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Abstract: The objective of this experiment was to investigate the effects of different calcium (Ca) ,
non-phytic phosphorus (NPP) levels and electrolyte balance (DEB) value in a low protein diet on
growth performance, serum biochemical indices and metabolic rate of nutrients in broilers. A 3X3
two-factor completely randomized design was adopted. Three dietary calcium and non-phytate
phosphorus levels were 0.70% Ca and 0. 35% NPP, 0.80% Ca and 0.40% NPP, 0.90% Ca and
0.45%NPP, respectively. And three levels of dietary electrolyte balance (Na ™ +K"-Cl~) were 200,
250 and 300 mmol-kg ', respectively. In addition, dietary crude protein level was 19.5%. A total of
324 1-day-old Arbor Acres (AA) male broilers were randomly allotted to 1 of 9 treatments with 6
replicate cages per treatment and 6 birds per cage. The experimental period was 21 days. The results
showed that: 1) Dietary Ca, NPP and DEB value and their interaction had no significant effect (P>
0.05) on growth performance of broilers from 1 to 21 d of age; 2) The interaction of dietary Ca, NPP
and DEB value had significant effect (P<C0.05) on the alanine aminotransferase (ALT) activity in
serum. As dietary Ca and NPP levels were 0. 70% and 0. 35%, the serum ALT activity from broilers
in the 300 mmol-kg™' DEB value group was significantly higher (P<C0. 05) than that of the 200 and
250 mmol-kg ' DEB value groups. As the levels of Ca and NPP were 0. 80% and 0.40% , the serum
ALT activity from broilers in the 250 or 300 mmol-kg ' DEB value groups was significantly lower
(P<C0.05) than that in the 200 mmol-kg ' DEB value group. As the levels of Ca and NPP were
0.90% and 0.45% , DEB levels had no significant effect (P=>0.05) on serum ALT activity; 3) As
dietary Ca and NPP levels increased, the apparent metabolic rate of Ca decreased significantly (P<C
0.05). The apparent metabolic rates of dry matter, crude protein and Ca in broilers from 300 mmol-kg™'
DEB value group were significantly higher (P<C0.05) than those in 250 and 200 mmol-kg ' DEB
value groups. As the levels of dietary Ca and NPP were 0. 70% and 0.35%, 300 mmol-kg ' DEB
value could significantly increase (P<C0.05) the apparent metabolic rate of P compared with the 200
and 250 mmol-kg ' DEB value. And as the levels of Ca and NPP were 0.90% and 0.45%, the
apparent metabolic rate of P in 300 mmol-kg ' DEB value group was significantly higher (P<Z0. 05)
than that in the 200 mmol-kg ' group. These results indicated that the Ca and NPP levels of 0. 80%
and 0.40% and DEB value of 300 mmol-kg ' in a low protein diet (Crude protein: 19.5% ) were
optimal for the growth and nutrient utilization in broilers from 1 to 21 d of age.
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Table 1 Feed ingredients and nutrient levels of the basal diet (as-fed basis) %
o] HRL A R AR B K-/ Y6 Ca0.70%+ Ca0.80%+ Ca0.90% +
Dietary Ca and NPP level NPP 0. 35% NPP 0.40% NPP 0.45%

] R A O F- 5 {8/ (mmol - kg ™) DEB value 200 250 300 200 250 300 200 250 300

JFEL Ingredients
F K Corn 56.30 56.30 56.30 56.30 56.30 56.30 56.30 56.30 56.30
K1 Soybean meal 34.10 34.10 34.10 34.10 34.10 34.10 34.10 34.10 34.10
KX Soybean oil 4.43  4.43  4.43  4.43  4.43  4.43  4.43  4.43  4.43
W2 €45 Dicalcium phosphate’ 0.95 0.95 0.95 1.25 1.25 1.25 1.50 1.50 1.50
R4S Calcium carbonate’ 0.94 0.94 0.94 1.04 1.04 1.04 1.15 1.15 1.15
Z Ak Sodium chloride! 0.30  0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
DL-H & DL-Methionine' 0.31  0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31
L-#i%& M L-Lysine hydrochloride 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16

_-JR &M L-Threonine 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08

{8 2 Tryptophan 0.01 0.0l 0.0l 0.01 0.0l 001 0.0l 0.0 0.01
% Gravel® 0.81 0.81 0.81 0.41 0.41 0.41 0.05 0.05 0.05
T R 208 NaHCO, 0.002 0.42 0.8 0.002 0.42 0.85 0.002 0.42 0.85
A8 Zeolite powder’® 1.30 0.8 0.45 1.30 0.8 0.45 1.30 0.88 0.45
HIRA} Premix* 0.31  0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31

