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Effect of Dietary Protein Levels and Addition of Alumincum Sulfate to Litter
on Broiler Performance, Ammonia Production and Soluble Phosphorus Content of Litter

I. H. Choi and K. H. Nahm'
Feed and Nutrition Laboratory, College of Natural Resources, Taegu University, Gyong San, 712-714, South Korea

ABSTRACT : In this study, broilers were raised up to 6 weeks of age in a single room to determine if different levels of
dietary protein or addition of aluminum sulfate[alum, Al(SOs); - 14H,0] to the litter affected growth performance, production
of ammonia(NH;) and soluble phosphorus(SP) content of the litter. The experimental treatments consisted of six treatments
in a 2X3 factorial arrangements: T; = 23% protein + 0.2% alum to litter; T> = 21% protein + 0.2% alum to litter; T =
19% protein + 0.2% alum to litter; T, = 23% protein + no alum; Ts = 21% protein + no alum; Ty = 19% protein + no
alum. For broiler performance, there was no effect of alum addition to the litter, but the dietary protein levels significantly
affected feed intake from days 22 to 42(P<0.05) and day 0 to 42(P< 0.05), weight gain during all periods(P<0.05 or 0.01),
and feed:gain from day O to 21(P<0.05) and day 0 to 42(P<0.05). Alum addition to the litter did not affect body weight
at 21 and 42 days, but dietary protein levels has a significant effect on it at both 21(P<0.01) and 42 days(P<0.05). Alum
addition only affected ammonia production at weeks 3(P<0.05), but different protein levels affected ammonia production from
week 2 to week 6(P<0.05 and 0.01). The interaction between alum and protein showed a significant effect(P<0.05) at week
6. Total phosphorus content of litter was significantly affected by both addition of alum to the litter and dietary protein levels
as well as their interaction(P<0.01),but soluble phosphorus content of the litter was only affected by alum addition(P<0.05).

If we summarize this research again, when broilers are raised in the same room with 3 different protein levels and alum
addition on the litter, different protein levels affect broiler performance and ammonia content in the cage, but alum addition
did not show any significant effect except soluble phosphorus in the litter.

(Key words: alum, growth performance, protein, ammonia, soluble phosphorus, factorial arrangement)

I.M B8 dRYol A Aok EFUF AT AlsdA 710

AT
FAI A B AT e etk 53] AAN) Folut 23 Fo FREol e Not P $& F0)7] 9
g} Ql(P)e FAHeAe Yol H: glom(Schindler 5, & 2o A3t Aegso] e itk 53] aluminum sulfate

1977; Moore 5, 2001), AlARe] F7]3) /¥ Lo} (Moore, Jr., 1995), phosphoric acid(Malone, 1987), formalde-
NH)EEE Hel 357 A% 2 Anderson 5, 1964; hyde(Veloso &, 1974) 18] a1 ferrous sulfate(Huff 5, 1984)%
Quarles 9} Kling, 1974, Caveny 5, 1981) 5-& A}S-3h= Alet 7 72 33| A5 2R Hrste] ol 2 Feof N}
o] A7& Aslste 38 Welo] Bri(Carlie, 1984). 3 Po] ¢S ZoA BAAFNE SR E A=r) dA WY

E gRYo WAE thE dAe 3 28] AsnEee ol Atk E Fgoue AAage] 9id dge S0l ¥
e o] Ha gt ol#HF £ gy T 4 ohulmalts sl M B widEE Wrde A7

+ Corresponding author : nahmkh@biho.tasgu.ac.kr



14 4% E 5

_110

&Aoo 7z o] YtHFerguson =, 1998a, b).

o, ©A e mE N wjEEd Z4E W
alumE A2]ste] N} Po] uj & o] oGA MR FS v
A=A & ojw Aol Bah A4 Yo Nt pof wj&ge v
GEE vx A0 #I AT o E gle dFelth

:LE{P_E B A= §A AlB 657F 23, 21, 19%

o] Tl A S Folabi alumS 0, 200gkg 243 30 F
XJEW o A1) 4k, ammonia 7= A #2379
7HeA Qe g vty

I. Mz 3 g

ok

1. NEEE o BNl Hal 2

32 ok vk SAl(Arbor acres) ZF 904 (T
—f_— Aluminum  sulfate(Alum) 2 5 « 3 ¥H5 -« 599)&
Y

ulA wel Slsigleh AR B ARFAAZ
HEe 29 $ 2% AT, Al emE 47

o me A2 B Ssick & Agelxl o 88 67he)
ATy, T2 [ Ts, Ty, Ts, Ts—_rL)%q] S FE2 T Teoll A
= 3 ARE VIR B R AFRQ T 23%2 FAAIR
o T-9 Ts= 21%, 39 To 19%Z B-X| Al ZHTHTable 1).
Z7(FA)e] dole 0em =2 EA| 2 Alo|A] vledol] 72
srtiJohnston =, 1981). alumA &&= A1Q A2} 3L Ao T,
Ta 9} T5 7ol A] 7Z2)(rice bran) lkgol] th3bed 200g2(Moore,
Jr., 1995; Moore &, 1995) top dressing 3}3t}. Top dressing
@ % wAe P 9 Al Ao 298 &
2 TtHReece 5, 1979). Ty, Ts, ool = alume H718HA] @&
A 2o Paom BAW Al ve] 2ot
B A9 2001d 129 272 RE 20024 22 6271 4
2 2 vikm S3A004 AN

