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Study on feed mix program using Excel
solver modul (Add-in) and growth
modelling system of laying hens

Seon Ho Kim, Seoung Hwan Lee and Sang Suk Lee’

Ruminant Nutrition and Anaerobic Laboratory, Department of Animal Science and
Technology, Sunchon National University, Suncheon 57922, Korea

Abstract

An assorted feed technology maximized productivity and margin of profit by allowing to
the domestic animals making supply and economical food that have balance as nutrition
applying domestic animals science of nutrition and food learning. Least cost formula
creation that product design that use Feed Mix Program for these purpose can satisfy
nutrient requirement was available. Non-linear optimum code Generalized Reduced
Gradient (GRG2) that Texas College and Cleveland State University develop as a tool
that to find Microsoft Excel is indispensable solving linear programming problem that
handle in spreadsheet modelling is used. Divergence and border law that simple method
and Frontline Systems that fan shape and proper move problem use the variable border
develops are used. Need data for raw material, product basically because tell feed
mixing problem on unpack, and name of raw material, raw material unit cost, raw
material ingredient by growth step that get into standard of design. Growth Modelling
System was studied IPGM (International Pig Growth Modelling Group). Important
purpose of this project is so that on-the-spot survey presents available growth model.
Is displaying definitely dialogue current connected with alimentation but mean
fundamental, and biologic alimentation principle is thing which do simulation. Ultimate
purpose of layer industry is producing egg of high quality efficiently. Is influenced to
several factors such as production potential energy of layer, environment condition, food
intake, food, disturbed family. These leading persons do on summer period so that
might can operate specification system that is correct to each farm because influence
in productivity and studied growth model technique application of layer.
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I 7HAAL Foi7d S50 M o] Aute] & o flohs SAE ol £AIE 435 s
AE AZEZZTH excel solver ZES 0|83

Y AR Aol A] AbREIRE T o] A EAA 9] Alo] H1 Qi AFYE HIF d A]
Y] 8RGOl WE AFAA 2 Halef] dis] 5549 diAE Zokal A 240]1‘4- AZ Y
2 371 9 979 55249 A E Ao =AY (raw material resource), G ¥4 QT (nutrient
requirement), A& A|(formula), A% (feed & feeding), 57| S(farm record), A% (market share)

0] <=%Hfeedback)sl= o] 24} YEE 7ML A 7|H (Animal Growth Modelling System)S
ATob7] gt 7|25 F5Eoks Aotk wEkA 2 A= 7]~J_1xgﬂgt41a7pgg] & 4]0]
= Almale 22O AA o] QoiA Bido] FFe = 8919 (factors) W30l ThE
AEEAY A8Z Astth(Fig. 1).

= * 4H
D20 A Uy

MS Office 2007 Excel Solver HE2 ©]-85}0] Table 19] %A SHEARFHEZE[8] AFtx7]
(1-325)F ZZsHA

Factor Formula Animal modelling
Enviroment + =
Health Ingrec.hent .llnlnt Pliodified mixing rafio
Stress Nutrient limit
Nutrition

Fig. 1. Layer growth modelling system.

Table 1. Korean feeding standard for poultry

ltem 0-5 wk 6-12 wk  13-16 wk  1-17 wk 1-32 wk  33-45 wk  46-55 wk After 55 wk
Metabolizable energy (kcal/kg) 2,900 2,800 2,750 2,800 2,750 2,700 2,650 2,600
Crude protein (%) 19.00 17.00 15.00 16.00 17.00 16.00 15.00 14.00
Amino acids
Arginine (%) 1.05 0.86 0.67 0.72 0.82 0.76 0.70 0.64
Glycine + serine (%) 0.74 0.60 0.47 0.50 0.00 0.00 0.00 0.00
Histidine (%) 0.28 0.23 0.17 0.18 0.19 0.18 0.17 0.16
Isoleucine (%) 0.63 0.53 0.39 0.42 0.75 0.70 0.65 0.60
Leucine (%) 1.05 0.88 0.70 0.75 0.98 0.90 0.82 0.75
Lysine (%) 0.90 0.65 0.46 0.49 0.83 0.76 0.69 0.63
Methionine (%) 0.32 0.26 0.20 0.21 0.34 0.32 0.30 0.28
Methionine + cystine (%) 0.65 0.55 0.42 0.44 0.70 0.66 0.62 0.58
Phenylalanine (%) 0.58 0.47 0.37 0.38 0.53 0.50 0.47 0.44
Phenylalanine + tyrosine (%) 1.05 0.86 0.68 0.70 0.97 0.90 0.83 0.76
Threonine (%) 0.7 0.59 0.37 0.44 0.53 0.50 0.47 0.44
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Table 1. Continued

