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Introduction: Phosphorus (P) and calcium (Ca) are macro-minerals for normal growth and development.
Phosphorus plays a vital role in muscle function, enzyme activity, lipid metabolism, bone mineralization,
maintaining osmotic and acid-base balance, energy metabolism, amino acid metabolism, and protein synthesis.
In addition, in layers, P is required to replace tissue metabolites such as nucleotides and phospholipids, maintain
skeletal integrity, and produce the egg. Also, Ca is essential for eggshell formation, coagulation, muscle, and
nerve function. Bone is a rich source of P and Ca, which can be converted into bone ash (BA) as an organic
source to supply P and Ca. Today, BA has been introduced as a suitable alternative for mineral sources of P and
Ca in the poultry industry. Barshan et al reported in 2019 that the use of BA compared to dicalcium phosphate
caused a significant increase in weight in broilers. The purpose of this study was to use bone ash as a dietary P
source and to investigate the P bioavailability in it compared to monocalcium phosphate (MCP) as a standard
source.

Materials and Methods: 350 one-day-old broilers were used in a completely randomized design with 7
treatments and 5 repetitions. The dietary treatments were: 1) basic diet containing 0.11% of available P; 2, 4, 3)
supplementing the basic diet with 0.05, 0.1, and 0.15% P from MCP source; 5, 6, 7) supplementing the basic diet
with 0.05, 0.1, and 0.15% P from BA source. All experimental diets contained 0.78% Ca. At the end of the
experiment, the P bioavailability in the BA was obtained based on the P consumed in relation to the daily weight
gain and tibia bone ash by the slope-ratio method. Also, the investigated parameters such as digestibility and
antibody titer against sheep red blood cells (SRBC) were analyzed in a factorial design.

Results and Discussion: The results showed that based on the weight gain in the grower (10 to 25 days) and
finisher (26 to 35 days) periods, the bioavailability of P in BA was 82.37% and 93.24%, respectively. Therefore,
it can be concluded that with the increase in the consumption time of BA, its P bioavailability has also increased
and it has been able to compensate for the lack of growth well and almost similar to monocalcium phosphate.
Also, based on the percentage of ash and P of tibia bone, the P bioavailability was 92.86% and 96.39%,
respectively.

The factorial analysis of digestibility results also showed that by increasing the level of P in diet and using
MCP, the percentage of dry matter digestibility increases significantly (P<0.05). Also, the percentage of P
digestibility increased numerically with the increase in diet P and the use of BA. Also, factorial analysis of the
data related to the production of antibody titer against sheep red blood cells, we observed that the only
significant difference in the main effects was for the total antibody titer and 1gG in the secondary response; So
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that the antibody titer produced in the secondary response was significantly higher in chickens fed with
monocalcium phosphate than in chickens fed with bone ash (P<0.05). The results of the bone quality test showed
that the shear and tensile stress for the tibia was significantly higher in chickens fed with 0.26% P (P<0.05); but
there was no significant difference between chickens fed with MCP and BA. An increase in tensile and shear
stress means that more force is required to break these bones, which indicates the greater strength of these bones.
Measuring the percentage of ash and phosphorus (P) in tibia bones showed that as the dietary phosphorus level
increased, the percentage of ash and phosphorus in the tibia also increased significantly (P<0.05). Additionally,
using monocalcium phosphate (MCP) in the diet resulted in a significant increase in tibia phosphorus (P<0.05);
however, there was no significant difference in the percentage of tibia bone ash. Given the limited availability
and high cost of phosphorus and calcium mineral resources, it is essential to find suitable alternatives. Bone ash
(BA) is a rich source of phosphorus and calcium, which can be used as an organic source to supply these
minerals in industrial poultry diets. Consistent with our results, Van Haren et al. reported that BA can
compensate for growth deficits in broiler chickens, similar to diets supplemented with dicalcium phosphate
(DCP) and MCP, compared to diets without a phosphorus source.