i

(e
i
rlo

%

o

o}

M,

il

B o
off % 30

2 |o

8] oAl 42 F 2k Ale] A nirt 100~150g
3lo] Zefag] W Yo T ZI|E Adste] Waw (4C &
Zyeol] EASF9ItHBitzer and Sims, 1988; Douglass and
Magdoff, 1991). ¢¥= ol 7FANH)EH L 71~ Z37)
{Gastec, Corporation 6431 Fukaya, Ayase, Japan)Z& ©]-23}91

A} 49 PR} k2 g R 584 el

ok
off

Table 1. Composition and calculated nutrient content of

experimental diets

Diet 1 Diet 2 Diet 3
Ingredients (23.0% (21.0% (19.0%
Protein) Protein) Protein)
----------------- (%) e
Y.Comn 56.700 46.000 52.500
Wheat(HARD) 13.600 14.500
Soybean Meal 28.950 25.600 17.400
Rapeseed meal 2.300 3.200
Corn gluten meal 2.800 2.500 3.100
Fish meal 5.300 3.600 3.000
Meat and bone meal 1.000 0.800 1.500
Limestone 0.950 1.150 0.775
Cal-phos(DCP) 0.700 0.700 0.500
Salt 0.200 0.250 0.250
Zeolite 0.750
Fat and oil 2.000 1.700 2.400
Vitamin-mineral premix’ 1.400 1.050 0.875
Total 100.000 100.000 100.000

Calculated analysis

Energy, Kcal ME/' kg 3,039.356 2,962.367 3,112.845

Protein(%o) 22.567 21.456 19.008
Total-Nitrogen(%) 3.820 3.670 3.280
Lysine(%) 1.344 1.337 0.960
Methionine(%) 0.520 0.497 0.401
Methionine+ Cystine(%) 0.913 0.853 0.725
Total-Phosphorus(%e) 0.655 0.605 0.580
Auvailable-Phosphorus(%o) 0414 0.381 0.365

The vitamin and mineral premix provide the following quantities
per kilogram of diet : vitamin A, 10,000 IU (all-trans-retinaol);
cholecalciferol, 2,500 1U; vitamin E, 10 IU; menadione, 2 mg;
riboflavin, 5 mg; niacine, 35 mg; D-calcium pantothenic acid, 10
mg; choline chloride, 250 mg; vitamin By;, 12 mg; folic acid,
0.75 mg; biotin, 22 mg; pyrodoxine, 18 mg; thiamine, 15 mg;
manganese, 70 mg; zinc, 50 mg; iron, 30 mg; copper, 10 mg;
iodine, 1.5 mg; cobalt, 0.15 mg; selenium, 0.10 mg; mold
inhibitor, 7 mg; antioxidant, 10 mg.

? Values for total-nitrogen are the analytical values.
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lable 2. Effect of dietary crude protein with alum and no alum on 0 to 21d, 22 to 42d, and 0 to 42d average feed intake, weight

gain, and feed : gain

Feed Intake Weight Gain Feed : gain
Treatments Days Days Days Days Days Days Days Days Days
0 t021 22 to 42 0 to 42 0 to 21 22 to 42 0 to 42 0 to 21 22 t0 42 0 to 42
(g ) e ©:g -

7 Main effect
Alum 8544227 2469+557 3,323+ 751 5244195 1,336+ 53.61 1,860+ 73.11 1.64+0.04 1.85+0.07 1.79+0.06
No Alum 864+18.9 2461+113.1 3,326+1287 538+21.1 1,357+ 86.73 1,895+107.83 1.62+0.06 1.81+0.08  1.76+0.07
Protein 23% 877+19.4 2463+75.7 3,340+ 85.1 589+17.8 1384+ 66.02 1,973+ 83.8 149+0.05 1.78%£0.13  1.70£0.06
Protein 21% 892+14.3 2,587+58.8 3,479+ 73.05 541+£249 1,405+ 444 1,946+ 694 165+0.13 1.844+0.07 1.79£1.07
Protein 19% 809+289 2345+118.7 3,154+147.6 4641182  1,251+£100.1 1,715+1182 1.74+0.05 1.88x+0.15  1.84+0.07
Interaction

‘ Tl 891 2,468 3,359 585 1,358 1,943 1.52 1.82 1.73
™2 890 2,527 3417 537 1,373 1,910 1.66 1.84 1.79
T3° 781 2,411 3,192 450 1,277 1,727 1.74 1.89 1.85
T4* 863 2,458 3,321 592 1,410 2,002 1.46 1.74 1.66
T5° 893 2,647 3,540 544 1,437 1,981 1.64 1.84 1.79
Té6® 837 2,279 3,116 478 1,224 1,702 1.75 1.86 1.83
Alum NS’ NS NS NS NS NS NS NS NS
Protein NS * * ok * * * NS *
Alu*Protein NS NS NS NS NS NS NS NS NS

" TI: Protein 23% + Alum addition,
* T4: Protein 23% + No alum addition,

7'NS : Not significant.
*P< 0.05, **P< 0.01.