ltem 0-5 wk 6-12 wk  13-16 wk  1-17 wk 1-32 wk  33-45 wk  46-55 wk After 55 wk
Tryptophan (%) 0.18 0.15 0.11 0.1 0.20 0.18 0.16 0.15
Valine (%) 0.65 0.55 0.4 0.43 0.82 0.76 0.70 0.65
Essential fatty acids
Linoleic acid (%) 1.00 1.00 1.00 1.00 1.15 1.10 1.05 1.00
Macro minerals
Calcium (%) 0.90 0.80 0.80 2.00 3.70 3.80 3.90 4.00
Nonphytate phosphorus (%) 0.40 0.35 0.30 0.32 0.32 0.31 0.30 0.28
Potassium (%) 0.30 0.28 0.27 0.27 0.18 0.17 0.16 0.15
Sodium (%) 0.17 0.16 0.16 0.16 0.18 0.17 0.16 0.15
Shlorine (%) 0.15 0.14 0.14 0.14 0.16 0.15 0.14 0.13

Magnesium (mg)

600.00 500.00 400.00 400.00 580.00 550.00 520.00 500.00

Trace minerals
Manganese (mg)
Zinc (mg)

Iron (mg)
Copper (mg)
lodine (mg)

Selenium (mg)

50.00 40.00 30.00 30.00 24.00 23.00 22.00 21.00
50.00 40.00 35.00 35.00 40.00 37.00 35.00 33.00
80.00 58.00 56.00 58.00 50.00 47.00 45.00 43.00
5.00 4.50 4.00 4.00 0.00 0.00 0.00 0.00
0.50 0.45 0.40 0.40 0.045 0.04 0.035 0.03
0.15 0.14 0.13 0.13 0.10 0.09 0.08 0.07

Fat soluble vitamins

A (U) 3,000.00  2,700.00  2,700.00 2,700.00  4,500.00  4,300.00  4,700.00  4,000.00
Ds (V) 220.00 200.00 200.00 300.00 500.00 470.0 450.00 430.0
E (V) 12.00 8.00 8.00 8.00 7.00 6.50 6.00 5.50
K (mg) 0.60 0.50 0.50 0.50 0.70 0.60 0.50 0.50
Water soluble vitamins
Riboflavin (mg) 6.00 4.00 3.00 4.50 3.00 2.80 2.60 2.50
Pantothenic acid (mg) 12.00 10.00 10.00 10.00 2.50 2.40 2.30 2.20
Niacin (mg) 30.00 26.00 25.00 25.00 12.00 11.00 10.50 10.00
Cyanocobalamin (mg) 0.009 0.006 0.005 0.005 0.005 0.004 0.003 0.003
Choline (mg) 1,500.00 1,000.00 600.00 600.00 1,300.00 1,200.00 1,100.00 1,000.00
Biotin (mg) 0.20 0.15 0.12 0.12 0.14 0.12 0.11 0.10
Folic acid (mg) 0.60 0.50 0.40 0.40 0.30 0.28 0.26 0.24
Thiamin (mg) 2.00 1.80 1.50 1.50 0.90 0.80 0.80 0.70
Pyridoxine (mg) 4.00 3.00 3.00 3.00 3.00 2.80 2.60 2.50
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HEAR
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2513 TH(Table 4-6).

uy
o
uy

3w E=
MEAH &l (linear programming)

A XX Z(constraints)

Table 20] Q= of3] 714 AokzAL $2A7HA &

FRAS 354D 5 UES 2As] HARIES

3|
&

290 ol a5tk (Fig. 2).

g, JEH, SSeIF
AsIZR(50%), AENHEL, FAH
92 ALY TH(Table 2), T3 Table 39] ©7F 9

==
—_

1, FA
Table 19] FAA G

Ingredient data Formula Product design
Price Ingredient limit | KoreanFeeding
estimation Nutrient limit Standard
for Poultry
Fig. 2. Work flow of feed mix program.
Table 2. Use main raw material ingredient
Raw material Moi  C. protein C. fat C. fiber C. ash Ca P Ava. P Me Met + Cys Choline
(%) (%) (%) (%) (%) (%) (%) (%) (Mcal) (%) (ppm)
Corn 12.8 8.3 32 2.0 1.9 0.03 0.27 0.08 3.42 o.M 591
Wheat bran 11.3 15.7 4.4 8.6 5.9 0.14 1.16 0.18 2.32 0.4 1,077
Rice bran 9.3 13.0 14.4 11.2 12.1 0.07 1.59 1.63 0.3 1,221
Soybean meal 10.4 44.0 0.5 7.0 6.0 0.25 0.6 0.23 2.24 1.32 2,743
Rapeseed meal 8.8 353 2.8 12.8 7.2 0.68 1.17 0.27 1.9 1.24 6,700
Corn glutein 10.0 60.0 2.0 25 1.8 0.02 0.7 0.13 3.9 3.0 2,200
Limestone 0.1 34.0
D.C.P. 1.0 259 17.6 11.6
Methionine (99%) 7.0 32.0 1.5 8.0 1.6 0.05 0.46 99.0 35
Choline chloride (560%) 460,000
Phytase
Vitamin complex”
Mineral complex?
Salt
Animal fat 6.86

