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TABLE 1 Composition (Excluding Amino Acids) of Some Feeds Commonly Used for Poultry (data on
as-fed basis)

Nonphy Total Internat

tate g g Ether q ional
Phosph Phosph Linoleic Protein TME, (k Feed

Calcium (%) . Extract
orus ‘z;/“)s AcidlCo) (%) ©9) cal/kg) Number
(%) > a

Feed
Name
Descripti

on

meal
dehydrated
,17%
protein
meal
dehydrated
, 20%
protein
Bakery
waste,
dehydrated
(dried
bakery
product)

Alfalfa
Medicag
0 sativa

0.22 0.22

Alfalfa
Medicag
o sativa

Barley H
grain ordeum
vulgare
grain, Barley H
Pacific ordeum
coast vulgare
Broadbe
seeds an Vicia
faba

meal, vat

5-00-380 G

Blood

meal,
5-00-381 spray or Blood
ring dried

Brewer's

dehydrated Grains

Buckwhe
4-00-994 grain at,
common

seeds, meal
prepressed Canola B
solvent rassica
extracted, napus-
low erucic Brassica
acid, low campestr
glucosinola is
tes

5-01-162 dehydrated Casein

precipitate
5-20-837 d Casein
dehydrated

skim milk,

SUHIE dehydrated

Cattle

kernels
with coats,
meal Coconut

solvent Cocos
extracted nucifera
(copra
meal)

Corn,
Dent
Yellow Z
ea mays
indentat
a
Corn,
distillers’ Dent
grains with Yellow Z
solubles, ea mays
dehydrated indentat
a
Corn,
Dent
Yellow Z
ea mays
indentat
a
Corn,
Dent
Yellow Z
ea mays
indentat
a

distillers’
grains,
dehydrated

5-28-236

distillers’
5-28-237 solubles,
dehydrated

gluten,
5-28-242 meal, 60%
protein
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gluten with

bran (corn
gluten
feed)

Corn,
Dent
Yellow Z
ea mays
indentat
a

Corn,
Dent
Yellow Z
ea mays
indentat
a

4-03-011

grits by-

product

(hominy
feed)

Corn,
Dent
Yellow Z
ea mays
indentat
a

5-01-617

seeds, meal
mechanical
ly
extracted,
41%
protein
(expeller)

Cotton G
ossypiu
m spp.

5-07-872

seeds, meal
prepressed
solvent
extracted,
41%
protein

Cotton G
ossypiu
m spp.

5-07-873

seeds, meal
prepressed
solvent
extracted,
44%
protein

Cotton G
ossypiu
m spp.

5-01-969

solubles,
condensed

Fish

5-01-971

solubles,
dehydrated

Fish

meal
mechanical
ly
extracted

Fish,
Anchovy
Engraul
is ringen

meal
mechanical
ly
extracted

Fish,
Herring
Clupea
harengus

meal
mechanical
ly
extracted

Fish,
Menhad
en Brevo

ortia
tyrannus

Fish,
White
Gadidae
(family)-
Lop hiidae
(family) -
Rajidae
(family)
meal
mechanical
ly
extracted

Fish,
Menhad
en Brevo

ortia
tyrannus

5-14-503

process
residue

(gelatin by-

products)

Gelatin

5-00-389

Livers
meal

Hominy
Feed—
see Corn

5-00-385

meal
rendered

Meat

5-00-388

with bone,
meal
rendered

Meat

grain

Millet
Pearl Pe
nnisetum
glaucum

4-03-120

Millet,
Proso Pa
nicum
miliaceu
m

4-03-309

Oats Ave
na sativa

4-07-999

Oats Ave
na sativa

1-03-281

Pacific
coast

5-03-600

Pea Pisu
m spp.




5-03-649

kernels,
meal
mechani-
cally
extracted
(peanut
meal)
(expeller)

Peanut A
rachis
hypogae
a

5-03-650

kernels,
meal
solvent
extracted
(peanut
meal)

Peanut A
rachis
hypogae
a

by-
product,

meal
rendered
(viscera
with feet

and
heads)

Poultry

5-03-795

feathers,
meal
hydrolyzed

Poultry

4-03-928

bran with
germ (rice
bran)

Rice Ory
za sativa

4-03-932

grain,
polished
and
broken
(brewer's
rice)

Rice Ory
za sativa

4-03-943

polishings

Rice Ory
za sativa

4-04-047

grain

Rye Seca
le cereale

seeds, meal
solvent
extracted

Safflowe
r Cartha
mus
tinctoriu
s

5-07-959

seeds
without
hulls, meal
solvent
extracted

Safflowe
r Cartha
mus
tinctoriu
s

5-04-220

seeds, meal
mechani-
cally
extracted
(expeller)

Sesame S
esamum
indicum

4-20-893

grain, 8-
10%
protein

Sorghum
Sorghu
m
bicolor

4-20-894

grain,
more than
10%
protein

Sorghum
Sorghu
m
bicolor

4-04-594

flour by-
product

(soybean

mill feed)

Soybean
Glycine
max

protein

concen-
trate, more
than 70%

protein

Soybean
Glycine
max

5-04-597

seeds, heat
processed

Soybean
Glycine
max

5-04-604

seeds, meal
solvent
extracted

Soybean
Glycine
max

5-04-612

seeds
without
hulls, meal
solvent
extracted

Soybean
Glycine
max

seeds, meal
solvent
extracted

Sunflowe
r
common
Helianth
us
annuus

seeds
without
hulls, meal
solvent
extracted

Sunflowe
r,
common
Helianth
us
annuus

4-20-362

grain

Triticale
Triticale
hexaploi

aestivum




flour by-
product,
less than
4% fiber
(wheat red
dog)

Wheat T
riticum
aestivum

flour by-
product,
less than
9.5% fiber
(wheat
middlings)

Wheat T
riticum
aestivum

4-05-201

flour by-
product,
less than
7% fiber
(wheat
shorts)

Wheat T
riticum
aestivum

grain, hard
red winter

Wheat T
riticum
aestivum

4-05-337

grain, soft
white
winter

Wheat T
riticum
aestivum

dehydrated

Whey Bo
s taurus

low lactose,
dehydrated
(dried
whey
product)

Whey Bo
s taurus

7-05-527

dehydrated

Yeast,
Brewer's
Sacchar
0-myces
cerevisia
e

dehydrated

Yeast,
Torulat
orulopsis

utilis

Ribofl
avin
(mg/k
9)

Pantot
henic
Acid
(mg/k

9)

Niacin
(mg/k
)]

Folaci

n
(mg/k
9)

Cholin

e
(mg/k
9)

Biotin
(mg/k
9)

Entry
Number

13.6

25

4.2

1,401

1,419




11,311

2,077

1,996
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(TABLE 2 Amino Acid Composition of Some Feeds Commonly Used for Poultry (data on as-fed basis

Arg
Cystin Isoleucin Histidin inin
e (%) e (%) e (%) e

(%)

Dry o
Ma Feed Name
tter Description
(%)

Phenyl
alanine
(%)

Prote
in
(%)

Tyrosin
e (%)

meal
0.6 dehydrated,
9 &% 17%
protein
meal
dehydrated,
20%
protein
waste
dehydrated
(dried
bakery
product)

grain

grain,
Pacific
coast

seeds

meal, vat
dried

meal, spray
or ring
dried

dehydrated

grain

seeds, meal
prepressed
solvent
extracted,
low erucic
acid, low
gluco-
sinolates

dehydrated

precipitated
dehydrated

skim milk,
dehydrated

kernels
with coats,
meal
solvent
extracted
(copra
meal)
distillers’
grains,
dehydrated
distillers’
grains with
solubles,
dehydrated
distillers’
solubles,
dehydrated
gluten,
meal, 60%
protein
gluten with
bran (corn
gluten feed)

grain

grits
byproduct
(hominy
feed)
seeds, meal
mechan
ically
extracted,
41%
protein
(expeller)
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seeds, meal
direct
solvent
extracted,
41%
protein

seeds, meal
prepressed
solvent
extracted,
41%
protein

solubles,
condensed

solubles,
dehydrated

meal
mechanicall
y extracted

meal
mechanicall
y extracted

meal
mechanicall
y extracted

meal
mechanicall
y extracted

process
residue
(gelatin
byproducts
)

meal

meal
rendered

with bone,
meal
rendered

grain

grain

grain

grain,
Pacific
coast

hulls

seeds

kernels,
meal
mechanicall
y extracted
(peanut
meal)
(expeller)

kernels,
meal
solvent
extracted
(peanut
meal)

by-product,
meal
rendered
(viscera
with feet
and heads)

feathers,
meal
hydrolyzed

bran with
germ (rice
bran)

grain,
polished
and broken
(brewer's
rice)

polishings

grain

seeds, meal
solvent
extracted




seeds
without
hulls, meal
solvent
extracted

seeds, meal
mecha-
nically
extracted

grain, 8-
10%
protein

grain, more
than 10%
protein

flour by-
product

(Soybean

mill feed)

protein
con-
centrate,
more than
70%
protein

seeds, heat
pro- cessed

seeds, meal
solvent
extracted

seeds
without
hulls, meal
solvent
extracted

seeds, meal
solvent
extracted

seeds
without
hulls, meal
solvent
extracted

grain

bran

flour by-
product,
less than
4% fiber
(wheat red

less than
9.5% fiber
(wheat mid-
dlings)

flour by-
product,
less than
7% fiber
(wheat
shorts)

grain, hard
red winter

grain, soft
white
winter

dehyd-
rated

low lactose,
dehy-
drated
(dried whey
product)

dehy-
drated

dehy-
drated
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TABLE 3 Ranges in Weights per Unit of Volume for Selected Feedstuffs at Standard Moisture

