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ABSTRACT This study was conducted to investigate the appropriate levels of crude protein (CP) and Phytase in the diet
of broiler chicks in order to reduce nitrogen and phosphorus contents in feces while maintaining performance of broilers. Six
hundred forty-eight 1-day-old male broilers (41.9+£0.91 g) had a total of 3 x 3 complex factor of 3 levels of CP (20%, 19%,
and 18%) and 3 levels of Phytase (1,000, 800, and 500 FTU/kg) in the diet. Divided into 9 treatments, 4 replications per
treatment, 18 birds per replication, were completely randomly assigned and reared in a metabolic cage for 7 days. Seven-
day-old body weight (BW) and body weight gain (BWG) of broilers were significantly lower at CP 20% treatment (P<0.05),
and feed conversion ratio (FCR) was significantly lower at CP 21% and Phytase 800 FTU/kg treatment (P<0.05). Nitrogen
and phosphorus contents in chicken excreta were significantly lower in CP 20% and Phytase 500 FTU/kg treatment,
respectively (P<0.05). Interactions between CP and Phytase in the feed were shown for nitrogen and phosphorus in feces
(P<0.05). In conclusion, considering the broiler performance and excretion contents of nitrogen and phosphorus, it is thought
that CP and Phytase levels of broiler chicks diet can be reduced by 21% and 800 FTU/kg, respectively.

(Key words: broiler, crude protein, Phytase, nitrogen, phosphorus)
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Table 1. Ingredient composition and nutrient content of the experimental diets

Ingredients Phytase (FTU/kg) 1,000 (0.1%) 800 (0.08%) 500 (0.05%)
(%) CP (%) 20 19 18 20 19 18 20 19 18

Com 39.91 41.55 44.834 39.91 41.55 44.834 39.91 41.55 44.834
Wheat 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Wheat bran 10.36 11.73 11.69 10.38 11.75 11.71 1041 11.80 11.74
Soybean meal 33.84 30.72 27.70 33.84 30.72 27.70 33.84 30.70 27.70
Soybean oil 9.73 9.72 9.35 9.73 9.72 9.35 9.73 9.72 9.35
Limestone 1.76 1.77 1.77 1.76 1.77 1.77 1.76 1.77 1.77
Dicalcium phosphate 0.50 0.50 0.51 0.50 0.50 0.51 0.50 0.50 0.51
Lysine 0.29 0.35 0.42 0.29 0.35 0.42 0.29 0.35 0.42
Methionine 0.23 0.24 0.26 0.23 0.24 0.26 0.23 0.24 0.26
Vit.-Min. Premix' 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Threonine 0.03 0.07 0.11 0.03 0.07 0.11 0.03 0.07 0.11
Phytase 0.10 0.10 0.10 0.08 0.08 0.08 0.05 0.05 0.05
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Calculated Values

ME (kcal/kg) 3,100 3,102 3,101 3,100 3,102 3,101 3100 3102 3,102

CP (%) 20.01 19.02 18.01 20.01 19.02 18.01 20.02 19.02 18.02

Ca (%) 0.92 0.92 0.91 0.92 0.92 0.91 0.92 0.92 0.91

Available P (%) 0.27 0.26 0.26 0.27 0.26 0.26 0.27 0.26 0.26

Lysine (%) 1.27 1.26 1.26 1.27 1.26 1.26 1.27 1.26 1.26

Methionine (%) 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52

Threonine (%) 0.77 0.76 0.76 0.77 0.76 0.76 0.77 0.76 0.76

! Vitamin mineral premix: vitamin A, 1,600,000 IU; vitamin Ds, 300,000 IU; vitamin E, 800 IU; vitamin B;, 97 mg; vitamin B,, 500 mg; vitamin
B¢, 200 mg; vitamin By, 1.2 mg; vitamin Kj, 132 mg; choline chloride, 35,000 mg; nicotinic acid, 2,000 mg; pantothenic acid, 800 mg; folic
acid, 60 mg; manganese, 12,000 mg; zinc, 9,000 mg; iron, 4,000 mg; copper, 500 mg; iodine, 250 mg; cobalt, 100 mg; selenium, 50 mg.