Conclusion: In general, according to the results, it can be concluded that the bioavailability of P in BA is 92
to 96% compared to MCP. This result shows the good ability of BA to replace mineral sources of P. Also, since
the absorbability of MCP is higher than dicalcium phosphate (DCP), it can be concluded that BA can have the
same efficiency as DCP and be introduced as a substitute in the poultry industry.
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Table 1- Food ingredients and nutrients of experimental diets from 10 to 25 days (g/kg)

0y S ) Ve Yol Yol ¥ oles 0 jlos # e Vol
Diet composition T1 T2 T3 T4 T5 T6 T7
= 625.7 623.0 620.9 617.8 625.9 625.6 624.8
Corn (CP=7.6%)
by 326.5 327.0 327.0 328.0 326.0 326.0 326.5
Soybean meal (CP=43.0%)
by O%” 14.2 15 15.8 16.8 14.3 14.4 145
Soy oil
clyal St 0.0 0.0 0.0 0.0 3.1 6 9
Bone ash (P=17%, Ca=36%)
Sl el 5o 0.0 2.4 47 6.9 0.0 0.0 0.0
MCP (P=22%, Ca=17%)

- <oy 174 16.4 15.4 14.3 145 11.8 9.0
Limestone
Ormonsy 2.2 2.2 2.2 2.2 2.2 2.2 2.2
NaHCO3
plb o 2.2 2.2 2.2 2.2 2.2 2.2 2.2
Common salt
DL““”M_ i 2.8 2.8 2.8 2.8 2.8 2.8 2.8
DL-methionine
A 9m o3 2.0 20 2.0 2.0 20 20 2.0
L-lysine-HCI
Lodgs 1.0 1.0 1.0 1.0 1.0 1.0 1.0
L-threonine
e 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Choline chloride
\ o e

WL”’ Joss . 25 25 25 25 25 25 25
Vitamins premix
Y .

Efm oo i 25 25 25 25 25 25 2.5
Mineral premix 2

d.'ls'm blyo ).JLJ
Nutrient analysis

(PSS 2 5 JShS) puddilio J 55 2950 2950 2950 2950 2950 2950 2950
ME (kcal/kg)
(%) "“9’) 20.08 20.08 20.08 20.08 20.08 20.08 20.08
Crude protein (%)
() i S 005 1.07 107 107 107 107 1.07 107
Digestible lysine (%)
(/-) M JE u“w . 0.47 0.47 0.47 0.47 0.47 0.47 0.47
Digestible Methionine (%)
() i I Ot i 0.81 0.81 081 081 0.81 0.81 0.81
Digestible Met+Cys (%)
(F) i JB 095 072 0.72 072 072 0.72 0.72 0.72
Digestible threonine (%)
) - 0.78 0.78 0.78 0.78 0.78 0.78 0.78
Calcium (%)
() o5 501 JS s 0.25 0.30 035 0.40 0.31 0.36 0.41
Total phosphorus analyzed (%)
(2) s> JB i 0.11 0.16 0.21 0.26 0.16 0.21 0.26

Available phosphorus (%)

B2 yelig ¢3.2 Mg Bl yelig 3.2 MY Kipselg 80 U E yoliyg 5000 IU Dy ppreliyg 12000 1U - A fpoling 390 00> p)5kS 5o 13 15 polds a.x...fwb siwoling JoSo v
0.017 mg B12 yelyg 2.2 MY SJgdsul 0.22 MY 4590 4.3 MY BB yolisg 20 Mg BS5yielisg 65 MY (uwls 8.6 Mg
110 mg (s, ¢0.3 MY pouibe 120 MY j:5i0 20 MY 2l 1.25 MY 3y 16 MY o 39 010> p,55kS 2 55 05 polie 018 oli Sdne JoSo ™
Supplied per kg of diet: 12000 IU Vit A, 5000 IU Vit D3, 80 IU Vit E, 3.2mg Vit K, 3.2 mg Vit B1, 8.6 mg Vit 1 B2, 65 mg niacin, 20 mg

pantothenic acid, 4.3 mg Vit B6, 0.22 mg biotin, 2.2 mg folic acid and 0.017 mg VitB12.
2 Supplied per kg of diet: 16 mg copper, 1.25 mg iodine, 20 mg iron, 120 mg manganese, 0.3 mg selenium and 110 mg zinc.
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Table 2- Food ingredients and nutrients of experimental diets from 26 to 35 days (g/kg)

oy S Vsl Y oles Yol ¥l O les £ les Vols
Diet composition T1 T2 T3 T4 T5 T6 T7
&y
657.0 654.3 652.0 649.8 656.6 656.3 656.0

(CP=7.6%) Corn
L

> 288.2 288.6 288.8 289.1 288.4 288.4 2885
(CP= 43.0%) Soybean meal
by U‘ %) 21.3 22.2 23 23.7 214 215 21.6
Soy oil

Yool juusS
B e
(P=17%, Ca=36%) Bone ash 00 00 00 00 34 63 93
Olind S 9390

. 2. 4. 7.2 . . .