Kilograms per Pounds per

Hectoliter Bushel Feedstuffs

Moisture (%)

16 45-62 36-48 Barley

59-72 46-56 Corn

28-52 22-40 Oats

Sorghum

6674 51-57 (milo)

63-72 49-56 Soybeans

58-81 45-63 Wheat
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TABLE 4 Estimation of Amino Acids from Protein Content of Feed Ingredients

Percen
Regressio tage

n Factors | Crude
Protein

Percent-
age Dry Ingredients
Matter

Threon

Arginine
ine

Lysine

-0.041 16.3 88 Alfalfa meal,

0.0436 Medicago sativa

0.014 . Corn,

0.0336 Zea mays

-0.024 : Corn gluten feed

0.0358

0.029 Milo,

0.0296 Sorghum vulgare

0.25 . Canola meal,

Brassica

0.0377 .
campestris

0.051 . Rice bran

0.0366

0.203 : Soybean meal,

0.0344 Soya hispida

-0.051 Sunflower meal,

0.038 Helianthus annuus

0.047 . Triticale

0.0264




Wheat,

Triticum

Wheat bran

Field beans,

Vicia faba

Cottonseed meal,

Gossypium
herbaceum

Fish meal

Meat and bone
meal

Field peas,

Pisum arvense

Poultry by-
product

meal

Poultry by-
product

meal, feather rich

Barley,

Hordeum vulgare

Lupine seeds,

Lupinus spp.




TABLE 5 Estimation of Amino Acid Composition of Feed Ingredients from Proximate Components

Ay A3 Gl gSall e cilal) il el Auiual) (alaal) AS 5 0485 5 Jgan

Arginine

Tryptophan

Threonine

Lysine

Methionine
+ Cystine

Methionine

Regression
Factor

Ingredients

0.7692

0.04185

0.25777

1.4019

0.95037

0.21996

Intercept

Lupin beans

0.11352

0.01

0.02099

0.018

_a

Protein

-0.05846

-0.01034

-0.03354

-0.01326

-0.00306

Moisture

0.04113

0.0076

Fat

-0.0142

-0.01262

-0.00219

Fiber

-0.17185

Ash

0.2664

0.0593

0.2753

0.0859

0.0557

Intercept

0.0163

0.0238

0.0097

0.0282

0.0126

Protein

0.0092

Moisture

-0.0392

Fat

-0.0238

-0.0227

Fiber

0.0741

0.0353

Ash

5.4562

4.7627

0.7048

Intercept

Meat and bone
meal

0.0098

Protein

-0.0916

-0.09

-0.0299

Moisture

-0.0565

0.012

Fat

0.0555

Fiber

-0.0246

-0.0629

-0.0224

Ash

0.1536

-12.066

8.587

-9.1947

Intercept

Poultry by-
product

0.0627

0.149

-0.0311

0.1019

Protein

0.0423

-0.0403

0.1013

Moisture

0.2488

-0.149

0.1438

Fat

Fiber

0.1535

-0.1338

0.0801

Ash

11.8668

7.3812

0.9628

Intercept

Poultry by-
product (crude
protein = 54—
62%)

-0.0936

-0.0361

-0.0162

Protein

-0.1187

-0.0675

Moisture

0.0257

-0.1102

0.0681

Fat

-0.0601

0.0623

Fiber

0.0172

-0.0212

-0.1299

-0.0761

Ash

-0.91679

0.09402

0.39919

0.1614

0.18461

0.12772

Intercept

Field peas

0.12596

-0.01403

0.03032

0.04412

0.01941

Protein

0.06947

-0.02906

-0.00895

Moisture

0.06006

-0.11144

-0.05672

Fat

0.01807

0.02799

-0.01301

-0.01017

Fiber

-0.21985

0.24338

-0.10471

0.12756

0.09637

Ash

-0.0312

0.0594

0.0202

-0.1305

0.1517

0.0315

Intercept

Rice bran (full-
fat)

0.0433

0.0042

0.0246

0.0313

0.0274

0.0135

Protein

0.0024

Moisture

-0.0033

Fat
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0.0045

Fiber

0.001

Ash

1.5584

Intercept

Soybean meal
(crude protein
=44-48%)

0.0159

Protein

-0.0289

Moisture

-0.0366

Fat

-0.0277

Fiber

-0.1132

-0.0241

0.0665

0.0624

0.0221

Ash

-0.52833

-0.35379

0.31712

1.1555

0.04425

-0.0452

Intercept

Sunflower meal

0.09468

0.02035

0.02928

0.0157

0.03874

0.01905

Protein

0.00358

0.00023

0.01612

Moisture

0.00528

-0.04026

Fat

0.0001

-0.01197

Fiber

-0.03554

Ash

0.0582

0.3902

0.0074

Intercept

0.0047

0.0137

0.0582

Protein

-0.0195

-0.0054

Moisture

-0.0142

0.0812

0.0435

Fat

0.0163

-0.0195

Fiber

-0.0144

-0.0285

Ash

-0.1305

0.1517

Intercept

Bakery by-
product

0.0313

0.0274

Protein

Moisture

-0.0033

Fat

0.0045

-0.0046

Fiber

0.0051

0.001

0.0061

-0.0039

-0.0018

Ash

Arginine

Tryptophan

Threonine

Lysine

Methionine
+ Cystine

Methionine

Regression
Factor

Ingredients

-0.019

0.00596

0.05491

0.05149

-0.0319

0.03751

Intercept

Barley

0.0339

0.01053

0.02713

0.01975

0.02881

0.01311

Protein

0.01762

0.01235

Moisture

0.02886

Fat

0.01549

Fiber

Ash

-0.03611

0.26305

-0.05593

-0.10041

0.05313

0.11324

Intercept

0.05484

0.02275

0.04573

0.02982

0.01123

Protein

-0.01334

0.00678

Moisture

0.01593

Fat

0.00963

Fiber

Ash

-1.03918

-3.55835

-1.42473

-1.68796

-0.05128

0.47972

Intercept

Corn gluten meal

0.04928

0.06078

0.05376

0.04201

0.05079

0.02256

Protein

0.00518

0.01719

-0.02883

-0.01619

Moisture

-0.00384

-0.00604

0.00337

-0.00561

-0.00663

-0.00898

Fat

0.04866

0.22955

0.12052

0.12073

-0.05844

Fiber

-0.0058

0.01117

-0.00359

0.00546

0.00788

Ash

3.6336

-0.3998

4.4545

2.2017

5.0029

8.8912

Intercept

Fish meal

0.02564

0.0124

0.055

0.02597

Protein

-0.0331

-0.0358

0.06728

-0.0651

Moisture
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-0.03662
-0.182
-0.0612
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TABLE 6 True Digestibility Coefficients (percent) for Selected Amino Acids in Poultry
Feedstuffs

Feedstuff
(protein)
Alfalfa
dehydrated
(17%)a
Bakery
waste
(10%)
Barley,
grain
(10%)
Beans,
field (23%)
Blood meal
(81-89%)
Canola
meal
(38%0)
Casein
(85%)
Coconut
meal
(25%)
Corn,
distiller's
grains
(27%) with
solubles
Corn
gluten
meal
(60%)
Corn
gluten feed
with bran
(22%)
Corn,
grain
(8.8%0)
Cottonseed
meal
(41%)
Feather
meal
(86%)
Fish meal
(60-63%)
Gelatin
(88%)
Lupinseed
meal
(33%)
Meat meal
(50-54%)
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Oats, grain
(11%)

Oat groats
(16%0)

Peanut
meal
(46%0)

Poultry
by-product
meal
(58%0)

Rice, bran
(13%)

Soybean
meal,
dehulled
(48%0)

Sesame
meal
(44%)

Sorghum,
grain
(8.8%)

Sunflower
meal,
dehulled
(45%)

Wheat,
bran
(16%)

Wheat,
grain (11-
17%)

Wheat,
shorts
(17%)




TABLE 7 Nitrogen Concentration, Crude Protein Equivalents, and Nitrogen-Corrected Metabolizable
Energy Values for Amino Acids

i) palaadl G g il Aaaaal) Al A8Ual) 4 g ¢ AlA) (g ) cliBla ¢ Cpan g Al 5857 Jgaad)

3,060 98.25 15.72 Alanine
2,940 201 32.16 Arginine
1,760 132.5 21.2 Asparagine
2,020 65.75 10.52 Aspartic acid
2,060 72.88 11.66 Cystine
2,880 59.5 9.52 Glutamic acid
2,630 119.81 19.17 Glutamine
1,570 116.62 18.66 Glycine
2,410 169.25 27.08 Histidine
5,650 66.75 10.68 Isoleucine
5,640 66.69 10.67 Leucine
4,600 119.75 19.16 Lysine
3,680 58.69 9.39 Methionine
6,030 53 8.48 Phenylalanine
3,980 76.06 12.17 Proline
2,210 83.31 13.33 Serine
3,150 73.5 11.76 Threonine
5,460 85.75 13.72 Tryptophan
5,240 48.31 7.73 Tyrosine

4,990 74.75 11.96 Valine

& Assuming 100 percent digestibility and conversion of nitrogen to
uric acid (including urea in the case of arginine).