Table 2. Analyzed amino acid contents of the experimental diets

Phytase (FTU/kg) 1,000 (0.1%) 800 (0.08%) 500 (0.05%)

1 0,
Ingredients (%) CP (%) 20 19 18 20 19 18 20 19 18

----- Analyzed value -----

---------- Indispensable amino acid (%)----------

Arginine 1.29 1.08 0.84 1.08 1.08 0.84 1.23 1.06 1.10
Histidine 0.48 0.42 0.33 0.42 0.40 0.33 0.46 0.40 0.33
Iso-leucine 0.79 0.68 0.53 0.65 0.66 0.57 0.77 0.67 0.70
Leucine 1.52 1.30 1.05 1.28 1.27 1.07 1.47 1.28 1.31
Lysine 1.26 1.11 0.91 1.08 1.04 0.96 1.18 1.10 1.09
Methionine 0.30 0.29 0.26 0.34 0.30 0.26 0.32 0.14 0.30
Phenylalanine 0.98 0.86 0.69 0.84 0.81 0.69 0.93 0.83 0.84
Threonine 0.87 0.78 0.67 0.73 0.81 0.66 0.81 0.78 0.81
Valine 0.90 0.80 0.62 0.74 0.77 0.66 0.89 0.76 0.81
---------- Dispensable amino acid (%)----------
Alanine 0.90 0.77 0.61 0.75 0.77 0.65 0.87 0.77 0.78
Aspartic acid 2.21 1.84 1.45 1.88 1.77 1.50 2.09 1.84 1.87
Cystine 0.38 0.38 0.37 041 0.34 0.32 0.40 0.37 0.37
Glutamic acid 3.51 2.99 2.37 2.94 2.90 244 3.34 2.98 3.00
Glycine 0.84 0.71 0.56 0.69 0.70 0.58 0.79 0.70 0.72
Proline 1.09 0.95 0.74 0.89 0.92 0.76 1.02 0.88 0.93
Serine 0.99 0.84 0.68 0.85 0.80 0.67 091 0.83 0.84

Tyrosine 0.72 0.63 0.50 0.61 0.60 0.51 0.67 0.60 0.62
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g ol g3lel #HHY

5 =3l 20 800 7484 554.5 7334 0.98
B QoA ol BE ATEL SASR019)¢] GLM 500 6833 576.6 765.8 1.02
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18 800 7715 586.3 716.7 1.03
500 730.0 545.6 810.8 111
Z 1 |
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AT, S AIRYFE X MERTE 20 7542 5596 539 1.14
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CP % Phytase H7} <5 1 E frofaE HolA] sttt 500 736.9 46.1 55.0 1.20
SEM? 65.17 477 5.74 0.123
2. U Eaep ol gzt P-Value
B Ao A2 W CP 2 Phytase 7} G250l w}é ¥ Crude protein 0.57 0.63 0.26 0.11
W AL} o e Table 40 YERNIY. SA & Phytase 0.08 0.08 0.73 0.07
A4 32 AR U] Phytase 500 FTU/kg 3 7F A 2.98% 2 Phytase x CP 0.20 0.20 0.12 0.13
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7} 99Ot B2 Fhasks Akl Bix 1 o) 3 2 SEM, standard error of means (n = 12).
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Table 4. Fecal nitrogen and phosphorus contents according to
dietary crude protein and additional Phytase levels

Treatments
P (%) Phytase Nitrogen (%)  Phosphorus (%)
(FTU/kg)

1,000 3.16" 1.08°
20 800 3.67° 1.14%¢
500 2.97* 1.09%
1,000 3.05™ 1.18%
19 800 3.37%° 1125
500 3.02% 1.13%¢
1,000 2.88° 1.24°
18 800 3.07% 1.20°
500 2.95% 1.21°
SEM! 0.275 0.059

CP (%)
20 327 1.10°
19 3.15 1.14°
18 2.97 1.21°
SEM® 0.323 0.059

Phytase (ppm)

1,000 3.03b 1.17
800 3.37a 1.15
500 2.98b 1.14
SEM? 0.298 0.076

P-Value
Crude protein 0.09 <0.01
Phytase <0.01 0.77
Phytase x CP 0.01 <0.01

' SEM, standard error of means (n = 4).