Contains per kg: vit A, 12,000,000 IU; vit Ds, 2,500,000 IU; vit E, 20,000 IU; vit K, 1,800 mg; vit By, 2,000 mg; vit By, 6,000 mg; vit Bs, 3,000 mg; vit Biz, 20,000 mg:

Niacin, 25,000 mg: Biotin, 50 mg.
IContains per: I, 1,000 mg; Fe, 50,000 mg; Mn, 65,000 mg; Zn, 65,000 mg; Cu, 5,000 mg; Se, 150 mg.

https://doi.org/10.5187/ait.2021.8.1.35
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Table 3. Ingredient price and composition of constraints in formula

Raw material Price () Minimum (%) Maximum (%)
Corn 229.16 0.0 60.0
Wheat bran 203.10 0.0 5.0
Rice bran 199.00 0.0 3.0
Soybean meal 298.04 0.0 30.0
Rapeseed meal 184.00 0.0 2.0
Corn gultein 478.00 0.0 5.0
Limestone 25.00 0.0 10.0
D.CP 340.00 0.0 2.0
Methione (99%) 2,900.00 0.0 0.5
Choline chloride (50%) 1,110.00 0.0 0.5
Phytase 1,900.00 0.02 0.02
Vitamin complex 2,000.00 0.1 0o
Mineral complex 700.00 0.1 0
Salt 60.00 0.25 0.26
Animal fat 700.00 0.0 5.0
Nutrient (%)
Moisture 0.0 oo
CP 17.0 o0
EE 2.0 00
CF 0.0 6.0
Ash 0.0 15.0
Ca 3.7 00
P 0.32 00
Available P 0.2 o0
Methionine (kcal/kg) 2,750 oo
Met + Cys 0.70 0
Choline (ppm) 1,300 o

Table 4. Formula that calculate lysine content of soybean meal and corn from crude protein content

Inaredient Linear regression equation Standard Correlation
9 Lysine/% CP content1) error coefficient

Dehulled soybean _

meal (N = 175) Y = 0.264 + 0.60(X) 0.175 0.57

Corn (N = 95) Y = 0.049 + 0.026(X) 0.018 0.66

VY = A + BX: where Y = % amino acid, A = intercept, B = slope, X = % CP content.

https://doi.org/10.5187/ait.2021.8.1.35
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Table 5. Digestible energy (DE) conclusion formula of raw material in growing pig

Regression coefficients

R GE Density CF ADF NoF  RSD A
(MJ/kg)  (kg/m’)  (a/kg) (a/kg) (a/k9)
Barley 5.04 0.32 0.004 012 073
Wheat -4.35 117 -0.052 013 094
9.67 0.007 037 079

Weather—
damaged -3.92 1.10 -0.024 009 099
wheat

-1.24 0.95 -0.019 008 099
Wheat 27.76 ~0.016 ~0.085 045 089
by-products

-2.93 1.07 -0.039 038 088
All samples

-7.52 1.36 -0012 036 089

GE, gross energy; CF, crude fibrer; ACD, acid detergent fiber; NDF, neutral detergent fiber.