TABLE 8 Average Fatty Acid Composition of Some Feeds Commonly Used for Poultry (data on as-
fed basis)
L3 (b e clitll) ¢l gall Bale dasiioal) Cidlel) (and Axaal) (alaal) o sSi o gia 8 g

Internati

— onal Feed Name
Selected Fatty Acids, Percentage of Feed Extract Feed Descripti

(%) ee escription

Number

€18:1 €18:0 €16:1 €16:0

Alfalfa, meal
1-00-023 | dehydrated, 17%
protein

5-00-549 Barley, grain

Corn, dent
yellow, distillers’
solubles,
dehydrated
Corn, dent
yellow, grain
Corn, dent
yellow, grits by-
product (hominy
feed)
Corn, dent
yellow, gluten,
meal
Cotton, seeds,
meal solvent
extracted, 41%
protein
Fish, menhaden,
meal
mechanically
extracted

5-28-237

4-02-935

5-01-621

5-02-009

Meat with bone,

S meal rendered

4-03-309 Oats, grain

Peanut, kernels,
meal
mechanically
extracted
(expeller)

Poultry, feathers,
meal hydrolyzed

Sorghum, milo,

4-04-444 .
grain

Soybean, seeds
without hulls,
meal solvent
extracted

Wheat, grain

Wheat,
middlings




TABLE 9 Characteristics and Metabolizable Energy of Various Sources of Fats and Selected Carbohydrates
Occurring in Feed
cilal) B uaad Al 3 LAl il o ga SN g G eal) (e Adlida jaliaal I3 JAKEL ALIAY d3Ual) g pailadd) 9 Jgia

Energy Content "*As- Selected Fatty Acids, Percentage of Total Fatty
Fed" Acids

Methodology kcal Nature of
b ME/Kkg Sample

Fatty
18:03 | 18:02 | 18:01 | 18:00 | 16:01 | 16:00 Acids (% | MlVa (%)
free)

Data Reference

Animal
Tallows
Sibbald et al., ME, chicks 6,020- Commerci
1961 10-20% 7,690 al
Whitehead and ME, poults 7,268- Beef
Fisher, 1975 10% 7,780
- ME, chicks Commerci
Guirguis, 1976 3-10% 7,601 al
Sibbald, 1978b TME 15% 7,920 Beef
ME,-TME 8,460- Commerci
regression 10,640 al
ME,-TME 8,083- Commerci
chick, 7% 8,387 al
6,683-
6,916 Beef
ME, poults 6,808- Commerci
Sell et al., 1986b 2-8 weeks 8,551 al
Wiseman et al., ME, chicks 6,633- Commerci
1986 2-6% 9,353 al
Huyghebaert et ME; chicks Commerci

al., 1988 9% Ei2a8 al A &

6,709 1.6
6,060 1.7
7,628 1.9
7,148 E 1.2

Soap
=l stocks _
Animal-Vegetable
Blends
Sibbald et al., ME, chicks 8,110- Tallow-
1961 10% 8,820 crude soy
Sibbald et al., ME, chicks 7660 Tallow-
1962 10% ' crude soy
Tallow-
refined soy
Tallow-
soap stocks
Commerci
TME 15% 9,340 al-feed 05
grade
Commerci
al-edible
Tallow-
8,710 crude 4.6
canola
Tallow-
crude soy
Tallow-
9,570 refined 0.4
corn
Tallow-
st soap stocks Ll
Lard-
HHtHt crude 3.2
canola
Tallow-
9,140 crude 3.2
canola
ME, poults 7,114- Commerci
Sell et al., 1986b 2-8 weeks 8.924 al
Huyghebaert et ME, chicks Beef A-
al., 1988 9% BASEs crude soy e
7,788 e 3.9
crude soy
Animal
5,834 soap stock-
soy; soap

Muztar et al., 1981

Lessire et al., 1982

3.8

6.3

7,830 6.4

8,490 0.5

Sibbald and
Kramer, 1977

9,360 0.6

9,700 3.3

4.2



https://www.nap.edu/read/2114/chapter/11#p200062028940077002
https://www.nap.edu/read/2114/chapter/11#p200062028940077003
https://www.nap.edu/read/2114/chapter/11#p200062028940077003

stock

Canola Qil

Sibbald and
Kramer, 1977

TME 15%

Crude oil

Muztar et al., 1981

ME,-TME
regression

Soap stock

Coconut
Oil

Weihrauch et al.,
1977

24 oils,
MCFA =
57%

Veen et al., 1974

ME, chicks
9%

Undefined
MCFACc =
34%

Corn Qil

Whitehead and
Fisher, 1975

ME, poults
10%

9,639-
10,811

Refined

Spencer et al.,
1976

Commerci
al range

Sibbald and
Kramer, 1977

TME 15%

9,870

Refined

Dale and Fuller,
1981

TME 15%

9,660-
9,210

Refined

Cottonseed
QOil

Waldroup and
Tollett, 1972

Soap stock
A

B

C

D

E

Spencer et al.,
1976

Commerci
al range

Fish Qil

Cuppett and
Soares, 1972

ME, chicks
4-12%

Menhaden

Veen et al., 1974

ME, chicks
9%

Hydrogena
ted

Stansby, 1981

Menhaden
range

Herring
range
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Energy Content ""As-

Fed"

Selected Fatty Acids, Percentage of Total

Fatty Acids

Data Reference

Methodologyb

keal
ME/kg

Nature of Sample

18:3

18:2

18:1 18:0

16:1

16:0

De Koning et al.
1986

Raw anchovy

Lard

Whitehead and
Fisher, 1975

MERn poults 10%

Edible

Sibbald, 1978

TME 15%

Edible

Spencer et al.,
1976

Commercial range

Sibbald and
Kramer, 1977

TME 15%

9,390

Edible

Wiseman et al.,
1986

MERn chicks 2-6%

9,926-
10,236

Edible

Huyghebaert et
al., 1988

MEn chicks 9%

7,337

Edible A

7,356

B

Palm Oil

Clegg, 1973

E. guineenis

Sibbald and
Kramer, 1977

TME 15%

Fatty acid composite

Huyghebaert et
al., 1988

MEn chicks 9%

Refined oil

Used in cooking

Peanut Oil

Spencer et al.
1976

Commercial range

Poultry Fat

Cullenetal.,
1962

MEn chicks 14%

Commercial

Lessire et al.,
1982

MER-TME chick
7%

Commercial A

TME 7%

B

Sunfflower Oil

Spencer etal.,
1976

Commercial range

Soybean Oil

Sibbald et al.,
1961

MEn chicks 10-
20%

Crude

Sibbald et al.,
1962

MERn chicks 20%

Crude

Dried gums

Lecithins

Spencer et al.,
1976

Commercial range

Sibbald and
Kramer, 1977

TME 15%

Crude
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Wiseman et al.,
1986

MER chicks 2-6%

Refined

Huyghebaert et
al., 1988

MERn chick 9%

Refined

Crude

Soap stocks

Used in cooking

Sunflower Oil

Spencer et al.,
1976

Commercial range

Guirguis, 1976

MER, chick 2-8%

Refined

Purdy, 1986

High 18:1 cultivars

Carbohydrates

Naber and
Touchburn, 1969

Starch

Janssen et al.,
1972

Sucrose

Sibbald, 1977

TME

Glucose

Mateos and Sell,
1980

MEn hen 0-9% fat

Glucose

Fructose

Glucose:fructose
(50:50)

Maltose

Starch

Sucrose




TABLE 10 Element Concentrations in Common Mineral Sources (data on as-fed basis)
L3l (bl e clit)) 48 dal) sl jilaall A jualiall ) 38 55 10 Jgad)

Intern
ational | Feed Name
Feed Description
No.

6-00- Bone meal,
400 steamed
6-01- Calcium
069 carbonate,
CaCO;,
Calcium
phosphate,
dibasic from
defluorinate
d phosphoric
acid
Calcium
phosphate,
mono-
dibasic
Calcium
sulfate,
dihydrate,
CaS0,-2H,0
Limestone,
ground
Magnesium
oxide, MgO
Meat with
bone, meal
rendered
Oyster,
shells,
ground
Phosphate,
defluorinate
d
Phosphate,
rock
curacao,
ground
Phosphate,
rock, soft
Potassium
chloride,
KCI
Potassium
and
magnesium
sulfate
Potassium
sulfate,
K,SO,
Sodium
carbonate,
Na,CO;




Sodium
bicarbonate,
NaHCO;

Sodium
chloride,
NaCl
(common
salt)

Sodium
phosphate,
dibasic, from
furnaced
phosphoric
acid,
Na,HPO,

Sodium
phosphate,
monobasic,

NaH,PO,-H,
(@)

Sodium
sulfate,
decahydrate,
Na,SOB-10
H,O

Phosphoric
acid, i
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TABLE 1 Documentation of Nutrient Requirements of Starting and Growing Leghorn—Type Chickens