(P=22%, Ca=17%) MCP 00 6 o 00 00 00
“’““ls'; ebs 178 16.6 156 14.5 14.5 118 9.0
Limestone
e 22 22 22 22 22 22 22
NaHCO3
Pl Ko 22 22 22 22 22 22 22
Common salt
st DL 25 25 25 25 25 25 25
DL-methionine
4S50 05 1.9 1.9 19 1.9 1.9 1.9 1.9
L-lysine-HCI
osg L 09 09 09 0.9 0.9 09 09
L-threonine
o F’J’S . 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Choline chloride
\ . -

u“"l” Jose . 25 25 25 25 25 25 25
Vitamins premix *
Y .

e JoSa 25 25 25 25 25 25 25
Mineral premix 2

i Slgo LT
Nutrient analysis
PARS 2 SIS5S) iyl JB 551 3025 3025 3025 3025 3025 3025 3025
ME (Kcal/kg)
(%) o5 18.56 18.55 18.54 18.56 18.56 18.56 18.56
Crude protein (%)
(7) e B 003 L . 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Digestible lysine (%)

(F) i I ot 0.43 0.43 0.43 0.43 043 0.43 0.43
Digestible methionine (%)
(F) i B oot Orisite 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Digestible met+cys (%)
(F) e JB 095 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Digestible threonine (%)
) ”‘““ls-; 0.78 0.78 0.78 0.78 0.78 0.78 0.78
Calcium (%)
() o 561 JS st 0.25 0.30 0.35 0.40 031 0.36 0.41
Total phosphorus analyzed (%)
(4) s JB o 0.11 0.16 0.21 0.26 0.16 0.21 0.26

Available phosphorus (%)

BZU,AL@ 3.2 mg Blwl’.‘” 3.2 mg Kuwl..‘9 801U EJ.ALJ’ 5000 IU Dgix,ol;‘ﬁ 12000 IU Awbﬁ Dy 0> f)f}l..f 2 ).lblfzo c.&....\fwb wL)? JQSA v
0.017 mg B12 yelig 2.2 MY SJgdinsl €0.22 MY (4540 4.3 MY BB uoliyg 20 Mg B5pueliyg 65 MY oyl 8.6 Mg
110 mg (g9, ¢0.3 MY pouiks 120 MY j:50 20 MY 2l 1.25 MY 3y 16 MY o 392 010> £, skS s3> 305 polie 018 oli Sdne JoSo ¥
B2, 65 mg niacin, 20 mg B1, 8.6 mg Vit K, 3.2 mg Vit E, 3.2mg Vit D3, 80 IU Vit A, 5000 IU Vit Supplied per kg of diet: 12000 IU Vit

B6, 0.22 mg biotin, 2.2 mg folic acid and 0.017 mg VitB12. pantothenic acid, 4.3 mg Vit
2 Supplied per kg of diet: 16 mg copper, 1.25 mg iodine, 20 mg iron, 120 mg manganese, 0.3 mg selenium and 110 mg zinc.
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Table 3- Estimation of bone ash phosphorus (P) bioavailability based on average daily weight gain compared to consumed

phosphorus
b gl OgeyS ) sAblee O o (1) comss ol o5 55
P source Regression equation R-square Bioavailability (%)
lbnporlS 350 Y=0.0732 X+ 33.14 0.96 100
sy YO LY. MCP
10 to 25 days oyl s Y=0.0603X+ 33.94 0.92 82.37
Bone ash
land S gige Y=0.1199 X+ 37.04 0.90 100
59, YO L YS MCP
26 to 35 days Oyl uss Y=0.1118 X+ 37.19 0.91 93.24
Bone ash
bl gige Y=0.0994 X+ 34.46 0.94 100
LAY MCP
Jascil Sl
10 to 35 days ol st Y=0.0856 X+ 35.30 0.94 86.11
Bone ash
60.00 60.00
MCP Bone ash
s;')'l ﬁ " 9‘ N_M.UJS_ 959& ’-‘ AP | ’m B
55.00 .‘ sso0 7 F ]
® .- "
~ e
& e .o
-t -.. .
50.00 50.00 Q.
’ e @
45.00 _.-'-. 45.00 o B}
o y = 0.0994x + 34.468 ¥ =0.0856x +35.308
‘ R?=0.949 o R?=0.9418
A40.00 A40.00 b
50.00 100.00 150.00 200.00 250.00 50.00 100.00 150.00 200.00 250.00

