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From Feed Quality to Production Consistency: The Role of
Precision Nutrition in Layer Flocks
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Ingredient % Nutrient Target (Ltb) L‘P b O)Lha)
o KT s Corn 58.00  ME (kcal/kg) 11,200
u&“és d)""s Soybean meal 2000 CP (%) 165 L y
(GMP ¢ HACCP) Wheat 500 | ca(x) 28 digj (5jlwJola>
Vegetable oil 250  Available P (%) 045 (3,Shae o> L)

Premix 050  Lys(%) 0.90
Others 14.00 Met + Cys (%) 0.75
Total 100.00
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Multiplicative Nature of Precision Feeding
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Egg laying rate (%)
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MEl = W x (711 - 9.2T) + 8.4EM + 20.9AW

MEI = W x (586 — 8.4T) + 8.4EM + 20.9AW

MEI = 544W°.75 x 4.3AAt + 8.7EM + 23.0AW
MEI = W x (1057 - 7.5T - 0.3T2) + PF x (-6.2 + 0.06T + 0.004T2) + 12.0EM + 25.1AW
ME| = WP.75 x (724 - 8.2T) + 8.7EM + 23.0AW

ME = W°.7°> x (165.74 - 2.37T) + 6.68G + 2.4E
ME = W°-”> x (163.67 — 2.09T) + 6.68G + 2.4E

ME = 121.8W°-7> + 2.48EM

Emmans (1974)

Sl 4 g
Emmans (1974)
sloged ayg
NRC (1981)
Peguri & Coon (1988)

NRC (1984, 1994)
Sakomura et al. (2005),
Model 1

Sakomura et al. (2005),
Model 2

De Almeida et al. (2016)
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Recommended” micronutrients for poultry (/kg feed)

: Micronutnents Broiler Layer Breeder Quail/Turkey Duck/Goose  Emu/Ostrich
A L '\ Yitamin-A {IU) 12,500 10,000 14,000 13,000 12,000 15,000
e Lr/ VitaminD3 (1L} 4,000 3,000 3000 4,000 4,000 4,000
Hy-D (meg) 89 CH D 4 N 8 &
] Ol VitaminE (mg) 200 30 100 5 5 9]
Vitamink3 {mg) 3 15 3 3 4 35
B-1 (mg) 1§ 15 35 1 15 4
- . B2 (mg) B 6 I 11 ] [
This en;yme_ 4 " B6 (mg] g g 10 ! ! 1
more bioactivei g % zn 3 3 30 m
Niacin (mg] 40 40 T 100 60 a0
Pantathenic aad (mg) I5 10 15 10 12 5
Folic aid (mg) 1.5 [ 1 3 15 3
Biatin (g} 0.2¢ 0.8 0.5 0.5 .15 030
o, Choline (mg) 500 400 600 B00 400 700
V]ta VitaminC {mg) 150 150 00 200 150 200 e target tissues
Manganese (mg) 120 |10 125 140 100 120 ictive fm’m of
& 25 e 100 10 1 1o 100 0 “are the bones,
Iron (mgl 10 30 40 41 30 40 :
Lopper (mg) 12 10 15 5 12 5 and kldneys.
ladine (mg] 1.5 [ 15 ] 15 1
. o 1 Selenium {mg) 0.2¢ 020 0.5 0.5 0.20 028
Fh's enz-yme’ls h Cobalt {mg) 0.1 02 0.1 02 02 02
Is less bioactive .o 0l oS I s s 0
Molybdenum (mg) 0Ig 0.8 0I5 .15 .15 0.8

*Becording o DS {Racke), BASF and Prowmi recommendations, 2008
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Response

Deficiency

Requirement

(prevent deficiency)

Excess

Toxic

Allowance
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Ultra trace elements

Ultra trace elements are
less than 1 mg/kg diet (<1 ppm, usually few ppb).