Table 6. Composition and nutritional value of feed materials

Ingredient CORN CGLUEN WBRAN RSM SBM  AFAT  LMS DCP  SALT CHOLINE MET VITC MINC
Moisture (%) 2.80 10.00  11.30 8.00 1040 0.30 0.10 1.00  2.00 - 1.00 - -
Protein (%) 8.30 60.00 1570  35.00  44.00 - - - - - 99.00 - -
Fat (%) 3.20 2.00 4.40 2.00 0.50 940 - - - - - - -
Fiber (%) 2.00 2.500 8.60  12.00 7.00 - - - - - - - -
Ash (%) 1.90 1.80 5.90 7.00 6.00 - 100.00 100.00 98.00 - - - -
Calcium (%) 0.03 0.02 0.14 0.60 0.20 - 36.00 3200 2.58
Phosphorus (%) 0.27 0.70 1.16 1.10 0.60 - 18.00
Avail phos (%) 0.07 0.18 0.41 0.31 0.10 - 18.00
Ca—phos (%) 0.24 -068 -1.02 -040 -0.30 - 3600 14.00 - - - 258 -
T Me (Mcal) 3.87 3.98 2.30 2.10 245 781
Choline (ppm) 434.00  330.00 1,302.00 2,100.00 2,092.00 - 460,000.00
Sodium (%) - 0.02 0.20 0.00 0.00 - 38.00
Chloride (%) 0.07 0.05 0.06 - 0.00 - 60.00
NFE (%) 71.80 2370 5410 33.00 3200 0.30 0.10 1.00 - - -
Starch (%) 62.00 13.000 21.00  4.000 4.00 -
Total amino acids

Arginine 0.39 2.01 0.98 2.12 3.19 -

Glycine - - - - 2.16 -

Histidine - - - - 1.19 -

Leucine 1.01 9.00 0.96 247 3.43 -

Lysine 0.27 1.00 0.63 2.01 2.82 -

Methionine 0.19 1.50 0.25 0.73 0.64 - 98.50

Cystine 0.19 1.00 0.33 0.90 0.68 -

Tot sulfr AA 0.38 2.50 0.58 1.63 1.32 - 98.50
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Table 6. Continued

Ingredient CORN CGLUEN WBRAN RSM SBM  AFAT LMS DCP SALT CHOLINE MET VITC MINC
Phenylalanine - - - - 2.20 -
Tyrosine - - - - 1.50 -
Valine 0.4 2.70 0.72 1.80 2.16 -
Magnesium (%) 0.1 0.00 0.40 0.51 0.26 -
Potassium (%) 0.32 0.04 0.90 1.04 2.04 -
Sulfur (%) 0.13 0.50 0.22 0.01 0.40 - 10.00
Cobalt (ppm) 0.10 0.10 0.10 - 0.10 -

Finish(ppm)
Cobalt 0.10 0.10 0.10 - 0.10 -
Copper 3.50 29.00  11.00 6.60  17.00 - 20,00
Iron 30.00 400.00 60.00 180.00  99.00 - 88,00
Fluoride - - - - - -
lodine 0.05 - 0.11 - - - 3.00
Manganese 5.00 7.30 100.00 43.00 27.00 - 75,00
Selenium 0.08 - 0.40 0.98 - - 300
Zinc 10.00 4200 150.00 65.00  72.00 - 80,00

Vitamins
Vit A (IU/kg) - - - - - - 6,600,00
Vit D (units/kg) - - - - - - 2,200,00
Vit E (IU/kg) 22.00 - 10.00 - 3.00 - 38,00
Vit K (ppm) - - - - - - 6,00
Thiamin (ppm) 1.10 020 12.00 - 2.00 - -
Riboflavin (ppm) 0.70 0.10 350 3.70 3.10 - 10,00
Niacin (ppm) 4.00 17.00  50.00 160.00  24.00 - 60,00
Pantothenic (ppm) ~ 2.50 3.00 16.00 950 1040 - 30,00
Pyridoxine (ppm) 3.70 6.00  10.00 0.07 5.00 - 2,00
Vit. Bz (ppb) - - - - - - 40,00
Biotin (ppm) 0.07 0.20 0.20 - 0.30 - 100

Folic acid (ppm) 0.20 0.20 1.50 2.20 2.00 - -
Carophyll red
Xanthophyl 14.00  200.00

AR0| LL AT LAY AT theat Lok B4 49l 740 AfsaE he

@® COST
229.16 x CORN + 203.1 x WBRAN + 199 x RBRAN + 298.8 x SBM + 184 x RSM + 478
x CGLUEN + 25 x LMS + 340 x DCP + 2900 x MET + 1110 x CHOLINE + 1900 x
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PHYTASE + 2000 x VITC + 700 x MINC + 60 x SALT + 700 x AFAT

12.8 x CORN + 11.3 x WBRAN + 9.3 x RBRAN + 10.4 x SBM + 8.8 x RSM + 10 x
CGLUEN + 0.1 x LMS + DCP + 7 x MET + CHOLINE + PHYTASE + VITC + MINC
+ SALT + AFAT = 13

@ oy

8.3 x CORN + 157 x WBRAN + 13 x RBRAN + 44 x SBM + 353 x RSM + 60 x
CGLUEN + LMS + DCP + 32 x MET + CHOLINE + PHYTASE + VITC + MINC
+ SALT + AFAT = 17