2 SEM, standard error of means (n = 12).

* SEM, standard error of means (n = 12).

#4 Means in same rows with different superscripts are signifi-
cantly different (P<0.01).

3} valine®] 4388 Phytase 500 FTU/kg 7} Aol zkzt
84.3%9} 72.9%% O LKP<0.05), 2L 9] P opnit A&
3h&-2 Phytase 700l TWHE fol 2% Alo] & Hol#] gsith
£, BE I opn|iite] 28ke2 CP el WE fre
217F g4t} Iso-leucine, leucine, methionine, threonine 2
valine®] 4:3}-&-2 Phytase 7} 53 CP = Alolof| g5
Zhgo] &S HAFATHP<0.05, P<0.01).

Table 72 At W] CP 50l wh& ] opw] it 4:3)
&S YeRA Aot} Aspartic acid 2 glutamic acid £3}-&2

Table 5. Digestibility of dry matter, crude protein, ether extract,
and phosphorus according to dietary crude protein and
additional Phytase levels

Treatments Dry Crude Ether Phosphorus
Phytase matter protein extract o
0 Z
PO g 0 ) P
1,000 61.9° 63.7 70.4 459°
20 800 65.6™ 67.1 76.5 48.3%
500 65.4% 66.7 75.9 440
1,000 65.6™ 67.1 76.5 48.3%
19 800 72.8° 68.2 84.3 58.1°
500 69.8% 70.4 81.4 53.0%
1,000 65.4% 66.7 75.9 440
18 800 71.6® 72.2 85.2 534
500 71.1% 72.0 73.6 48.9°
SEM! 4.09 492 8.76 6.45
Crude protein (%)
20 63.0 654 71.5° 43.1°
19 69.4° 68.6 80.7° 53.1°
18 69.3 70.3 78.2% 48.7°
SEM? 4.58 498 8.81 7.43
Phytase (ppm)
1,000 64.3 65.8 74.3 46.1
800 68.7 68.1 79.6 49.1
500 68.8 70.4 76.6 49.8
SEM? 5.07 5.07 9.44 8.39
P-Value
Crude protein <0.01 0.06 <0.05 <0.01
Phytase 0.06 0.11 0.39 0.51
Phytase x CP <0.01 0.16 0.15 <0.01

' SEM, standard error of means (n = 4).

2 SEM, standard error of means (n = 12).

3 SEM, standard error of means (n = 12).

"¢ Means in same rows with different superscripts are signifi-
cantly different (P<0.01, P<0.05).

Phytase 500 FTUrkg 47} Alo] 22t 81.2%9} 87.6%2 7173
EJTHP<0.05). Aspartic acid 2 glutamic acidE #| 2|3+ H]
P ohn gt 4238 Phytase 750l WHE 2] 2 91 A)o]
£ Holx] &stom, HA HBg ofn|qhe] Asla CP
oo w2 Fo) 27t 9IAT). Alanine, aspartic acid, gluta-
mic acid, glycine, proline 2 serine®] A3}-&2 CP 42
Phytase 37} 0] FEA-8-9s HAFJATHP<0.05).
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Table 6. Digestibility of essential amino acids according to dietary crude protein and additional Phytase levels