(Gos YO U V+) atolajl 0,90 S 5> (Bpae yimd 4 s &gy (59 (il gms Sy Jloges =Y S
Figure 1- Regression diagram of daily weight gain in relation to phosphorus consumed during the total experimental period
(10 to 35 days)
el ()5 o) 53y 03 (Bran shmd (i 035 (B yge o (p)5) alis) Gy SRl (ke om LIS (93905 yee
The vertical axis shows the average daily weight gain (g) and the horizontal axis shows the amount of phosphorus consumed
per day (mg).
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Table 4- The effect of the source and level of phosphorus (P) on the performance of Arian strain broilers (g)

o 10 to 25 days 26 10 35 days
P source P level
ADWG! ADFI2 FCR3 ADWG! ADFI2 FCR?
ﬁ:pi\is;hborus source 0.11 % 38.15¢  61.72¢  161° 4462¢ 7433 166
s , 0.16 % 40559 64390 159 abe 58209  93.06% 159
o el 5ige 0.21 % 4336 p5.25a8c  150d 63.19b%  102.03%  1.50
MCP 0.26 % 46122 68562  1.489 69.182  108.032  1.48
R 0.16 % 30.92% G443 161 55999  89.75¢ 168
057 ’;“5 0.21 % 4261°¢ 6582 154 bcd 60.04bd 9622t 154
Bone as 0.26 % 4442 6813 153 65.93% 103.22% 155
SL‘;' )L“"‘ <0.0001 <0.0001 <0.0001  <0.0001 <0.0001 0.203
-valu
oSl ;E’“:”' ol 0.398 0.852  0.015 1.343 1.493  0.029
Lol gl
Main effects
- 0.16 % 4023° 6441% 1602 57.09¢ 91.40°¢  1.60
;"I“'“’ "T’” 0.21 % 4299  6553b 152D 6162  99.13b 161
eve 0.26 % 4494 68352  152b 67.552  105.65° 1.56
Ejlw: e <0.0001  0.0002 <0.0001 <0.0001  <0.0001  0.099
-value
o "“M”é:g £ 43342 6607  1.52° 63522  101.052 1.59
S
P source 0'985‘1“' ’““I: “  a10° 6613  157¢ 60.65°  96.39°  1.59
one as
I;”‘“a’l' ’e*“" 0.0026  0.927  0.0009 0.0215 0.034 0971
-valu
Dl il 3l
4 Intractional
Jles] o
P-value

o o 0.129 0.828 0.276 0.923 0.885 0.909
Hd o X jaud g
P source x P level

St s i tailiyy (Bpme Shygs Silee T tailiy, g IR Sile !
A5 15 blize 3l Sle Slnlie ¢ ilite @l 1 390 jloline Judoey ¥
(P<0.05 55 caus) dited g )lol Llodd 51 Jolins gl (gl)ls ccglize gy by gy > Slasl @
! Average daily weight gain; ? average daily feed intake; 2 feed conversion ratio
4 Due to non-significance of interaction effects, mean comparisons of interaction effects were not reported.
abV/alue in each column with different letters has statistically significant differences (Tukey's test P<0.05).
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Table 5- The effect of the source and level of phosphorus (P) on the antibody titer produced against sheep red blood cells in broilers

(Log2)
aJgl gl 96 b
JENCIPI i o Primary response Secondary response
P source P level Js b s IgG IgM JS b 5 I9G IgM
Total antibody Total antibody
o e 0.11 % 2.20 1.00 1.20 3.40b 1.802 1.60
No phosphorus source
- , 0.16 % 3.20 120  2.00 6.00 @ 340% 260
Sl S gigo 0.21 % 3.40 160  1.80 6.222 360ab 260
Mcp 0.26 % 3.80 180  2.00 6.40 2 400% 240
R 0.16 % 2.60 140 120 4.00 @ 2.00° 2.00
il S’ 0.21% 3.20 160 260 5.40 @ 260% 280
Bone ash 0.26 % 4.00 2.00 2.00 5.80 @ 3.40% 2.40
Jla! e 0.371 0393 0.767 0.0041 0008 0518
P-value
0be 3] (sl 0.595 0329  0.489 0.568 0444 0437
SEM
Lol il
Main effects
- 0.16 % 2.90 130 160 5.00 2.70 2.30
;“TB J‘Tﬁ 0.21 % 3.30 1.60 1.70 5.80 3.10 2.40
eve 0.26 % 3.90 190  2.00 6.10 3.70 2.70
Jla! e 0.261 0261  0.862 0.165 0125  0.623
P-value
o Slinsd ool gige 3.49 153 193 6.20 3.362 253
JEMCR MCP
P source oyl s 3.26 1.66 1.60 5.06 " 2.66° 2.40
Bone ash
Jloz e 0.685 0.650  0.396 0.024 0016  0.703
P-value
Dlize cl gl
L Intractional