@ A

3.2 x CORN + 44 x WBRAN + 144 x RBRAN + 0.5 x SBM + 2.8 x RSM + 2 x
CGLUEN + LMS + DCP + 1.5 x MET + CHOLINE + PHYTASE + VITC + MINC
+ SALT + AFAT = 2

® 248
2 x CORN + 8.6 x WBRAN + 11.2 x RBRAN + 7 x SBM + 12.8 x RSM + 2.5 x CGLUEN

+ LMS + DCP + 8 x MET + CHOLINE + PHYTASE + VITC + MINC + SALT + AFAT
=6

® 23

1.9 x CORN + 59 x WBRAN + 12.1 x RBRAN + 6 x SBM + 72 x RSM + 1.8 x
CGLUEN + LMS + DCP + 1.6 x MET + CHOLINE + PHYTASE + VITC + MINC
+ SALT + AFAT < 15

©® Zds

0.03 x CORN + 0.14 x WBRAN + 0.07 x RBRAN + 0.25 x SBM + 0.68 x RSM + 0.02
x CGLUEN + 34 x LMS + 259 x DCP + 0.05 x MET + CHOLINE + PHYTASE +
VITC + MINC + SALT + AFAT =< 3.7

@ F

0.27 x CORN + 1.16 x WBRAN + 1.59 x RBRAN + 0.6 x SBM + 1.17 x RSM + 0.7
x CGLUEN + LMS + 17.6 x DCP + 0.46 x MET + CHOLINE + PHYTASE + VITC
+ MINC + SALT + AFAT = 0.32

AR A]
3420 x CORN + 2320 x WBRAN + 1630 x RBRAN + 2240 x SBM + 1900 x RSM +
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3900 x CGLUEN + LMS + DCP + MET + CHOLINE + PHYTASE + VITC + MINC
+ SALT + 6860 x AFAT = 2750

© =4

591 x CORN + 1077 x WBRAN + 1221 x RBRAN + 2743 x SBM + 6700 x RSM + 2200
x CGLUEN + LMS + DCP + 3.5 x MET + 460000 x CHOLINE + PHYTASE + VITC
+ MINC + SALT + AFAT = 1300

HESH BEMEY MY
CORN = 100
WBRAN = 5
RBRA
SBM
RSM
CGLUEN = 10
LMS 10
DCP 2
MET = 0.5
0 CHOLINE = 0.
0.02 < PHYTASE = 0
0.1 VITC = 0.1
0.1 = MINC = 0.1
025 = SALT =0

< AFAT £ 5

IA

I\
Z

=3

IIA
IIA

50

A A TIA
I\ IA
(O]

IIA
IIA

0
0
0
0
0
0
0
0
0

IA

IA

5

IA

MS Excel Solver 2=

AlHEHZAE E7] oA ¥E, Aol tiet A=t 71224 05 - 3 5ltH(Table 6). 2t
dgo= Hu, 4L ARAEESA, B7HA)9t AlEole AFEAY 7eo] He 4%
A A EAIFRZ[8]IE AR oISItHFig. 3).

D 8%

ExcelolA] 41, 4 9], $4 9 4% gh2 Uehis do] BX 2490 Agshd 5412
T} 47 olShSkL BelT 4+ k. o8 A W9, W, A% Eb HolRe] e} Hog
% glou], BT BAGA o|ES AHgste] AU Lol ofHT olS 44 Aelo|=T
/\ o]q,.

»Q—T-l—) 1_ %‘ﬂ) A "‘q) XH—I_H]- T:HI:]E]JI-) _O'_X], &I]ﬁ&}) ?lﬂ';g‘ﬁ', —/J\——g-) Cgi]%%, Uﬂﬂ_?_ﬂ,
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A B J K i M N a
1 |EoEK) 340,00 60.00] 1900,00] 900,00 000.,00| 700.00|
Ingredient: Sl 22 | @mmsesy | WY | zsuge | zeouw

