk FH) 0.001 0.001 0.016 0.325 0.113
P(&tk) 0.001 0.899 0.002 0.451 0.093
P(ZR) 0.001 0.702 0.011 0.208 0.201

[RIFA R R/ NG B 43 B R LR Y 25 5740 Ge 2% L (P<0.01., P<0.05),
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