Jlezs) ke
P-value

o o 0.800 0.948 0.682 0.425 0.702 0.623
Hd o X jaud g
P source x P level

(P<0.05 S5 ) s gl Llod 51 Jlolies coglis (gl)ls acglisie Gy > by ygies o po olae) @
i )8 lize <l 1 S5k lunlie ¢ iliize <l 31 (g0 jolize Judoay
abV/alue in each column with different letters has statistically significant differences. (Tukey's test P<0.05).
! Due to non-significance of interaction effects, mean comparisons of interaction effects were not reported.
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Table 6- The effect of the source and level of phosphorus (P) on tibia bone quality in broilers

. . e Jsk ol 583 b olos & ¥gie oels N
S e yhud gl Dry Length 039 Diaphysis VC/:II Medullary Jlo)bgens (St 929)
Psource P level weight (mm) Weight diameter thickness canal Tibiotarsal ~ Robusticity

(mg) index (mm) (mm) diameter index index
(mm)
o 238
S 011%  1606¢ 6779  23.71¢ 5.93¢ 0.88° 5.05 14.86 5.75 @
No P
source

Sy, 016% 17729 703%  2517% 600 0.93 b 5.07 15.52 5.812
e 021%  2018°  713°  2828b  6.14 4 0.98 ® 5.16 15.98 5.64b
McP 026% 23322 7362  30.31% 6.352 1.032 5.32 16.24 5.63°
sl 016%  1706%  68.7%  24.80¢% 6.192 0.95 abe 5.34 15.34 5.75 @
e 021% 18409 706° 2605 6.352 0.95 @° 5.40 14.95 5762
J
B?]ne 026%  1960%  71.1b 2753  pogad 1.00 @ 5.28 15.92 5,68 @
asl
EJ‘*\*I‘;I'J:“ <0.0001 <0.0001 <0.0001  0.0012 0.0002 0.05 0.122 0.0007
;’*;’ML*‘ bl (sl 3205 0388  0.389 0.072 0.019 0.078 0.368 0.029

ol ol
Main effects
o 016%  1739°  695°  2498° 6.09° 0.94° 515 1543 5782
s 021% 1920 709>  27.16b 6.24 0.96° 5.28 15.46 570°
blovel  026%  2096% 7247  ©28.92 6312 1.012 5.30 16.08 5.66
I;J‘*\*/”;'J:’“ <0.0001 <0.0001  <0.0001 0.017 0.002 0.137 0.163 0.0007
S gig0
clh.s 2007 7172  27.92% 6.16 0.98 5.18 15.91 5.70

o MCP
yiod e e
P source "“ffb

cé';’*“‘ 18350  70.1b  26.13b 6.37 0.96 5.30 15.41 573
one
ash
Jlzs e
S <0.0001 <0.0001 <0.0001 0.074 0.402 0.057 0.107 0.141
Dlize cl gl
Intractional

5y,  016% 17729 703 2517 0 6.00 0.93 5.07 15.52 581°
e 021%  2018° 713 28.28 b 6.14 0.98 5.16 15.98 5.64b
MCP 026% 23322 736 30312 6.35 1.03 5.32 16.24 5.63°
S 016% 17069 68.7 24.80 4 6.19 0.95 5.34 15.34 5.75 @

021% 1840 706  26.05% 6.35 0.95 5.40 14.95 5762
J
Bc;]ne 026%  1960% 711  27.53bc 6.28 1.00 5.28 15.92 5.68
as
Jlza e
Pf","";‘i . 0.020 0081  0.019 0.118 0.327 0.178 0.476 0.015
b s X jd g

P source x P level

(P<0.05 S5 caus) diziads gylol Lo 5 jlolien iplis (slyls ccglisie g > b (ygias o p3 olae) 0
a\alue in each column with different letters has statistically significant differences. (Tukey's test P<0.05).
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Table 7- Effect of source and level of phosphorus on strength and tibia bone ash and phosphorus (P) in broilers