Nutrient and Estimated

Breed Response Criteria Age Period (Days) Requirement

Protein, %

White Leghorn Growth 0-14

White Leghorn and Rhode Island Red Growth 0-42

White Leghorn Growth 84-140

White Leghorn Growth 0-42

White Leghorn Growth 0-56 12

White Leghorn Growth 56-84 16

White Leghorn Growth 84-104 19

White Leghorn Growth 56-140 14 and 21

Commercial brown-egg layers Growth 0-42 12 or 13.6

Commercial brown-egg layers Growth 42-140 16 or 13.6

White Leghorn Growth_ of muscle 0-28 18
fiber

White Leghorn Growth 0-42 18

White Leghorn Growth 42-140 12

White Leghorn Laying 140-504

White Leghorn Growth 0-28

White Leghorn Growth 0-140

Isoleucine, %

White Leghorn Growth 0.5

Leucine, %

White Leghorn Growth 1.2

Lysine, %

White Leghorn Growth

Growth, feed
efficiency
Growth, feed
efficiency

White Leghorn Growth

White Leghorn

White Leghorn




White Leghorn

Growth

White Leghorn

Growth, egg
production

Methionine, %

White Leghorn

Growth

0-14

Methionine and cystine, %

White Leghorn

Growth

0-14

White Leghorn

Growth, laying

0-504

White Leghorn

Growth

0-42

Threonine,

White Leghorn

Growth, feed
efficiency

Valine, %

White Leghorn

Growth

8-18

0.8

Primarily White Leghorn

Growth

Various

Requirements for essential
amino acids described in
review papers

White Leghorn

Growth

Various

Requirements for essential
amino acids described in
review papers

White Leghorn

Growth, egg
production

Various

Requirements for essential
amino acids described in
review papers

Calcium

White Leghorn

Growth

0-153

White Leghorn

Egg production

154-439

White Leghorn

Growth

35-126

White Leghorn

Growth,
subsequent egg
production

12-154

White Leghorn

Egg production

177-225

White Leghorn

Growth, bone
development

At 133 to 4th egg

White Leghorn

Growth,
subsequent egg
production

98-140

White Leghorn

Egg production

98-140

White Leghorn

Egg production

140-420

White Leghorn

Egg production

>112

Nonphytate phosphorus, %

White Leghorn

Growth

7-28

0.4-0.6

Brown-egg layers

Growth

0-140

0.25-0.30




White Leghorn

Growth

112-140

0.31

Breed

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

Potassium, %

White Leghorn

Growth, bone
calcification

0.20-0.24

Sodium, %

White Leghorn

Growth

0.10-0.30

White Rock

Growth

0.13

White Leghorn

Growth

0.15

Chlorine, %

Broiler Strain

Growth, feed efficiency

Sodium chloride, %

White Leghorn

Growth, sexual maturity

Magnesium, mg/kg

White Leghorn

Deficiency, neuropathy

Broiler strain

Growth

White Rock

Growth

Manganese, mg/kg

New Hampshire

Growth, perosis

White Leghorn

Growth

Zinc, mg/kg

White Rock

Growth, feathering, bone
development

White Rock

Growth

White Leghorn

Growth, feed efficiency

White Leghorn

Growth, feathering

White Leghorn

Growth, feathering

Iron, mg/kg

Rhode Island Red

Growth

Rhode Island Red

Growth

Broiler strain

Growth, feed efficiency

New Hampshire

Growth

Copper, mg/kg

34




Rhode Island Red

Growth

lodine, mg/kg

White Leghorn and Broiler strains

Growth, thyoid histology

White Leghorn and Broiler strains

Growth, thyoid histology

Broiler strain

Growth

Selenium, mg/kg

Plymouth Rock

Growth

0.01 to 0.05, depending on dietary
concentration of Vitamin E

Plymouth Rock

Growth

0.01 to 0.05, depending on dietary
concentration of Vitamin E

Vitamin A, 1U/kg

White Leghorn

Growth, absence of
deficiency signs

800-1600

White Leghorn

Curative feeding

1,200-2,000

White Leghorn

Growth

2,650

White Leghorn

Growth

1,760-7,000

White Leghorn

Growth,
E. acervulina resistance

4,400

Vitamin D3 1U/kg

Brown-egg layers

Growth, bone
development

0-84

180

Broiler strain

Growth, bone
development

0-21

132

Broiler strain

Growth, bone
development

0-21

198

Various strains

Egg production, shell
quality

Adults

500

Breed

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

Vitamin E, 1U/kg

Various strains

To prevent exudative
diathesis,
encephalomalacia,
muscular degeneration

Various

White Rock

Growth

0-35

Vitamin K, mg/kg

White Rock

Growth

0.524-0.528

White Rock

Growth

0.515

White Rock

Growth

0.524-0.528

Riboflavin, mg/kg

White Leghorn

Growth

3.5 decreasing to 1.0

White Leghorn

Growth

3.5 decreasing to 1.0




White Leghorn

Growth, prevention of
curled toe paralysis

0-56

White Leghorn

Growth, prevention of
curled toe paralysis

0-42

Pantothenic acid, mg/kg

White Leghorn

Growth

0-42

New Hampshire

Growth, egg quality,
hatchability

0-150

White Leghorn

Growth

0-42

Niacin, mg/kg

Barred Plymouth Rock

Growth

White Leghorn

Growth

White Leghorn

Growth

Vitamin By,, mg/kg

White Leghorn

Growth

White Leghorn

Growth

White Leghorn

Growth

White Leghorn

Growth

Choline, mg/kg

White Leghorn

Growth, egg production

White Leghorn

Growth

Biotin, pg/kg

Broiler strain

Growth, feed efficiency

Folic Acid, mg/kg

White Leghorn

Growth, feed efficiency

0.8

Broiler strain

Growth

0.3

New Hampshire

Growth

0.33 to 1.45, depending on protein
level

Broiler strain

Growth

0.3

Thiamine, mg/kg

White Leghorn

Growth

White Leghorn

Growth

White Leghorn

Gain, feed efficiency

Pyridoxine, mg/kg

White Leghorn

Growth




White Plymouth Rock

Growth

Broiler strain

Growth




TABLE A-2 Documentation of Nutrient Requirements of Leghorn—Type Chickens in Egg Production
o) gUl) b O sgialll zlaal LB clalia¥) @ 12 Jsaad)

Age

Breed Response Criteria Period

(Weeks)

Nutrient and Estimated
Requirement

Protein, g/bird daily

White Leghorn Egg yield

White Leghorn Egg yield

White Leghorn Egg yield

Arginine, mg/bird dai

Not
specified

White Leghorn Egg yield

Isoleucine, mg/bird daily

Not
specified
Not
specified

White Leghorn Egg yield

White Leghorn Egg yield

Lysine, mg/bird daily

White Leghorn Egg yield 22-42

White Leghorn Egg yield 24-72

White Leghorn Egg yield 20-72

Methionine + cystine, mg/bird daily

20 from
White Leghorn Egg yield onset of

lay
White Leghorn Egg yield 24-72

Threonine, mg/bird daily

Not

White Leghorn Egg yield specified

Tryptophan, mg/bird daily

White Leghorn Egg yield 20-76

Rhode Island Red Egg yield 20-76

Valine, %

Not

Crossbreds Egg yield specified

Linoleic acid, %

White Leghorn Egg production

White Leghorn Egg weight

White Leghorn Hatch




White Leghorn

Egg weight

Calcium, g/bird dail

White Leghorn

Egg production, shell
strength

48-55

White Leghorn

Egg production

24-72

White Leghorn

Egg production, shell
strength

54-58

Nonphytate Phosphorus, mg/bird daily

White Leghorn

Egg production

28-36

White Leghorn

Egg production

21-32

White Leghorn

Egg production

35-51

White Leghorn

Egg production

52-72

Potassium, %

White Leghorn

Egg production, egg
weight, shell thickness

Sodium, mg/bird dai

White Leghorn

Egg production, feed
conversion

140-150

Medium weight brown-egg layers

Egg yield

130

Chlorine, mg/bird dai

White Leghorn

Egg production

Not
specified

Magnesium, mg/kg

White Leghorn

Egg production, egg
weight

25-31

White Leghorn

Egg production

Not
specified

White Leghorn

Egg production,
hatchability

30-38

Managenese, mg/kg

New Hampshire

Egg production,
hatchability

White Leghorn

Egg production, egg
weight, shell quality

White Leghorn

Shell quality

Zinc, mg/kg

White Leghorn

Egg yield, hatchability

22-72

White Leghorn

Feather condition of
progeny

Not
specified

Iron, mg/kg

White Leghorn

Hematocrit

Not
specified

White Leghorn

Hatchability

Not
specified




Response Criteria

Age
Period
(Weeks)

Nutrient and Estimated
Requirement

Copper, mg/kg

White Leghorn

Shell quality

White Leghorn

Shell quality

lodine, pg/kg

White Leghorn

Hatchability

White Leghorn

Embryonic thyroid

Selenium, mg/kg

White Leghorn

Egg production

White Leghorn

Egg production,
hatchability

Vitamin A, 1U/kg

White Leghorn

Egg production, blood
spots, hatchability

White Leghorn

Egg production, fertility,
hatchability

Vitamin Ds, 1U/kg

White Leghorn

Egg production, shell
quality, fertility,
hatchability

White Leghorn

Egg production, shell
quality

Vitamin E, 1U/kg

White Leghorn

Hatchability

Not
specified

12

White Leghorn

Hatchability

Not
specified

41 in presence of oxidized fat

Vitamin K, mg/kg

White Leghorn

Hatchability

Not
specified

Riboflavin, mg/kg

White Leghorn

Egg production

30-45

White Leghorn

Hatchability, chick
quality

30-45

Pantothenic acid, mg/kg

White Leghorn

Hatchability

Not
specified

New Hampshire

Hatchability

Not
specified

White Leghorn

Egg production

28-53

White Leghorn

Hatchability

28-53




White Leghorn

Viability of progeny

Niacin, mg/kg

White Leghorn

Egg production,
hatchability

Not
specified

White Leghorn

Egg production,
hatchability

Not
specified

White Leghorn

Egg yield, hatchability

41-57

Vitamin By, pg/kg

White Leghorn

Hatchability

22-35

New Hampshire

Hatchability

Not
specified

White Leghorn

Hatchability

Not
specified

Choline, mg/kg

White Leghorn

Egg yield

White Leghorn

Egg yield

White Leghorn

Egg yield

Biotin, mg/kg

White Leghorn

Egg production

Folic acid, mg/kg

White Leghorn

Egg production,
hatchability

44-55

White Leghorn

Hatchability

Not
specified

Thiamin, mg/kg

White Leghorn

Hatchability

Not
specified

Pyridoxine, mg/kg

White Leghorn

Egg production,
hatchability

Not
specified

White Leghorn

Egg production,
hatchability

Not
specified

White Leghorn

Egg production,
hatchability

Not
specified




TABLE 3 Documentation of Nutrient Requirements of Starting and Growing Market Broilers
Bamd) (b Cpacd) glad galy sad cildial) clidbia 3568 3 Jaad)