& Treatm;‘;t;ase ARG HIS I-LE LEU LYS MET PHE THR VAL
%) (FTUkg) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1,000 89.6 85.1 79.4% 84.2° 86.3 79.8° 83.3 78.4% 7231
20 800 86.0 81.5 715 76.6° 81.6 78.8° 77.7 70.6° 62.0°
500 90.2 85.4 80.5° 84.2° 85.6 85.1° 83.5 76.8% 73.5°
1,000 89.0 84.4 76.7% 81.6™ 84.1 80.6° 82.6 77.1%¢ 70.8*
19 800 90.0 86.3 80.5° 84.0° 85.3 85.0° 83.8 80.4° 733"
500 89.3 85.2 79.5%® 834" 85.2 85.2° 83.3 79.0% 72.1°
1,000 90.2 85.4 80.5° 84.2° 85.6 85.1° 83.5 76.8% 73.5°
18 800 84.8 79.7 72.9% 77.1° 80.7 80.0° 772 71.3¢ 62.2°
500 90.1 86.1 79.5%® 83.6™ 85.4 82.6% 83.8 80.1° 73.1°
SEM! 3.13 3.63 431 3.99 3.33 3.39 3.71 418 5.34
Crude protein (%)
20 88.6 84.0 77.1 81.7 84.5 81.2 81.5 75.2 69.2
19 89.3 85.2 789 83.0 84.9 83.4 83.2 78.8 72.1
18 87.0 81.7 74.6 79.4 82.4 80.4 79.8 74.7 65.4
SEM® 3.07 3.97 5.17 4.63 3.52 3.49 4.11 4.95 6.64
Phytase (ppm)
1,000 88.2 82.9 75.8 81.1 83.8 79.6° 81.5 76.0 68.0°°
800 86.8 82.5 75.0 79.2 82.5 81.2° 79.5 74.1 65.8°
500 89.8 85.5 79.8 83.8 854 84.3 83.5 78.6 72.9°
SEM? 2.96 4.03 5.02 4.49 3.49 6.65 4.01 4.94 6.54
P-Value
Crude protein 0.18 0.11 0.14 0.17 0.19 0.19 0.08 0.09 0.06
Phytase 0.05 0.17 0.05 0.06 0.15 <0.05 0.07 0.09 <0.05
Phytase x CP 0.05 0.05 <0.01 <0.05 0.14 <0.05 0.05 <0.01 <0.01
" SEM, standard error of means (n = 4).
2 SEM, standard error of means (n = 12).
* SEM, standard error of means (n = 12).
*7° Means in same rows with different superscripts are significantly different (P<0.01, P<0.05).
o E 2 AP e §A Ex Wl 2h T2 AE Ul CP 7%
< SFAA s E s By fo049 Atol= Il
B AFEe] SA v i g A7) S8l A o} =3k S Bk W 91 $Hake Phytase 1,000 FTU/kg %12
2 U CP 28 B WS AX8kaL tk(Bregendahl et TolA 117%2 7P =% o Fo] 291 2lel & HolA] &%k

al., 2002; Angel et al., 2006; Hernandez et al., 2012; Lemme
et al,, 2019). 3+ thfet AFEo] SA A Ul < s
A7A7]= WHO 2 Phytase H7FE A|AISFL AT Lenis
and Jongbloed, 1999; Bedford, 2000; Selle and Ravindran,
2007). 22}, Hofimann et al.(2019), Hilliar et al.(2020) 2
Hofmann et al.(2020)2 S7] Al= U] CP 5 R530S o
Aol AzbEta 319121, Babatunde et al.(2020)2}
Attia et al.(2021)2 SA9] AW A ALS ] Phytase H717}
A el anpAoleta slgit) & AP E SA A
7] Ate W CP 55 9s W, Alsd SAH @S 4st
I ARARTEE S7kke S Bl A2l Ale]dA]

oAl Aol HolA| &ttt

om, CP 18% A2 7olA 717 =S8kt Phytase 71l gt
0|7 AtellAE 500 FTUKkg ©]8t2 FF 5= Phytase= <1
= BIRES 718 ddae] LskeS AT SkvleH
(Ravindran et al., 1999; Selle et al., 2000; Ravindran et al.,
2008; Powell et al., 2011), T S 7} 02 &4 ik
S A7 Q19 Wi EE =Y 4 Tkl Sk TH(Lenis
and Jongbloed, 1999; Bedford, 2000; Selle and Ravindran,
2007). £ A= Phytase H7}F G=0] 7P W w(<500
ppm) A4} Q1] ujd gFo] Zhasiglom, CPot Q19| 4xshe
< Phytase 500 FTUkg *2]7olA 7FF =t 13,
Phytase 7<ol] wH2 A1bg 74l Bl e Relad A4k 23
2 9lgle] Ao AR 3|Alel & B B Phytase S 7))
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Table 7. Digestibility of non-essential amino acids according to dietary crude protein and additional Phytase levels