Jinsh o i e s A fed i (S yuS B (SCS)d b
) 2 2 . Tibia ash Tibia P
P source P level (N/mm?2)Shear stress ~ (N/mm2)Tensile stress (% of dry matter) (% of dry matter)
o e 0.11 % 13.03¢ 28.99 b 39.56 ¢ 259¢
No phosphorus source
e . 0.16 % 2279 % 49.642 41.77°¢ 3.11¢
Slind nlS gige 0.21% 25.00 % 52.80 2 46.89 3.78 ¢
MCP 0.26 % 27712 55.44 2 48192 4192
Jgiinl S 0.16 % 19.76 40.92 @ 41.86°¢ 2.94d
o7 0.21 % 25.04 @ 51.48 2 45250 3.68°¢
Bone ash 0.26 % 26.63 2 56.08 @ 47.65 % 4.04 2
Jlozol e <0.0001 <0.0001 <0.0001 <0.0001
P-value
0 3 il sl 1.61 3.397 0.651 0.072
SEM
ol 1
Main effects
o, 0.16 % 21270 45280 4181°¢ 3.02°¢
P 25 0.21 % 25,02 52.14 46,07 3.73b
P level 0.26 % 27172 55.75 2 47922 4112
Jlol e 0.006 0.023 <0.0001 <0.0001
P-value
o Sl el i 25.16 52.63 45.62 3.692
JERERH MCP
P source oyl S 23.81 49.49 44.92 3.55b
Bone ash
Jlo! e 0.328 0.296 0.171 0.027
P-value
Hize ol
1 Intractional

Jlazs! o
P.-v.alue . 0.663 0.404 0.364 0.861
Souud o X y0ud xio

P source x P level

(P<0.05 S5 coss) dimn g )lol Blod 51 lolins cglis (gl ) acgliza By b g yo 55 Slasl ®
A5 )15 blize il 58ke Sluslie ¢ ilite @l gl 398 oline Juloay
®\alue in each column with different letters has statistically significant differences. (Tukey's test P<0.05).
! Due to non-significance of interaction effects, mean comparisons of interaction effects were not reported.
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Table 8- Estimation of phosphorus (P) bioavailability in bone ash based on the percentage of tibia ash and phosphorus compared to
consumed phosphorus

S 2o Oy Sy dlre oS oy (30,3) (o (ol Bliis; 05)]
P source Regression equation R-square Bioavailability (%)
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Figure 2- Regression diagram of percentage of tibia bone ash relative to consumed phosphorus
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The vertical axis shows the percentage of tibia ash (% of dry matter) and the horizontal axis shows the phosphorus consumed per
day (mg).
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Figure 3- Regression diagram of phosphorus percentage of tibia bone in relation to consumed phosphorus
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The vertical axis shows the percentage of tibia phosphorus (% of dry matter) and the horizontal axis shows the phosphorus
consumed per day (mg).
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Table 9- Effect of source and level of phosphorus (P) on digestibility in broilers (%)

JrEp sind gl JETERINENSITE JERERERgENTE
P source P level Dry matter digestibility P digestibility
i e 2805 56.54 P 81.83
No phosphorus 0.11%
source

L. 0.16 % 65.64 2 83.22
And el gign 0.21% 67.42% 85.46
MCP 0.26 % 69.92¢ 86.03

. . 0.16 % 62.83 @ 84.70
olyal St 0.21% 65.57 85.71
Bone ash 0.26 % 66.01 2 86.30
Jlas! i 0.0026 0.483
P-value
orSole 3 sl clas 2.00 1.704
SEM

kol el
Main effects
. 0.16 % 64.23P 83.96
P 223 0.21% 66.49 85.58
P level 0.26 % 67.972 86.17
Jeis ! jlais 0.049 0.391
P-value
i S 550 67.66 84.90
i o MCP
P source Olozil yruSs 64.80 85.57
Bone ash
Jlazs! laie 0.023 0.621
P-value
Dl ol 3l
L Intractional

ez lain 0.774 0.912
P-value

S o X jhund gio
P source x P level
(P<0.05 S5 ) sttt (gylol Llod 51 jlaline coglis glyls acgliste g > b g o 53 lael ¥
5 yl5S blize <l Bl Sl lunlie ¢ ilize <l 31 (395 yloline Judoay
aV/alue in each column with different letters has statistically significant differences. (Tukey's test
P<0.05).
! Due to non-significance of interaction effects, mean comparisons of interaction effects were not
reported.
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