5 q : >er) &3 gstmel 26% | Cgoe, SHlEtR | =20 e

3 5 04 0.25% 0,14 0.18 0.10% 0.10 100.00%

4 H| 2 CHot 364 0.15 2,63 5,13 o8 0. [ 241721

5 Maximun 0.25% 100.00% 100.00% 0.10% 0.10%

5 Minimum 0.25% 0.10% 0.10% Minmum 100

s oisture % 0,005 = 0,002 e = ) 1069 |

8 | [Protein % - 18,00 18,00

9 [Fat= X5 3.00 3,00

10 [Fiber % ST WE:  [s04 [ - - 3.66

1 ash % ZIHZHM E| AZHN A= ZH 2 — — 13.00

12 [Calcium % siel z2:  OFMHM @ 22N O ABXW o] = 5.50 3.54

15 | [Phosphorus % | o2 iz wepy - = s

14 | [Avail Phos % e = — = 0.30 0.30

15 [Ca—Phos % [scsasos 2@ S8W - - 2,97

16 [Hog NE HE Z2AW = — 94,50

17 [Choline ppm asio = A — | 1.200.00 1,200.00

18 [Sodium % oo o TS - - 0.11

19 | [Chioride % gl — - 0.20
20 [TOTAL AMING A - = =
21 | |Arginine | iR &3 HED SR [~ - 116
22 [Glycine - - 0.58 |
25 [Histidine - - 0,32
24 [Leucine - - - - - - = 1,657
25 Lysine = = = = = & 0,97
26 [Methionine - - - 0174 - - - 0.48
27 [Cystine - - - - - - - 0.32
28 [Tot Sulfr A& - - - 0174 - - 0.80 0.80
WA on HETE wemor) MMt HHEE —
e Tl [EEE e =—————C|

Fig. 3. Click on the set target cell box and type $Q$4. To enter the minimum and maxmimum requirement

constraints.
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Fig. 4. Select tools and then solver.
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Ao & e AW, Bud B 190 24E, 3 2T, 248, ZAY, 208 5
o] wul, FFTAle] o8] AL oA, ofulicAl, ofulicitol 88 59 FopRe] Hr.
Bish[9]9] AVHAAR HigH AMgSHs 184 URo] Al AE BAe Thet 2t

MEM]J/kgDM) = 0.01972TH + 0.01942 A% - 0.01524 + 0.0158(NFE)

o] AL AT AL CV = 7.1% 1T R* = 0.830.2 4] A7} AA 249} vf <
E2 AUHAE Bl Slrh dujAlR 74249 o|A] 24 3]H 341> Batherham[10]°]
O3k Table 59| F4& AH&IIT.

ARAEUS ofn|At A T TS 34§, 9B TE ofvliedl 39 WS
WA Zp ofuAite] ohFE AT

® 928 W7 ZAolg 24
320l o 271 wharif 24j0]H, o]AL A ge] WAL YAAES] 54 Auof o
e FA 3P AT Igoltk. 3 2718 g YANENH BE Molekn s
3 A1) Aol e 2] e 2 4 ek 3 Bk BE A S M B EA0R
T A 5] ol Ak o Al Age B Ao e 2gste] B A S40)4
At e T
Fig. 42 29olA] 5} 2710] A8 2 AR 918 A% 2AL 482 4 90w, At

AL 51 A Ao G F= O E AE FET S Q) Fig. 40 Microsoft Excel 3ff 2H7]
E30o= Leon Lasdon(Austin®] Texas teh ¥} Allan Waren(Cleveland $3 thgho] 7j&kst w4l
¥ 4 & GRG27} AHEEH g3 Ao Al W BAE AMSshe 1HEet BTt John
Watson?} Dan Fylstra(Frontline Systems)7} 7Hist £7]9} A Ho| AREHL}

AT A(C3:03) 3 27|15 AsHd HidH&S A3 o vigr&ol UE dA=
D7Hleast cost)E A &

@ Excel Solver A3 ZAx}

Fig. 5+ Excel Solver B&-& 0] 83t AR HIZZ2 T2 47]9] A EZ A= 0] 9t 2) Y&
AT QRErIo} BHAON e JEAR RS e b) ARk URe) TR
o Y 27 L 2T S0 o) NABAE ol% YR WA Aol o Hdsk A
3 27 (Excel Solver add-in} o1& AT ALE Helop] T 4 AES ALRAS LT

NEoln, 4] AtEAd] IE AN At ok FaT AEolT. d) gl 4847} of
85171 HeIGHES AN ES Y29, Table 72 WIHAL o] 228 24510
A3 o] T2 2L AAE WSS
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»
X

\ - ( £ | =SUM(C4:04)

A B o E H

1| eoHE /K 229,16] 478,00] 203,10] 298,04 700.00]

> Ingredient: S

3 EED] 26.75%

4 | | MEE} 126.00 5,85 2.16 3.54
5 Maximun 100.00% | 700.00% | 100.00% | 100.00% | 100.00%
6 Minimum d

7 | [Moisture % 0.003 0,009 0.010
8 Protein % = = =
9  |[Fat% ZIIH A& AIZHTY: (| = =0l 0.831 =