Examples of ultra
trace elements:

e Selenium (Se)

e Cobalt (Co)

e lodine (I)

e Chromium (Cr)

e Molybdenum (Mo)

e Nickel (Ni)
(feed) .
Con.cenfcration <1 mg/kg _ <1pg/g —  Usually afew ppb
in diet (less than 1 ppm) (less than 1 ppm) (e.g., 1-10 ppb)

ppb = parts per billion (1 ppb =1 ug/kg)



Time of day

Egg formation period, h
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Increasing Dietary Calcium in Commercial Laying Hens

(e.g., Leghorn)

Higher dietary
calcium level

8

Increased blood calcium

Blood Ca
concentration
- ¥
' . , <
' Reduced feed intake
A
Laying hen Feed .
(Leghorn) consumption
N y,

Result: Higher dietary calcium — higher blood calcium — lower feed intake

(in commercial laying hens, e.g., Leghorn)
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MEASURING PROTEIN
in LIVESTOCK & POULTRY FEED

Kjeldahl Crude Protein

Dumas Crude Protein

Methods using UV-visible spectroscopy
Direct measurement at 280nm

Biuret Method

Lowry Method

Dye binding methods

Turbimetric method

. Instrumental Techniques

10 Measurement of Bulk Physical Properties
11. Measurement of Adsorption of Radiation
12. Measurement of Scattering of Radiation
13. Protein Separation and Characterization
14. Methods Based on Ditferent Solubility Characteristics
15. Salting out

16.Isoelectric Precipitation

LN s =

17.Solvent Fractionation

18. Denaturation of Contaminating Proteins
19.Separation due to Different Adsorption Characteristics
20.Ion Exchange Chromatography

21. Affinity Chromatography
22.Separation Due to Size Differences
23. Dialysis

24. Ultrafiltration

25.81ze Exclusion Chromatography
26.Separation by Electrophoresis
27.Non-denaturing Electrophoresis
28.Denaturing Electrophoresis
29.Isoelectric Focusing Electrophoresis
30. Two Dimensional Electrophoresis

31. Amino Acid Analysis
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AOP + PPOOE +1,0M + PL + ¥/ FST = FEVo L, &3 dales
FEoP + PYWoE + 0,YM + YOL + 10T = 0Voe U, Ly oS dlsles
9 03P+ FfooE + oM +VioL + oT = Foooo by w50 (i Jl dlolas

OAYP + ¥'$AoE + oM + ol + oT = Afooo Jdb) oo Jlgo dolee

| YPYP + P100E + oM + oL + %30T = Fdooo Jb oyl dsle
s las 08wd J> Clsx

P=rye Pl g 25 <o ()|

E=100  Jb e grlie LB (5551 (5SS S5 )

M = Ao S U, wiad b8 ygie oS S 53]
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(oo x110) + (Yoo X ¥/¥YF) + (Y,OV x PV PA) + (/Y X Ao/f¥) + (Y/FY X ¥9,A) =FIF3,0 Jb)
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Nutrients Economic value | Scale
ME 144.0 Rial/kcal
Crude Proteimn -1423.5 Rial/g
Calcium 78.9 Rial/g
Av.Phosphorus 13792.4 Rial/g
D. Lysine 16900.8 Rial/g
D. Met 245445 Rial/g
D. Cys 80.0 Rial/g
D. Met+Cys 80.0 Rial/g
D. Thr 23886.2 Rial/g

21



Amino acid standardized ileal digestibility of peak-laying hens fed diets containing corn from different sources (%).

Items Cl Cc2 C3 C4 C5 C6 C7 C8 C9 Cc10 Mean CV (%) P-value
EAA

Met 83.44b 81.27° 83.00° 08.37° 08.772 96.95% 99.36° 09.65% 96.14% 97.922 93.58 11.08 0.005
Lys 72.29b¢ 67.30° 84.81%b 93.082 97.05% 89.36% 97.202 99.30° 87.56% 97.792 88.67 15.81 0.001
Thr 81.17% 80.87" 91.06%" 95.76" 95.94% 90.36 98.02% 94,08 75.27°¢ 96.12% 89.95 11.93 0.003
Trp 64.44° 83.55% 71.54% 93.98" 95.16% 98.617 95.96" 93.01° 87.46% 95.53% 87.93 15.79 <0.001
Arg 79.31°¢ 80.44b¢ 06.42%b 97.71* 99,622 95.85%b¢ 95.66°"° 09.04% 89.26°b¢ 09,732 93.30 15.82 0.044
Ile 05.34 90.79 96.19 97.82 08.92 92.49 99.26 09.12 90.89 08.40 95.92 18.24 0.989
Leu 03.91 92.43 00.50 03.43 99.71 96.01 98.17 08.87 89.62 00.08 05.26 6.88 0.053
Val 89.38 85.40 97.66 97.22 99.50 98.36 99.74 99.18 93.95 99.87 96.03 12.09 0.383
His 89,07 87.38% 84.87° 04, 547bcde 09,17 06.37°" 98.58%P 09,892 91.15bcde 07.14%° 03.82 6.590 <0.001
Phe 03.33 87.12 01.45 98.52 99.01 05.83 98.75 08.76 89.12 09.05 95.18 8.65 0.073
NEAA