Breed

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

Arginine, %

Not specified

Growth

New Hampshire x Columbian

Growth, feed efficiency

Barred Plymouth Rock

Growth, feed efficiency

Not specified

Growth, feed efficiency

White Plymouth Rock x Light Sussex

Growth, feed efficiency
nitrogen balance
(adjusted to 23% crude
protein diet

New Hampshire x Columbian

Growth, feed efficiency

11

New Hampshire x Columbian

Growth, feed efficiency

0.78

Broiler strain

Growth, feed efficiency

0.85

Not specified

Growth, feed efficiency

0.76

Hubbard x Hubbard

Growth, feed efficiency,
feather loss

1.13, males

Hubbard x Hubbard

Growth, feed efficiency,
feather loss

0.98, females

Not specified

Computer model

1.33

Not specified

Computer model

1.19

Not specified

Computer model

1.16

Not specified

Computer model

11

Not specified

Computer model

Not specified

Computer model

Not specified

Computer model

Broiler strain

Growth, feed efficiency

Vedette ISA

Growth, feed efficiency

Vedette ISA

Growth, feed efficiency

Peterson x Arbor Acre

Growth, feed efficiency

Glycine + serine, %

New Hampshire x Columbian

Growth, feed efficiency

New Hampshire x Columbian

Growth, feed efficiency

Cobb

Growth, feed efficiency

Not specified

Growth, feed efficiency

42




New Hampshire x Columbian

Growth, feed efficiency

Histidine, %

New Hampshire x Columbian

Growth, feed efficiency

New Hampshire x Columbian

Growth, feed efficiency

Ross

Total protein efficiency

New Hampshire x Columbian

Growth, feed efficiency

New Hampshire x Columbian

Growth

Isoleucine, %

Not specified

Growth

New Hampshire x Columbian

Growth

New Hampshire x Columbian

Growth

Not specified

Growth, plasma amino
acid levels

Ross

Total protein efficiency

New Hampshire x Columbian

Growth, feed efficiency

Ross x Arbor Acre

Growth, feed efficiency

Leucine, %

Not specified

Growth

10 or 24

New Hampshire x Columbian

Growth, feed efficiency

8-13 or
15

New Hampshire x Columbian

Growth, feed efficiency

8-16

Not specified

Growth, plasma amino
acid levels

7-21

Ross

Total protein efficiency

14-28

New Hampshire x Columbian

Growth, feed efficiency

8-16

Ross x Arbor Acre

Growth, feed efficiency

7-21

Lysine, %

Not specified

Growth

Not specified

Growth

Not specified

Growth

Rhode Island Red x White Leghorn

Growth

Rhode Island Red

Growth, feed efficiency

Rhode Island Red x Barred Plymouth

Rock

Growth, feed efficiency

Not specified

Growth, feed efficiency




New Hampshire x Columbian

Growth, feed efficiency,
plasma amino acids

Breed

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

New Hampshire x Columbian

Growth, feed efficiency,
plasma amino acids

14-21

0.7

New Hampshire x Columbian

Growth, feed efficiency,
plasma amino acids

21-28

0.67

New Hampshire x Columbian

Growth, feed efficiency,
plasma amino acids

28-35

0.59

Broiler strain

Growth, feed efficiency

35-56

0.92

Broiler strain

Growth, feed efficiency

7-21

0.85

New Hampshire x Columbian

Growth, feed efficiency

14-28

1.05

New Hampshire x Columbian

Growth, feed efficiency

14-21

1.06

New Hampshire x Columbian

Growth, feed efficiency

42-56

0.92

Broiler strain

Growth, feed efficiency

49-63

0.68

Not specified

Growth, feed efficiency

7-14

1.12

Vantress x Arbor Acre

Growth, feed efficiency

49-63

0.64, females

Vantress x Arbor Acre

Growth, feed efficiency

49-63

0.69, males

Not specified

Computer model

7-14

1.18

Not specified

Computer model

14-21

1

Not specified

Computer model

21-28

Not specified

Computer model

28-35

Not specified

Computer model

35-42

Not specified

Computer model

42-49

Not specified

Computer model

49-56

Broiler strain

Growth, feed efficiency

14-28

Broiler strain

Growth, feed efficiency

1-21

Broiler strain

Growth, feed efficiency

1-28

Cornish x White Plymouth Rock

Growth, feed efficiency

35-42

Methionine, %

Not specified

Growth

New Hampshire x Columbian

Growth, feed efficiency

Not specified

Growth, feed efficiency

Broiler strain

Growth, feed efficiency

44




Not specified

Computer model

0.39

Not specified

Computer model

0.34

Not specified

Computer model

0.34

Not specified

Computer model

0.31

Not specified

Computer model

0.27

Not specified

Computer model

0.27

Not specified

Computer model

0.29

Cobb

Growth, feed efficiency

0.57

New Hampshire x Columbian

Growth, feed efficiency

0.44

White Mountain x Hubbard

Growth, feed efficiency,
feathering

0.46

White Mountain x Hubbard

Growth, feed efficiency

0.36, males

White Mountain x Hubbard

Growth, feed efficiency

0.29, females

Broiler strain

Growth, feed efficiency

0.49

Broiler strain

Growth, feed efficiency

0.55

Methionine + cystine,

Not specified

Growth

New Hampshire x Columbian

Growth, feed efficiency

New Hampshire x Columbian

Growth, feed efficiency

Vantress x New Hampshire

Feed efficiency

Vantress x New Hampshire

Feed efficiency

Hubbard

Growth

Hubbard

Feed efficiency

Cornish x White Plymouth Rock

Growth, feed efficiency

Cornish x White Plymouth Rock

Growth, feed efficiency

Cornish x White Plymouth Rock

Growth, feed efficiency

New Hampshire x Columbian

Growth, feed efficiency

New Hampshire x Columbian

Growth, feed efficiency

New Hampshire x Columbian

Growth, feed efficiency

Broiler strain

Growth, feed efficiency

New Hampshire x Colubmian

Growth, feed efficiency

New Hampshire x Columbian

Growth, feed efficiency




New Hampshire x Columbian

Growth, feed efficiency,
nitrogen retention

0.92

Not specified

Growth, feed efficiency

0.58

Cobb

Growth, feed efficiency

0.93

Not specified

Computer model

0.61

Not specified

Computer model

0.84

Not specified

Computer model

0.78

Not specified

Computer model

0.79

Breed

Response Criteria

Nutrient and Estimated
Requirement

Not specified

Computer model

0.76

Not specified

Computer model

0.68

Not specified

Computer model

0.69

Not specified

Computer model

0.39

Broiler strain

Growth, feed efficiency

0.86

Cobb

Growth, feed efficiency

0.9

New Hampshire x Columbian

Growth, feed efficiency

0.8

New Hampshire x Columbian

Growth, feed efficiency

Hubbard

Growth, feed efficiency

New Hampshire x Columbian

Growth, feed efficiency

Cornish x White Plymouth Rock

Growth, feed efficiency

0.7

White Mountain x Hubbard

Growth, feed efficiency,
feathering

0.87, males

White Mountain x Hubbard

Growth, feed efficiency,
feathering

0.92, females

White Mountain x Hubbard

Growth, feed efficiency,
feathering

0.81, males

Cobb

Growth, feed efficiency

0.82

Cobb

Growth, feed efficiency

>0.70-<0.76

New Hampshire x Columbian

Growth, feed efficiency

0.65

New Hampshire x Columbian

Growth, feed efficiency

0.5

New Hampshire x Columbian

Growth, feed efficiency

Hubbard

Growth, feed efficiency

Hubbard

Growth, feed efficiency

Broiler strain

Growth, feed efficiency

Peterson x Arbor Acres

Growth, feed efficiency,
carcass fat




Phenylalanine + tyrosine, %

Not specified

Growth

10-20 or
40

New Hampshire x Columbian

Growth, feed efficiency

4-10

1

New Hampshire x Columbian

Growth, feed efficiency

8-13 or
15

1.3

New Hampshire x Columbian

Growth, feed efficiency

8-16

131

New Hampshire x Columbian

Growth, feed efficiency

8-14

0.87

Ross

Total protein efficiency

14-28

1.09-1.12

New Hampshire x Columbian

Growth, feed efficiency

8-16

0.95

Threonine, %

Not specified

Growth, feed efficiency

0.6

White Leghorn

Growth, feed efficiency

0.45

Barred Plymouth Rock

Growth, feed efficiency

0.55-0.60

Not specified

Growth, feed efficiency

0.58

New Hampshire x Columbian

Growth, feed efficiency

0.65

New Hampshire x White Leghorn

Growth, feed efficiency

0.7

Broiler strain

Growth, feed efficiency

Not specified

Growth, feed efficiency

Not specified

Computer model

Not specified

Computer model

Not specified

Computer model

Not specified

Computer model

Not specified

Computer model

0.6

Not specified

Computer model

0.6

Not specified

Computer model

0.64

ISA JV 715

Growth, feed efficiency

0.73-0.75

ISA JV 715

Growth, feed efficiency

0.68

Peterson

Growth, feed efficiency
(adjusted to 23% crude
protein

0.85

Broiler strain

Growth, feed efficiency

0.72, males

Broiler strain

Growth, feed efficiency

0.67, females

Hybro

Growth, feed efficiency

0.79

Vantress x Arbor Acres

Growth, feed efficiency

0.79
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Broiler strain

Growth, feed efficiency

0.70-0.77

Tryptophan, %

Not specified

Growth

New Hampshire x White Leghorn

Growth, feed efficiency

New Hampshire x Columbian

Growth, feed efficiency

Not specified

Growth, feed efficiency

New Hampshire x Columbian

Growth, feed efficiency

New Hampshire x Columbian