2 T2 : Protein 21% + Alum addition, T3

* TS5 : Protein 21% + No alum addition,

: Protein 19% + Alum addition.,
® T6 : Protein 19% + No alum addition.
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Table 3. Effects of dietary crude protein with alum and no alum Table 5. Mean(+ SEM) values of total phosporus contents and

on average body weight at 21 and 42day age available phosphorus contents in broiler litter at 42days

Body weight Treatments Total-phophorus  Available-phosphorus
Treatments Days 21d Days 42d (g / kg) (mg P/L)
(g) Main effect
Main effect Alum 23.00+0.01 1.35+0.12
Alum 569+14.1 1,906 +44.7 No Alum 31.00+0.01 1.61+0.12
No Alum 583+16.0 1,9324+92.8 Protein  23% 32.00+0.01 1.39+0.24
Protein  23% 633+17.1 1,881+39.9 Protein  21% 29.00+0.01 1.40+0.12
Protein  21% 585+17.2 1,991 +62.4 Protein  19% 21.00+0.02 1.64+0.07
Protein  19% 509+10.9 1,752+83.9 Interaction
Interaction T1' 31.00+0.01 1.30+0.15
T1' 629 1,996 T2 23.00+0.01 1.2740.07
T2 583 1,957 T3’ 16.00+0.02 1.48+0.13
T3’ 496 1,766 T4 33.00+0.01 1.49+0.18
T4 638 2,033 T5 34.00+0.01 1.52+0.16
T’ 587 2,026 T6° 26.00+0.01 1.81+0.01
T6® 523 1,738 Alum ** *
Alum NS’ NS Protein ok NS/
Protein *k * Alum*Protein *x NS
Alum*Protein NS NS " T1: Protein 23% + Alum addition, 2 T2 : Protein 21% + Alum

addition, 3 T3 : Protein 19% + Alum addition, * T4: Protein
23% + No alum addition, > TS : Protein 21% + No alum
addition, ® T6 : Protein 19% + No alum addition.
7' NS : Not significant.
*P<0.05, **P<0.01

''TI: Protein 23% + Alum addition > T2 : Protein 21% + Alum
addition, “T3 : Protein 19% + Alum addition, * T4: Protein 23%
+ No alum addition, > T5 : Protein 21% + No alum addition,
% T6 : Protein 19% + No alum addition.

" NS : Not significant.  *P<0.05, **P<0.01

Table 4. Mean(= SEM) values of ammonia gas concentration from broiler litter

Ammonia gas concentration at wk of broiler age

Treatments
1 2 3 4 5 6
(ppm)
Main effect
Alum 1.00£0.00 1.27£0.12 2.39+0.32 10.11£2.44 27.67+ 3.24 3511+2.92
No Alum 1.00+0.00 1.29+0.10 7.72+1.89 14.89+4.08 40.00+ 841 46.22+3.29
Protein  23% 1.00+0.00 1.42+0.19 4.35+0.93 14.17+5.20 39.33+ 341 42.33+2.80
Protein  21% 1.00+0.00 1.30+0.06 7.84+2.09 13.92+3.52 30.34+ 4.30 40.84+3.26
Protein  19% 1.00+0.00 1.12+0.08 2.99+0.31 9.41+1.06 31.84+ 9.76 38.84+3.25
Interaction
T1! 1.00+0.00 1.47+£0.26 2.53+0.26 10.33+2.40 3533+ 240 40.67+2.96
T22 1.00+0.00 1.27+0.03 2.67+0.67 11.17+2.30 23.67+ 273 30.67+3.48
T3° 1.00+0.00 1.0740.07 1.97+0.03 8.83+2.13 24.00+ 4.58 34.00+2.31
T4* 1.00+0.00 1.37+0.12 6.17+1.59 18.00+8.00 4333+ 441 44.00+2.64
T3 1.00+0.00 1.334+0.09 13.00+3.51 16.67+4.25 37.00+ 5.86 51.00+3.05
T6 ® 1.00+0.00 1.174+0.09 4.00+0.58 10.00+£0.00 39.67+14.95 43.67+4.18
Alum NS’ NS * NS NS NS
Protein NS ok s ok sk %
AlumProtein NS NS NS NS NS *

" T1: Protein 23% + Alum addition, > T2 : Protein 21% + Alum addition, ° T3 :
* T4: Protein 23% + No alum addition, > T5 : Protein 21% + No alum addition,

7 NS : Not significant.  *P < 0.05, **P < 0.01.

Protein 19% + Alum addition,
® T6 : Protein 19% + No alum addition.
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