B K- Nutrition level
fRigHfE/(MJ-kg™) Metabolizable energy 12.55 12.55 12.55 12.55 12.55 12.55 12.55 12.55 12.55
HLE B Crude protein’ 19.67 19.55 19.54 19.46 19.62 19.36 19.38 19.65 19.46
Wi R Lysine 1.18  1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18
FHAM Methionine 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61
& Threonine 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
& #2 Tryptophan 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
AR + B &R Methionine+ Cystine 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
5 Calcium® 0.67 0.68 0.68 0.78 0.77 0.80 0.89 0.8 0.93
M Total phosphorus® 0.56  0.54 0.53 0.60 0.58 0.58 0.62 0.62 0.64
JEHE 2 W5 Non-phytate phosphorus’ 0.32  0.32 0.34 0.38 0.42 0.36 0.46 0.48 0.48
# Sodium® 0.11 0.21 0.34 0.12 0.24 0.36 0.13 0.22 0.32
H Kalium® 0.96 1.08 0.98 0.98 0.95 0.98 0.97 1.00 0.96
% Chlorine’ 3.87  4.34 3.40 3.24 3.35 2.89 2.54 3.07 2.17

TR BV {8/ (mmol-kg ') DEB value® 201 244 304 214 253 326 235 265 323

LGB T TR R b 2 DR v 1 A R U MR R S T . R R % A S ZE AR R R TR B T L L TR R
J 8T s s At . VA 11000 TU, VD, 4 800 1U, VE 701U, VK, 3. 5mg, VB, 4. 45mg, VB, 9 mg,VB, 6. 25 mg, VB, 0. 04 mg,
ZW2 21.75 mg, M 70 mg, M2 2. 2 mg, ¥ E 0. 3 mg, JHAH 700 mg, B 8 mg,%# 110 mg, 2k 40 mg, ¥ 60 mg, # 0. 35 mg, iff
0.35mgo °. SEAE , HoAl 3

. Feed grade. °. It was used to adjust the dietary dosage of calcium hydrogen phosphate and calcium carbonate in each treatment
group. *. Tt was used to adjust the dietary sodium bicarbonate dosage in each treatment group. *. Premix provided per kilogram of
diet: VA 11 000 IU, VD, 4 800 IU, VE 70 IU, VK, 3.5mg, VB, 4.45 mg, VB, 9 mg, VB; 6.25 mg, VB,, 0.04 mg,
pantothenic acid 21. 75 mg, nicotinic acid 70 mg, folic acid 2. 2 mg, biotin 0. 3 mg, choline 700 mg, copper 8 mg, iron 40 mg,

manganese 110 mg, zinc 60 mg, selenite 0. 35 mg, iodine 0. 35 mg. °. Measured values, others are calculated values



298 R

SR S 57 %

T N 5 ) AR TRl 5 A S 0 25 4]
HRHE IR W 5 A B R AR R R S i . HDB
Lo 275 R A A 43 B A0 22 I 3 A= AR B L AL AR T
W = fig (triglycerides, TG) . & 0 i (total
cholesterol, TC) . 4 %j #¥# (glucose, GLU) | B & H
(total protein, TP) . A & H (albumin, ALB) ER T H
(globulin, GLB) | JR % (uric acid, UA) , JR & (urea,
UREA) & &= M A TN 2 I (alanine aminotransferase,
ALT) 1 4% ¥ ¥ 44 1§ (aspartate aminotransferase,
AST)WEPE . M BB A5 B R AR R A A
KB HFSW R =[(BEAEFR 7D
IR o) /BN E IR ] X100,
1.7 HiESITSH

I SAS 9.4 ZRGEH ) — AR MER R (GLM)

J7 % T A B AT U 2R O 22 40 B, 4 B AL 4 A
HRES A A 1R W /K - R0 H A T A 9 2 R0, DA
Fax WA~ & 22 18 A9 38 AR o SR 22 43 B &
B — 2 /D B3 25 Rk (LSD) Xt 45 4
T E Z A 25 5 AT . TEAREIE S,
RAEEEAE R — DM R ot B E R
57K 5 E iy P<<0. 05,

2 &F B
2.1 ARAEE . FEBBKFESBEEREEE
X P 4F 38 A 4 14 BE B 22 0

Hi 2% 2 10, AR S A A R o K O 5 H A T
ol KW E B EAER 1~21 B A H RS
i VY H B RUREE L TC  3E5E me (P>0. 05) .