Growth, feed efficiency
(adjusted to 23% CP

Broiler strain

Growth, feed efficiency

Breed

Response Criteria

Nutrient and Estimated
Requirement

Not specified

Growth, feed efficiency

0.14

Arbor Acres

Growth, feed efficiency,
feather scores

0.179

Not specified

Computer model

0.163

Not specified

Computer model

0.144

Not specified

Computer model

0.141

Not specified

Computer model

0.134

Not specified

Computer model

0.118

Not specified

Computer model

0.122

Not specified

Computer model

0.128

Cobb

Growth

0.17

Cobb

Growth, feed efficiency

0.24

Lohmann

Growth, feed efficiency

0.19

Vantress x Arbor Acres

Growth, feed efficiency

0.16

New Hampshire x Columbian

Growth

0.22

Valine, %

Not specified

Growth

10-20 or
24

0.8

New Hampshire x Columbian

Growth, feed efficiency

8-13 or
15

0.83

New Hampshire x Columbian

Growth, feed efficiency

8-16

0.82

Not specified

Growth, plasma amino
acid levels

7-21

0.75

Ross

Total protein efficiency

14-28

0.69-0.71
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New Hampshire x Columbian

Growth, feed efficiency

Broiler strain

Feed efficiency,
abdominal fat

Ross x Arbor Acres

Growth, feed efficiency

Proline, %

New Hampshire x Columbian

Growth, feed efficiency

New Hampshire x Columbian

Growth

New Hampshire x Columbian

Growth, feed efficiency

Linoleic, %

Various

Growth, tissue triene:
tetraene ratio

Varied
citedina
review

Calcium, %

Broiler strain

Growth, feed efficiency

Vantress x Arbor Acres

Growth, bone ash

Vantress x Arbor Acres

Growth, feed efficiency,
bone ash

Broiler strain

Growth, feed efficiency,
tibia ash, bone breaking
force

White Cornish x White Plymouth
Rock

Maximum toe ash

White Cornish x White Plymouth
Rock

Maximum toe ash

Nonphytate phosphoru

New Hampshire x White Leghorn

Growth, bone ash

New Hampshire x White Leghorn

Growth, bone ash

New Hampshire x White Leghorn

Growth, bone ash

Various

Growth, bone ash

New Hampshire x White Leghorn

Growth, bone ash

New Hampshire x White Leghorn

Growth, bone ash

Rhode Island Red

Growth, bone ash, serum

alkaline phosphates

Vantress x White Plymouth Rock

Growth, bone ash

Broiler strain

Growth, feed efficiency

Broiler strain

Growth, bone ash

Vantress x Arbor Acres

Growth, feed efficiency

Vantress x Arbor Acres

Growth, feed efficiency,
bone ash

White Plymouth Rock

Growth, bone ash




Broiler strain

Growth, feed efficiency,
tibia ash, bone breaking
force

Broiler strain

Maximum bone ash

Hubbard

Growth, feed efficiency

Broiler strain

Growth, feed efficiency,
bone ash

New Hampshire x Columbian

Growth, feed efficiency,
tibia ash

White Cornish x White Plymouth
Rock

Maximum toe ash

White Cornish x White Plymouth
Rock

Maximum toe ash

Breed

Response Criteria

Nutrient and Estimated
Requirement

Hubbard

Growth, toe ash

0.38

Broiler strain

Growth, feed efficiency,
tibia ash, bone length

0.29

Potassium, %

Vantress x Plymouth Rock

Growth, mortality

0.25-0.30

Sodium, %

New Hampshire x Columbian

Growth, feed efficiency

0.11-0.20

White Rock

Growth, blood pH

0.13

White Rock

Growth, blood pH

0.07

Broiler strain

Growth

>0.23

Cobb x Hubbard

Growth

0.2-0.25

Peterson x Hubbard

Growth

0.35

Chlorine, %

White Plymouth Rock

Growth, mortality, blood
chlorine

0.315-0.340

White Rock

Growth, blood pH

0.13

White Rock

Growth, blood pH

0.07

Ross

Growth, mortality

0.12

Peterson x Hubbard

Growth

0.42

Magnesium, mg/kg

Not specified

Growth

350-400

White Plymouth Rock

Growth, mortality

100-300

Vantress x Hubbard

Growth, blood
magnesium, mortality

250




New Hampshire x Columbian

Growth, mortality

White Plymouth Rock

Growth, mortality, bone
magnesium

New Hampshire x Columbian

Growth, feed efficiency

Manganese, mg/kg

New Hampshire

Growth, perosis

New Hampshire x Columbian

Growth

Zinc, mg/kg

White Plymouth Rock

Growth, feed efficiency

White Rock or Cornish x White Rock

Growth, bone integrity

White Meteor x White Rock

Growth

White Rock

Growth, tibia ash

New Hampshire x Connecticut

Growth leg deformity

White Plymouth Rock

Growth, hock
enlargement

New Hampshire x Columbian

Growth

Broiler strain

Growth

New Hampshire x Columbian

Tibia zinc

Iron, mg/kg

Not specified

Growth, blood
hemoglobin, liver iron

New Hampshire and Plymouth Rock

Growth, blood
hemoglobin

Not specified

Growth, blood
hemoglobin, packed cell
volume

New Hampshire x Columbian

Growth, blood
hemoglobin, hematocrit

Copper, mg/kg

Not specified

Growth, blood
hemoglobin, packed cell
volume

lodine, mg/kg

Barred Plymouth Rock

Growth, thyroid
histology

Selenium, mg/kg

Plymouth Rock x Vantress

Mortality, exudative
diathesis

>0.02 mg

White Plymouth Rock x Vantress

Pancreatic degeneration
and fibrosis

0.1 mg

Hubbard

Growth, glutathione
peroxidase activity

>0.1 mg

Hubbard and Arbor Acre

Growth, plasma thyroid

hormones

0.14-0.17




Vitamin A, 1U/kg

Various

Growth

Varied

Columbian Rock

Growth, feed efficiency

1-28

Not specified

Growth

7-63

Broiler strain

Growth, incidence of
coccidiosis

1-56

Vitamin D3, 1U/kg

Not specified

Growth

200-396

Not specified

Growth, tibia ash

198

Not specified

Growth, tibia ash

200

Not specified

Growth, bone
mineralization

200

Breed

Response Criteria

Nutrient and Estimated
Requirement

Not specified

Growth, tibia ash

198

Not specified

Growth, tibia ash

400

Vitamin E, 1U/kg

Barred Plymouth Rock x Rhode
Island Red

Prevention of
encephalomalacia

1-28

Various

Encephalomalacia
exudative diathesis,
muscular degeneration

Varied,
cited in a
review

White Rock

Mortality, incidence of
encephalomalacia

2-33

Vantress x Plymouth Rock

Growth, peroxidation in
hepatic microsomes

1-14 and
1-35

Vitamin K, mg/kg

White Plymouth Rock

Prothrombin time

White Plymouth Rock

Prothrombin time

White Plymouth Rock

Prothrombin time

White Plymouth Rock

Prothrombin time

White Plymouth Rock

Prothrombin time

Riboflavin, mg/kg

Barred Rock x New Hampshire

Growth

White Wyandotte

Growth, feed efficiency

White Wyandotte

Growth

Hubbard x Arbor Acres

Growth




Harco

Growth

1-56

Cobb and Cobb x Arbor Acres

Growth, feed efficiency

1-21

New Hampshire x Columbian

Growth, leg paralysis

8-22

Pantothenic acid, mg/kg

Not specified

Growth

Not
specified

Not specified

Growth

Not
specified

New Hampshire x Columbian

Growth

Not
specified

Niacin, mg/kg

Barred Plymouth Rock

Growth, perosis

White Cornish

Growth

New Hampshire x Columbian

Growth, incidence of
tongue lesions

New Hampshire x Columbian

Growth, feed efficiency

Not specified

Growth, feed efficiency

Cobb

Growth, leg disorders

Arbor Acres x Cobb

Growth, leg disorders

Cobb

Growth

Vitamin By,, mg/kg

Dominant White x White Plymouth
Rock

Growth, energetic
efficiency

Sussex x White Rock

Growth, feed efficiency

Choline, mg/kg

Barred Plymouth Rock

Growth, perosis

1,000

White Rock

Growth, feed efficiency

1,540-1,760

White Rock

Growth

1119

New Hampshire x Columbian

Growth

358

White Rock

Growth

800

Not specified

Growth, perosis

=1,171

Not specified

Growth, feed efficiency

1,910-4,100

New Hampshire x Columbian

Growth

1,200

New Hampshire x Columbian

Growth

625

Not specified

Growth, feed efficiency

>1,300

Biotin, mg/kg




Not specified

Growth, mortality, leg
abnormalities

>0.26 mg

Not specified

Growth, mortality due to
fatty kidney liver
syndrome

0.14

Ross

Growth

0.14-0.18

Ross

Incidence of fatty liver
and kidney syndrome

=0.17-0.18

Hubbard

Growth, leg disorders,
dermatitis

0.2

Folic acid, mg/kg

Not specified

Growth

0.5

Rhode Island Red x White Plymouth
Rock

Growth, perosis

0.3

New Hampshire

Growth

0.40-0.65 mg

Breed

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

Arbor Acres

Growth, perosis

1-20

0.3-0.45mg

Not specified

Growth, leg
abnormalities

1-28

0.34-0.49 mg

Thiamin, mg/kg

New Hampshire x Delaware

Growth, polyneuritis

3-28

New Hampshire x Delaware

Growth, feed efficiency

Not
specified

Pyridoxine, mg/kg

White Rock

Growth, perosis, anemia,
dermatitis

12-42

Not specified

Growth, feed efficiency

7-28

White Plymouth Rock

Growth, feed efficiency

1-56

White Plymouth Rock

Growth

1-14

Vantress x Arbor Acre

Growth, gizzard erosion,
serum glutamic
oxaloacetic transaminase

1-28

Not specified

Growth, feed efficiency

1-14 or
35

Not specified

Growth, feed efficiency

Not
specified

Not specified

Growth, serum aspartate
aminotransferase

7-28

White Plymouth Rock x Vantress

Growth, perosis

1-28

Ross

Growth, feed efficiency

1-20

New Hampshire x Columbian

Growth

8-17

Not specified

Growth, plasma amino
acids

3-49

Not specified

Growth

1-21

Not specified

Growth

1-49




TABLE 4 Documentation of Nutrient Requirements of Broiler Breeder Pullets and Hens