10 | |Fiber % 5 = =

11 [Ash % EH A& =20 [0 | GiES = 3.625

12 | [Calcium % BUEP): [ooooooi | 24 gL, - 3.108

13 Phosphorus % - - = =

14 | [Avail Phos % : 5 g 28 RS, - -

15 Ca-Phos % = 0,0001 EE2Z(H) = 3.105

16 | [Hog NE 2.891 -

17 | [Choline ppm O esl &S 22w - -

18 | [Sodium % 0K 222 IFR(E) &2 22 23R - -

19 Chloride % - -

20 | [TOTAL AMING ACID: aie A= guze - -

21 |Arginine ©® 174 (A) ® BHE ® =EYN) - -

22 |[Glycine O 2@ O BAHO O B ZARID) = =

23 | [Histidine - -

24 |Leucine = =

25 [Lysine 0.146 - 0.031 0.040 0.753 - -

26 [Methionine 0,104 - 0,013 0.015 0.171 - -

27 [Cystine 0,107 - 0,016 0,018 0,182 - -

28 [Tot Sulr & 0,211 - 0,029 0,033 0,353 - -

R - =3 ) DI - || P e

=] [0 O1},200%,0)

Fig. 5. Finally select options, assume non—negativity and assume linear model.

Table 7. Revision of maintenance energy(ME) by feather state

o Boogw Featrer st

1 0.94 Feather state of chicken

2 1.00 Feather state of new layer

3 1.08 Head and nect region somewhat depilation

4 1.20 Heavy depilation on head and nect region

5 1.40 Head, neck, and so on, chest region depilation

g2 8909 EHo] I e ot 24 7=, T4 a7 JFS v 8UES

A o], GUa A, AEHA, AR o TS F= UAE0] AAzgY.
FLH Holl= ) U] of A v, b) Z, Q1 E H[EH Ds, ) Uojopilat EYE
o, d) WE 259 A ERHA vE e o] H(transmethylation)o]] SlojA S, WE|Qd, G4t
9 HEY] Bpol 4, o) B I59E5ToIY A& &F ool QlojAlY vletd E, A&
2 AAES T, f) B4 UL AW 53 BT opv| AT FEA] Aoy J7 o)
Te]ot ot ot} FHE, FEjet EejHE, A Eat B4 53t Zo| HFULE Ato]9 A
SR8, h) YA, golAl, FAl, o] AFAlT Wl 9 7]e} ofn|iAte] By 9 AgERE 5ol
%E‘r. W (egg quality)= ILEAY] ARES Fikote A3t 45 o] Ho k. 1) ¢zt
2) WOl £4, 3) LY 24, 4) Futolut IF ¥ 59 AFo| §lE 4, 5) 4FY

A== e
a1z, 6) A 2] ol B

ME2IZEe) S0/

Table 82 ARE717E 59 AFR 218 B3t A 8% U4

of

He dljoF sked, 15 Al Eof
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Table 8. Factor influencing in feed intake of layer

Factor Difference Equality Intake change (%)
Environment temperature + 1T = 1

Weight 20 gm difference = 1

Laying eggs rate + 2% = 1

Egg weight + 1.25¢ = 1

Feather (depilation) Neck and chest region = 10

Feed energy + 1% = + 1

of & A2 4 (19 ofvA] 277 Table 83} 4] (2)] T 84, F=d 9 J&E 87%F

olch BEL Aol ofux] gl wheh ARAHES & 2WsH, Ao U] ol
S74e W) AL A5k Aol Lo, oluiA] Sao] 2,600-2,900 keallkg Aol ) 20C
~24C oA B 100 keal/kg®] o117 G0l WISt 19 145 4 keal®] o117 212 WS
et

ME =Wx (a+bT)+2xE+5x AW (1)

Metabolizable energy (ME) intake per day conclusion formula
LAARIHA] A HFr (keal/5/ D).

W: Xﬂv(kg)-

T AA H2%=(T).

E: 99 AFS(g/47/%).
= BFES x % ARE / 100.

AW: A SAFH g/ D).

w ZAA0] A 140, WA A 170.

b 2] A9 21, WaAe] S 2.2

CP =BW x 13 + AW x 018 + E x 0.12 / 0.83 x 0.68 2)

Crude protein and amino acid requiremenet
CP: 2t (o/day/bird).

1.3: S 1 kgd A= (g).

0.18: AU CP 3k (18%).

0.12: Azt 23 W CP F2K(12%).
0.83: Ak W CP] wt £31-2(83%).

0.68: AH= U] CPY] B FE7H68%).