Treatments
some WD W W wow W
(%) (FTU/kg)
1,000 70.3° 81.9° 68.4 88.4° 62.9% 80.6™ 83.5% 80.9
20 800 60.5° 74.7° 66.1 83.4% 49.7° 73.2° 76.9°¢ 76.2
500 7.7 81.4" 73.4 87.2%¢ 62.6 80.8% 81.2% 81.0
1,000 65.7% 78.5% 73.0 87.7" 63.3% 81.6™ 82.1°% 81.0
19 800 72.6" 80.7° 72.6 87.5% 66.8° 83.2° 82.6® 81.9
500 70.0° 81.1° 71.7 87.6% 63.0° 79.7% 82.4% 81.3
1,000 59.0° 73.1° 71.3 83.8¢ 52.3% 75.1% 75.8%¢ 76.3
18 800 70.0° 81.1° 71.7 87.6™ 63.0%° 79.7% 82.4% 81.3
500 70.7° 81.2° 74.0 87.9® 66.8° 81.9® 83.8° 82.4
SEM! 5.66 3.98 4.45 2.57 7.54 455 4.09 3.87
Crude protein
20 67.5 79.3 69.3 86.3 584 782 80.5 79.3
19 69.4 80.1 724 87.6 64.3 81.5 82.3 81.4
18 63.7 75.6 70.7 84.8 574 76.7 78.1 779
SEM® 6.89 481 479 2.99 8.79 5.23 473 423
Phytase
1,000 65.0 77.8% 70.9 86.6% 59.5 79.1 80.4 79.4
800 64.8 76.0° 68.5 84.5° 56.6 76.5 78.1 77.7
500 70.8 81.2° 73.0 87.6" 64.1 80.8 82.5 81.5
SEM? 6.72 471 4.58 2.93 8.78 5.32 471 4.17
P-Value
Crude protein 0.13 0.06 0.29 0.08 0.13 0.09 0.11 0.14
Phytase 0.06 <0.05 0.07 <0.05 0.12 0.16 0.09 0.09
Phytase x CP <0.01 <0.01 0.13 <0.05 <0.05 <0.05 <0.05 0.06

' SEM, standard error of means (n = 36).
2 SEM, standard error of means (n = 12).
3 SEM, standard error of means (n = 12).

24 Means in same rows with different superscripts are significantly different (P<0.01, P<0.05).

31 ST Walters et al., 2019). =3t B4 olu] Al 2 methio-
nine Z} valine, V|4~ o} =4t F aspartic acid$} glutamic
acid®] &8}&o] Folxith

7taFE WA Phytase Aol F-=3sle] g Q)
(phytate-P)°] el R Q19| Ash&o] w7 witel, <1 o+
Fe A7 A E Fr] ik BEFo] Fasitt
(Wendt and Rodehutscord, 2004; Cowieson et al., 2006). ©]
A AFNM= A& W Phytase H7F Al F7] <14k o=
< Zole Aoz Yeha ltiWalters et al., 2019). o]&
Phytase %717} phytate} 23+ Q1S ETjA| o 2H o] &
bk Q19 e SV 7] Wi R AlsEnh

webr, #& 59| Phytase H7le © B2 IEECQ]
(Phytate-P)& &3l1A17]7] wiitol]l 19] o]-&&e] Folxith
e, AR U 2eE FES A3RA717] HsiA] AT
uh uigt ¥ 8-S W= 7 -$(Chrystal et al., 2020), Phytase
A7te EalEl e SEEle] FdgE i HEE, Yl
/] Phytase 2T o Aw B)7} 7}, ek
Phytase %7} =% ol thFan et al., 2005). & o]f
2 Al& ] Phytase & 24 500 FTU/kg F =5 A7l =
SAC] YA Bt 2 A 9w At E9E 2
T domn], AR o Adhid Abg Fo] Ald= Phytase
HA7F o W 2YE B 4 glg o= Algdnh
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