Zlaally Oracdl] glaal duilil) cldbial 3458 4 Jsaad)

Breed

Response Criteria

Age
Period
(Weeks)

Nutrient and Estimated
Requirement

Protein, g/bird daily

Cobb

Egg production, egg
weight, body weight,
liveability

24-52

20

Not specified

Estimated by model

Not
specified

15.6-16.5

Marshall

Egg production, egg
weight, fertility

21-64

19.5

Tetra

Egg yield

31-60

23.1

Hubbard

Body weight, skeletal
growth egg production,
egg weight, hatchability

19-40

19

Egg production, egg
weight, body weight, egg
quality, hatchability

Arginine, mg/bird daily

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Egg production, egg
weight, fertility,
hatchability, egg specific
gravity

Histidine, mg/bird dai

y

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Isoleucine, mg/bird daily

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Leucine, mg/bird daily

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Lysine, mg/bird daily




Mathematical model

Body weight, egg mass

Peak egg
producti
on

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Egg production, egg
weight, fertility,
hatchability, egg specific
gravity

24-64

Methionine, mg/bird d

aily

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Cobb

Egg production, body
weight, fertility,

2464

hatchability

Methionine + cystine, mg/b

ird daily

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Cobb

Egg production, egg
weight, fertility,
hatchability

24-64

Egg production, egg
weight, fertility,
hatchability, egg specific
gravity

24-64

Nitrogen balance

Peak egg
producti
on

Phenylalanine + tyrosine mg/bird daily

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Phenylalanine, mg/bird

daily

Mathematical model

Body weight, egg mass

Peak egg
producti

on

Threonine, mg/bird daily

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Mathematical model

Body weight, egg mass

Peak egg
producti
on

Tryptophan, mg/bird daily




Peak egg
Mathematical model Body weight, egg mass producti
on
Peak egg
Mathematical model Body weight, egg mass | producti

on

Egg production, egg
weight, fertility,
hatchability, egg specific
gravity

Valine, mg/bird dail

Peak egg
Mathematical model Body weight, egg mass | producti
on
Peak egg
Mathematical model Body weight, egg mass producti

on

Calcium, g/bird dail

Egg production, egg
specific gravity, 26-53
hatchability

Nonphytate phosphorus, mg/bird daily

Egg production, egg
specific gravity, 26-53 338
hatchability

Age
Response Criteria Period
(Weeks)

Nutrient and Estimated
Requirement

Sodium, mg/bird daily

Egg production egg
weight, fertility, egg
specific gravity,
hatchability

Chlorine, mg/bird dai

Egg production, egg
weight, hatchability

Biotin, pg/bird daily

Egg production, egg

Marshall weight, hatchability




TABLE 5 Documentation of Nutrient Requirements of Broiler Breeder Males
padll glad Sil i)l clthial) (3555 5 Jgaad)
Age
Breed Response Criteria Period
(Days)

Metabolizable energy, kcal/bird daily

Nutrient and Estimated
Requirement

Body weight, fertility,
Broiler strain hatchability, chick 28-40
production, testes weight
Body weight, fertility,
Broiler strain hatchability, chick 30-54
production, testes weight
Body weight, fertility,
Hubbard hatchability, chick 30-46
production, testes weight
Body weight, semen
Broiler strain volume, sperm cells, 30-60
fertility

Protein, %

Development of testes,
subsequent fertility
Weight gain, semen

volume and
concentration testes
weight
Weight gain, semen
volume and
concentration testes
weight

Hubbard Fertility 24-27 weeks

Peterson

Broiler strain

Broiler strain

Protein, g/bird daily

Hubbard Semen production

Calcium, %

Semen volume, sperm
concentration, dead
sperm, fertility,
hatchability

White Leghorn

Calcium, mg/bird daily

Weight gain, blood
White Leghorn parameters, bone 44-56
constituents
Reproductive Not
parameters specified

Broiler strains

Nonphytate phosphorus, %

Weight gain, blood
White Leghorn parameters, bone 44-56
constituents

Nonphytate phosphorus, mg/bird daily

Arbor Acres, cage males Semen volume 32-40




TABLE 6 Documentation of Nutrient Requirements of Turkeys
o9l dhall L)) clalia¥) 3865 6 Jsaad)
Age
Response Criteria Period
(Days)

Nutrient and Estimated
Requirement

Protein, %

Bronze, both sexes Growth

Jersey Buff, both sexes Growth

Large White, both sexes Growth

Bronze, both sexes Growth

Bronze, both sexes Growth

Bronze, females Growth

Bronze, females Growth

Bronze, females Growth

Large White, males Growth

Large White, males Growth

Large White, males Growth

Large White, females Growth

Large White, females Growth

Large White, females Growth

Large White, males Growth

Large White, males Growth

Large White, males Growth

Large White, males Growth

Large White, males Growth

Large White, males Growth

Large White, males Growth

Large White, females Growth

Large White, females Growth

Large White, females Growth

Growth, carcass
composition

Large White, both sexes

Small White, both sexes Growth, carcass quality

Small White, males Growth, carcass quality
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Small White, females

Growth, carcass quality

Arginine, %

Bronze, both sexes

Growth

Bronze, both sexes

Growth

Bronze and Large White, both sexes

Growth

Large White, males

Growth

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Glycine, %

Bronze, both sexes

Growth

Histidine, %

Bronze, both sexes

Growth

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

Isoleucine, %

Bronze, both sexes

Growth

Bronze, both sexes

Growth

Large White, males

Growth

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance
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Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Leucine, %

Bronze, both sexes

Growth

Large White, males

Growth

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Lysine, %

Bronze, both sexes

Growth

Bronze, both sexes

Growth

Bronze, both sexes

Growth

Bronze, both sexes

Growth

Bronze, both sexes

Growth

Bronze, both sexes

Growth

Bronze, both sexes

Growth

Large White, both sexes

Growth

Bronze, both sexes

Growth

Large White, males

Growth

Large White, males

Growth

Large White, males

Growth

Large White, males

Growth

Large White, males

Growth

Large White, males

Growth

Large White, both sexes

Growth

Large White, both sexes

Growth

Large White, both sexes

Growth




Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Methionine, %

Bronze, both sexes

Growth

Starting

Jersey Buff, both sexes

Growth

0-6

Breed

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

Large White, males

Growth, foot pad
dermatitis

0-3

0.6

Large White, males

Growth, feed efficiency

8-12

0.4

Large White, males

Growth

1-4

Large White, males

Growth

Large White, males

Growth

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Methionine + cystine,

Bronze, both sexes

Growth

Large White, both sexes

Growth

Bronze, both sexes

Growth

Large White, both sexes

Growth, foot pad
dermatitis

Large White, males

Growth, feed efficiency

Large White, males

Growth

Medium White, males

Growth

Medium White, males

Growth




Medium White, both sexes

Growth

Medium White, both sexes

Growth

Large White, males

Growth

Large White, males

Growth

Large White, males

Growth

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, both sexes

Growth, feed efficiency

0-4

Large White, both sexes

Growth, feed efficiency

4-8

Phenylalanine + tyrosine, %

Large White, males

Growth

1-2

Bronze, both sexes

Growth

1-3

Large White, males, mathematical
model

Carcass content plus
maintenance

0-4

Large White, males, mathematical
model

Carcass content plus
maintenance

4-8

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Phenylalanine,

Large White, males

Growth

0.83

Large White, males, mathematical
model

Carcass content plus
maintenance

1.05

Breed

Response Criteria

Nutrient and Estimated
Requirement

Large White, males, mathematical
model

Carcass content plus
maintenance

0.88

Large White, males, mathematical
model

Carcass content plus
maintenance

0.67

Large White, males, mathematical
model

Carcass content plus
maintenance

0.53

Large White, males, mathematical
model

Carcass content plus
maintenance

0.41

Large White, males, mathematical
model

Carcass content plus
maintenance

0.3
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Threonine, %

Large White, males

Growth

Bronze, both sexes

Growth

Large White, males

Growth

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Tryptophan, %

Bronze, both sexes

Growth

Large White, males

Growth

Bronze, both sexes

Growth

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Valine, %

Large White, males

Growth

Bronze, both sexes

Growth

Large White, males

Growth

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Large White, males, mathematical
model