Gly 86.42°¢ 81.904 86.00° 97.41%° 97.69%° 92.87% 08.322 08.85% 8g.73b<d 99.47% 92.77 7.76 <0.001
Ser 04.33 86.65 05.18 97.23 08.85 04.55 97.34 08.47 87.92 99.11 04.96 9.30 0.177
Pro 88.69°¢ 84.884 88.04%d 96.417b¢ 99772 04 747b¢ 97.45%b 99.112 89.773%b 09 252 93.81 6.98 <0.001
Ala 04.47 91.30 05.54 97.23 99.80 97.64 98.96 09.12 96.22 99.28 96.96 5.86 0.256
Asp 86.44° 84.71° 04.19% 06.21%° 99.49° 02.74% 99.63° 00.98*  91.56% 99.67° 04.46 0.43 0.025
Glu 91.24°> 85.76° 91.21%b 94.66°"° 99.472P 93.87°"° 97.22%P 99.93% 90.06™ 98.05%P 94.14 7.44 0.016
Cys 76.84P 75.95° 89.45%b 94.082 99372 08.05% 99.882 08.492 89.46%P 99.902 92.15 14.19 0.007
Tyr 92.71 89.42 01.47 93.05 99.50 01.48 99.79 09.82 90.68 99.50 94.74 10.05 0.288
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Amino acid standardized ileal digestibility of late-laying hens fed diets containing corn from different sources (%).

Items Cl Cc2 C3 C4 Ch Co Cc7 Cc8 C9 C10 Mean CV (%) P-value
EAA

Met 78.37° 88.78%° 79.245 88.05°"¢ 90.73% 79.62" 92.612 88.822P 84.41°5¢ 88.71%° 85.93 8.825 0.010
Lys 68.11 83.40 68.54 69.41 73.27 78.66 94.66 77.55 78.04 68.00 75.96 22.40 0.176
Thr 87.00 98.84 94.37 98.89 98.54 78.75 98.99 99.21 98.37 80.35 93.33 19.34 0.297
Trp 71.65% 78.66™¢  69.699 69.334 78.11°4 66.279 90.30%° 83.01°  00.63% 92.11° 78.97 12.75 <0.001
Arg 81.21 98.62 94.25 94.53 94.40 87.65 99.17 99.24 97.59 88.09 93.48 14.67 0.346
Ile 91.10 99.05 99.40 97.26 99.95 90.64 99.33 99.65 98.62 82.86 95.79 15.32 0.524
Leu 82.51 99.54 96.09 97.47 96.60 90.03 99.99 08.84 97.88 90.49 94.94 13.13 0.317
Val 85.42 99.25 96.24 98.39 97.98 87.92 99.28 99.07 99.26 87.33 95.01 14.64 0.443
His 82.94 99.88 96.79 97.43 95.61 88.44 99.97 99.50 97.32 89.42 94.73 13.51 0.298
Phe 83.18 99.86 95.36 97.60 97.22 88.07 99.34 98.76 97.53 87.33 94.42 13.63 0.2707
Gly 83.25 99.49 92.58 96.27 96.40 83.67 99.20 96.62 96.29 81.64 92.54 16.00 0.248
NEAA

Ser 83.78 99.32 94.02 96.29 96.46 84.93 99.99 99.80 98.92 86.98 94.05 15.20 0.313
Pro 79.80 98.35 94,08 93.90 94.09 85.69 99.60 96.89 97.84 91.90 93.30 12.82 0.140
Ala 96.52 99.69 96.47 98.41 97.69 91.36 99.99 99.57 98.34 89.81 96.78 6.911 0.127
Asp 91.72 97.62 90.29 92.99 92.98 83.34 99.90 95.27 95.08 86.85 92.60 11.97 0.330
Glu 81.60 98.54 94.77 96.19 95.68 88.98 99.71 07.26 97.19 89.03 93.89 13.49 0.323
Cys 80.82°"¢ 88.22%° 75.13% 83.34°"° 88.4972° 67.489 91.15" 86.95°° 79.26° 77.32b<d 81.82 11.12 <0.001
Tyr 82.18 99.18 94.74 96.42 96.32 86.47 99.83 97.73 96.70 86.36 93.59 13.87 0.225
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Comparative analysis of ileal digestibility of amino acids of corn in laying hens under different physiological stage (%).