Table 9= AFAA| 9] A& Tl Ao} ofu] At A7) 19 AFFol wheh 9=k B‘Oﬂ
ofato] AshE ofu|iAte] oF 7596-80%+ Agte] AJAtell A AMg-ECE. ofw ofn|iAte] A
= (A, 99)9] dAaE 2doh, AR8TES ST

A7 e 59 24 ol &3t A sl wet #E |, 3o A3lsle A5 & WA &

=
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Table 9. Amino acid requirement (% of feed) of white leghorn which have 95% laying eggs

Feed intake (gm/day/bird)

Amino acid level

120 110 100 90 80 70
Metabolizable energy (kcal/kg) 2,700 2,700 2,800 2,850 2,850 2,900
Crude protein (%) 14.0 15.5 17.0 19.0 20.5 22.1
Arginine (%) 0.60 0.68 0.75 0.82 0.90 0.98
Histidine (%) 0.14 0.15 0.17 0.19 0.22 0.25
Isoleucine (%) 0.50 0.57 0.63 0.69 0.73 0.82
Leucine (%) 0.73 0.82 0.91 1.00 1.09 1.18
Lysine (%) 0.56 0.63 0.70 0.77 0.84 0.91
Methionine (%) 0.31 0.34 0.37 0.41 0.47 0.56
Methionine + cystine (%) 0.53 0.58 0.64 0.71 0.80 0.91
Phenylalanine (%) 0.38 0.42 0.47 0.52 0.57 0.61
Phenylalanine + tyrosine (%) 0.65 0.75 0.83 0.91 0.99 1.08
Threonine (%) 0.50 0.57 0.63 0.69 0.73 0.82
Tryptophan (%) 0.12 0.14 0.15 0.17 0.18 0.20
Valine (%) 0.56 0.63 0.70 0.77 0.82 0.91

of AlFkElol A5 vhE o] FREh AFBH 10-12417F B A&k WP Uy
F9F o] §HL 240 ool wet H9Hck Qo] 3 FFUA Fodl B

kel =g S e
AtZHfgt T2 78 A5

@ ofuiAt o] WE dARH 24

Table 100] HH, 95% Atehg Sk WA 189 ofn|ieAl 3732 A RHE EA 5
Atdiet 220 ANGERESY ARAIRNS A, FRHIE, FEvvEe] 4, YA E
FoH, Be deE AR glo] HSE AAISHAH. AR 100 gnv/d/4> 7€ R =
o], 120 gm, 110 gm 27t -13.0¢, -0.5€°]%1 1, 90 gm, 80 gm, 70 gm 247+ +12.9¢, +19
9, 435490 % oA} ofulleil 2ol SoldeE AR e dSote AS & 4 Sl

Table 10. Analysis raw materials cost of amino acid requirement (% of feed) of white leghorn that do 95%
laying eggs that use feed mix program

Feed intake (gm/day/bird)

Amino acid level

120 110 100 90 80 70
Metabolizable energy (kcal/kg) 2,700 2,700 2,800 2,850 2,850 2,900
Crude protein (%) 14.0 15.5 17.0 19.0 205 22.1
Lysine (%) 0.56 0.63 0.70 0.77 0.84 0.91
Methionine (%) 0.31 0.34 0.37 0.41 0.47 0.56
Methionine + cystine (%) 0.53 0.58 0.64 0.71 0.80 0.91
Cost (¥) 229.9 242.7 243.2 255.9 262.2 278.6
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Table 112 ALzAIZo] QoS ofe] el5o] Sl ALRAIHF 100 gm/Q/3d ), 24 8
2591 25C30C P LT +1T W] me} 1969] ALRAIHE Sei5olof shw], ARz
2 29 2439k, AU AR 1 28 kealol AR BHEETRH A%, AS, S2ATH,
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Z(ME)Z 28 keal B34 2 23}e] 2 AT}, 243.29/kgolI A 245.78Y/kg O & +2.58Y/kg &
247 A& Fig. 6).
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Table 11. Analysis raw materials cost of factor influencing in feed intake of layer (feed intake 100
gm/day/bird CP 17%, ME 2,800 kcal/kg, cost ¥243.2)

Factor Difference Intake change  Cost () ME (kcal)
. o
Environment temperature + 1T 1% 2.43 28
Weight 20 gm difference 1% 2.43 28
Laying eggs rate + 2% 1% 243 28
Egg weight +125¢ 1% 2.43 28
Feather (depilation) Neck and chest region 10% 24.32 280
Feed energy + 1% + 1% + 243 28
fdzdy . . Anaysis Al | ABEE | A0 | Miinom | Masnun | anelsis | Aol | NRES | A0l
FEEE) Feed DeSIgner Formulation Votte % 071 1] o i« [JR0NR] 240 |- 334
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Fig. 6. Least cost result of feed mix program that use user interface.
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