R2 WRAES . FERBEKTESRERTEEY 1~21 B AFSERERNZE'

Table 2 Effects of different levels of dietary calcium, non-phytic phosphorus and electrolyte balance value on growth

performance of broilers from 1 to 21 d of age'

il B 4 R K ) B, A R 5/ %ﬁaa%ﬁ%/gg-dﬂ -2y Elf%@/ *43&&
Dietary Ca and NPP level (mmol-kg ) Average daily (gd l.) . The ratio C.)f
DEB value feed intake Average daily gain feed to gain
550,70 % ARFE R % 0. 35 % 200 40. 27 32.47 1.25
Ca0.70% NPP 0.35% 250 45.49 33.10 1.37
300 44.78 34.56 1.30
4150, 80 %6 AR AR 0. 40 % 200 50. 76 32.78 1.55
Ca 0.80% NPP 0.40% 250 45.84 34. 00 1.35
300 45.30 32.97 1.37
H50.90% AR MRS 0. 45% 200 42.24 32.43 1.30
Ca 0.90% NPP 0.45% 250 45.65 33.57 1.36
300 43.44 32.20 1.35
LA RMED SEM 2.21 0.92 0.07
P{H P-value
T A58 55 A E AL BR B Dietary Ca and NPP 0.076 0.668 0.124
i) ML FL i 5T DEB 0.747 0.408 0.921
o] 5 R A AL TR W8+ P, i 0T T 0.128 0.542 0.169

Dietary Ca and NPP*DEB

LAUEAR 6 AT I (n—=6) . NPP. ARAHAR B s DEB. AR 75 (Na' +K'-Cl ). Tl
'. Value represents the mean of six replicates (n=6). NPP. Non-phytate phosphorus; DEB. Dietary electrolyte balance. The

same as below

2.2 AMRAES . FEBRBKESEBREEE
Xt A7 38 I 5 A 4L 15 FR B0 =2 i

1 ] AT ) AR AT AR A R W 2K S X I
ALT iEVEA B E 50 (P<<0.05) , A4S | A5 4H IR i
K5 R fif P A (R A AR X I T ALT A B

S (P<<0.05) o Al A 85 AR A W2 i /K OF- 5 L i T
P A e W A B A R HC A i 3 AR A 1R A 2
FHR W (P>0.05) o 455 A1 HE FE R Bk 7K ~F 23 51
0.70% F10. 35% I, AL fif 5 V- {E >4 300 mmol-kg
B ALT 3% 8 % 5 F 200 1 250 mmol-kg ' 2H
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Fig. 1 Effects of different levels of dietary calcium, non-phytic phosphorus and electrolyte balance value on alanine

aminotransferase activity of 21 d broilers
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Table 4 Effects of different levels of dietary calcium, non-phytic phosphorus and electrolyte balance value on apparent

metabolic rate of nutrients in broilers

o i HL o I T ML 1R M 5% W U
) 6L 45 A A R T A - P A/ WA/ % R/ % R/ % Rt/ %
Dietary Ca and NPP level (mmol*.kg™') DM apparent CP apparent Ca apparent P apparent
DEB value metabolic rate  metabolic rate  metabolic rate  metabolic rate
0. 70% AR HIERTE 0. 35% 200 69. 59 60. 62 47.63 27. 35¢
Ca0.70% NPP 0.35% 250 70. 37 61.58 51.83 28. 93
300 71.27 61.39 54.56 40. 20°
515 .0. 80 %6 AR AR 0. 40 % 200 68. 90 59. 62 43.59 32.33%
Ca 0.80% NPP 0.40% 250 69. 63 58.08 44.56 35. 28
300 71.92 63.97 52.33 35. 11
55.0. 90 % AR FE IR 0. 45 % 200 68. 46 58.42 42.92 32. 99"
Ca 0.90% NPP 0.45% 250 69. 67 59. 70 40.32 37. 06°
300 71.06 61.72 46. 86 39.01°
E 4R SEM 0.886 8 1.214 1.838 1.566
i) KR8 AN A M R 8 7K F Dietary Ca and NPP level
50.70% AEHIER B 0. 35% 70. 41 61.19 51. 34° 32.16
Ca0.7% NPP 0.35%
5150, 80 %6 AR AR 0. 40 % 70. 15 60. 56 46. 82" 34,24
Ca0.80% NPP 0.40%
50.90% R B2 0. 45% 69.73 59. 95 43.37¢ 36. 35
Ca0.90% NPP 0.45%
LA PRIED SEM 0.5120 0.7009 1.178 1. 004
T AR L i 5 S5 B/ (mmol - kg ) DEB value
200 68. 98" 59. 56" 44.71° 30. 90
250 69. 89" 59. 79" 45.57 33.76
300 71.41° 62. 36" 51. 25° 38.10
A RMED SEM 0.5120 0.700 9 1.178 1.004
P1{H P-value
T B4 R AR A R 5 7K F Dietary Ca and NPP level 0. 644 0.460 <20.000 1 0.018
T 5L FL A 5 F- 405 (6 DEB value 0.006 0.012 0.000 4 <20.000 1
o] A5 1 S AR TR T8 A T F A BT 4 0.928 0.183 0.413 0.017

Dietary Ca and NPP level*DEB value
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