Items Peak phase Late phase SEM P-Value Peak phase Late phase SEM P-Value
Apparent ileal digestibility Standard ileal digestibility

EAA

Met 58.53 79.16 4.14 <0.001 93.58 85.93 2.88 0.016

Lys 40.96 47.57 5.38 0.663 88.67 75.96 4.42 0.010

Thr 48.92 55.95 5.09 0.190 89.96 93.33 3.62 0.363

Trp 52.04 76.27 5.40 <0.001 87.92 78.98 4.76 0.076

Arg 71.73 76.43 4.10 0.274 90.90 93.48 3.69 0.495

Ile 61.18 66.28 4.82 0.307 100 95.02 95.79 2.10 0.949

Leu 76.00 81.45 3.82 0.181 95.26 94.94 2.14 0.883

Val 65.68 73.27 463 0.129 95 06.03 95.01 2.39 0.677

His 72.24 79.86 4.80 0.142 93.8 94.73 2.49 0.718

Phe 69.63 75.49 4.15 0.182 9 LRt 93.58 94.43 2.38 0.754

NEAA

Gly 56.73 66.14 5.32 0.101 02.7 92.54

Ser 61.81 68.84 4.69 0.157 85 94.9 94.05

Pro 72.89 78.06 3.63 0.179 93.8 93.30

Ala 73.50 81.80 472 0.108 80 96.9 96.79

Asp 57.89 64.10 5.22 0.255 94.4 92.60

Glu 76.55 81.18 3.32 0.189 75 04.1 93.90

Cys 45.26 66.50 479 0.001 86.1 81.82

Tyr 67.96 75.34 4.62 0.136 . 94.7 93.59

Met

B Peak M Late




Prediction equations of standardized ileal digestibility of amino acids based on
the conventional chemical components of corn sources for peak-laying hens.

I[tems  SID Prediction equations R® P-value
Met —515.03+0.60GIn-918.42Ca+3.26TS+0.57BD 0.843 0.030
rlljjlﬁ 1_0 Prediction equations of standardized ileal digestibility of amino acids based on
»1] the conventional chemical components of corn sources for late-laying hens.
Tip M ttems SID Prediction equations R* P-value
Arg 05
lle 6. Met —397.884+18.90EE+15.34GE+1.20T54+0.10BD 0.979 <0.001
Leu 14  Lys 434.07-5.12DM+31.05EE-6.07GIn+8.17Glo 0.936 0.004
val 34 Tip —699.72+7.68CP-783.32Ca+5.81TS+0.54BD 0.827 0.038
;111; ;’; Arg _38.34-15.09CF+3.16TS-10.49A1b+10.12Glo 0.974 <0.001
I Leu 30.19+25.86EE-3.93A1b+3.04Glo 0.704 0.050
Val —188.084-29.12EE+19.79GE-0.23BD 0.684 0.060
His —208.834-32.36EE+20.24GE-0.23BD 0.781 0.021
Phe —224.09+32.14EE+20.84GE-0.22BD 0.718 0.044




Sdgi glaaisl 9
(- 9oy bMSwolul)

CaadS J S
(GMP ¢ HACCP)

Sake dlge (5ylb ha>

(Bpae U a3 ;1)

SIS 9 (AL
(Qluabl g Casdss Bad>)




bree e s
D R S
e et e
trere et e
44444444
44440444
R R
e s et
+4444444 9
tree ety

R R R
seres e
R
R
444444

ERR R R RS
et et e
trer et
PR R R RN
Pree s e
LR R R
e+t ies
e e e
+e44 44444
e st e e e




Shear

Convection

Diffusion
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Ribbon mixer (conventional)

Active Zone
I ﬁl
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|
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Twin-shaft paddle mixer (conventional)

Single-shaft triangular-paddle
(three-dimensional paddle)
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Single-shaft triangular-paddle
(counter-rotating )
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