Carcass content plus
maintenance

Linoleic, %




Large White and Bronze, both sexes

Growth

Calcium, %

Bronze, both sexes

Bone ash

0-3

1.7

Small White, both sexes

Bone ash

0-4

1.5

Breed

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

Bronze, both sexes

Growth, toe ash

8-24

0.6

Large White, both sexes

Growth, toe ash

1

Bronze, both sexes

Growth, toe ash

0.7

Bronze, both sexes

Growth, toe ash

Bronze, both sexes

Growth, toe ash

Nonphytate phosphoru

Bronze and Small White, both sexes

Growth

Bronze, both sexes

Growth, bone ash

Bronze x White Holland, both sexes

Growth, toe ash

Bronze x White Holland, both sexes

Growth, toe ash

Large White, males

Bone ash

Large White, males

Growth, bone ash

Potassium, %

Medium White, both sexes

Growth

Bronze, both sexes

Growth

Large White, both sexes

Growth

Large White, both sexes

Growth, tissue
potassium

Sodium, %

Bronze, both sexes

Growth

Large White, both sexes

Body, plasma
composition

Large White, both sexes

Growth

Large White, both sexes

Growth

Large White, females

Poult yield

Chlorine, %

Large White, both sexes

Growth

Large White, females

Maximum shell strength,
poult yield




Magnesium, mg/kg

Bronze, both sexes

Alleviate deficiency
symptoms

Manganese, mg/kg

Bronze, both sexes

Growth, alleviation of
perosis

Large White, males

Growth, tissue levels

Bronze, both sexes

Growth

Zinc, mg/kg

Bronze, both sexes

Growth, deficiency
symptoms

Bronze, both sexes

Growth, deficiency
symptoms

Medium White, both sexes

Growth, deficiency
symptoms

Large White, both sexes

Growth, blood level

Selenium, mg/kg

Bronze, both sexes

Gizzard myopathy

Large White, both sexes

Gizzard myopathy

Large White, both sexes

Hatchability, poult
mortality

Vitamin A, 1U/kg

Bronze, both sexes

Growth

Large White, females

Poult yield

Large White, both sexes

Maintain liver levels of
vitamin A

Large White, both sexes

Growth, liver storage of

vitamin A

Large White, males

Growth

Large White, males

Growth, liver storage of

vitamin A

Vitamin D, 1U/kg

Bronze, both sexes

Growth

Small White, both sexes

Growth, bone ash

Large White, both sexes

Growth, bone ash

Large White, both sexes

Growth, bone ash

Large White, both sexes

Growth, toe ash

Vitamin E, 1U/kg

Bronze, both sexes

Growth, gizzard
myopathy

Large White, both sexes

Gizzard myopathy




Large White, females

Meat oxidative stability

Vitamin K, mg/kg

Bronze, both sexes

Prothrombin time

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

Riboflavin, mg/kg

Bronze, both sexes

Growth, deficiency
symptoms

Bronze, both sexes

Growth, deficiency
symptoms

Bronze and Large White, both sexes

Growth, deficiency
symptoms

Medium White, both sexes

Erythrocyte glutathione
reductase and liver
flavin

Large White, both sexes

Growth, leg paralysis

Pantothenic acid, mg/kg

Bronze, both sexes

Growth, dermatitis

1-3

Large White, both sexes

Growth

0-3

Niacin, mg/kg

Bronze, both sexes

Growth, enlarged hocks

Large White, both sexes

Growth, leg disorders

Large White, both sexes

Growth, leg disorders

Vitamin By,, mg/kg

Bronze, both sexes

Growth

0.002-0.010

Small White, both sexes

Growth

0.003

Choline, mg/kg

Not specified

Perosis

Not specified

Perosis

Bronze, females

Growth

Large White, both sexes

Growth

Large and Medium White, both sexes

Growth

Biotin, mg/kg

Bronze, both sexes

Growth, deficiency
symptoms

0.284

Bronze, both sexes

Growth, deficiency

symptoms

0.275-0.324




Bronze, both sexes

Growth, deficiency
symptoms

0.225-0.275

Large White, males

Growth

0.22

Folic acid, mg/kg

Bronze, both sexes

Growth, anemia
prevention

Jersey Buff, both sexes

Growth, cervical
paralysis

Thiamin, mg/kg

Bronze, both sexes

Growth, symptoms of
deficiency

Bronze, both sexes

Growth

Pyridoxine, mg/kg

Not specified

Growth

Bronze, both sexes

Growth, survival




TABLE 7 Documentation of Nutrient Requirements of Turkey Breeders
ol dhalf A At Aiiad) clalday)

G937 Jgandl

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

Protein, %

Large White, females

Poult yield

Large and Small White, females

Poult yield

Large White, females

Poult yield

Large White, females

Poult yield egg weight

Large White, females

Egg production

Large White, females

Egg production

Large White, males

Semen production

Large White, females

Egg production

Large White, females

Poult yield

Large White, males

Semen production

Large White, females

Poult yield

Protein, g/bird daily

Small White, females

Poult yield

Linoleic acid, %

Large White, females

Egg production,
hatchability

Large White, females

Poult yield

Calcium, %

Bronze, females

Poult yield

Large White, females

Poult yield

Bronze, females

Egg production

Large White, females

Egg production

Bronze, females

Egg production

Large White, females

Poult yield

Large White, males

Growth

Small White, males

Poult yield

Large White, females

Poult yield

Nonphytate phosphoru

Small White, females

Poult yield




Large White, females

Poult yield

Small White, females

Poult yield

Medium White, females

Fertility

Manganese, mg/kg

Bronze, females

Poult yield

Vitamin A, 1U/kg

Bronze, females

Hatchability, poult
survival

2,200-3,520

Vitamin D, 1U/kg

Bronze, females

Poult yield

1,000

Large White, females

Poult yield

<750

Large White, females

Poult yield

300400

Large White, females

Adequate poult yield but
inadequate liver storage

900

Vitamin E, 1U/kg

Bronze, females

Poult yield

Riboflavin, mg/kg

Bronze, females

Poult yield

Not
specified

Pantothenic acid, mg/kg

Bronze, females

Poult yield, survival

Various

Niacin, mg/kg

Large White, females

Egg weight, poult yield

Choline, mg/kg

Bronze and Large White, females

Poult yield

Small White, females

Poult yield

Biotin, mg/kg

Large White, females

Poult yield

30-46

Large and Medium White, females

Poult yield

Not
specified

Medium White, females

Egg biotin (albumen)

27-34

Folic acid, mg/kg

Bronze, females

Poult yield

Large White, females

Poult yield, survival
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TABLE 8 Documentation of Nutrient Requirements of Geese

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

Protein, %

White Chinese

Growth

White Chinese

Growth

White Chinese

Growth

White Chinese

Growth

Embden

Growth, feathering

Embden

Growth, feathering

Embden

Growth, feathering

Not specified

Growth, feed efficiency

Not specified

Growth, feed efficiency

Embden

Growth, carcass yield,
carcass composition

Embden

Growth, carcass yield,
carcass composition

Lysine, %

White Chinese

Growth

Not specified

Growth

Not specified

Growth

Not specified

Growth, feed efficiency

Not specified

Growth, feed efficiency

Methionine, %

White Italian

Growth, feed efficiency,
carcass composition

Not specified

Growth, feed efficiency

Not specified

Growth, feed efficiency

Methionine + cystine,

White Italian

Growth, feed efficiency,
carcass composition

Not specified

Growth, feed efficiency

Not specified

Growth, feed efficiency

Calcium, %

Pilgrim

Growth, bone ash
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Total phosphorus, %

Pilgrim

Growth, bone ash

0-4 and
0-6

Riboflavin, mg/kg

Growth

Pantothenic acid, mg/kg

Embden

Growth, mortality

Niacin, mg/kg

Not specified

Growth, perosis

Embden

Growth

Choline, mg/kg

Growth, perosis

0-3

Choline, niacin, folic acid

Toulouse

Growth, liveability

0-2

Not determined but estimates
obtained




TABLE 9 Documentation of Nutrient Requirements of Ducks
Lll 40150 clalia¥) @559 Jeaad)

Response Criteria

Age
Period
(Days)

Nutrient and Estimated
Requirement

Protein, %

White Pekin

Growth

0-2

White Pekin

Growth

2-7

White Pekin

Growth

0-2

White Pekin

Growth

2 to
market

White Pekin

Growth

0-2

White Pekin

Growth

3-8

Arginine, %

Growth, feed efficiency

Isoleucine, %

Growth, feed efficiency

Leucine, %

Growth, feed efficiency

Lysine, %

Not specified

Growth

Fattenin
9

Pekin

Growth, Plasma lysine

0-8

Muscovy

Growth

3-6

Muscovy

Growth

Mule

Growth, feed efficiency

Pekin

Growth, feed efficiency

Methionine, %

Pekin

Growth

Muscovy

Growth

Muscovy

Growth

Pekin

Growth

Methionine + cystine,

Growth

Growth

Growth




Growth

Tryptophan, %

Growth, feed efficiency

Valine, %

Growth, feed efficiency

Calcium, %

Pekin

Growth, feed efficiency,
bone ash

0-8

Pekin

Growth, bone ash

Duckling
S

Taiwan

Growth

Duckling
S

Taiwan

Egg production

Sexually
mature

Nonphytate phosphorus

, %

Growth, bone ash

0-4

Egg production

Sexually
mature

Growth

0-3

Growth

3-6

Growth

Growth, bone ash

Sodium chlorine, %

Growth, liveability

Growth, liveability

Magnesium, mg/kg

Growth, brain alkaline
phosphatase

Manganese, mg/kg

Growth

Zinc, mg/kg

Growth

Selenium, mg/kg

Growth, liveability,
glutathione peroxidase

Growth liveability
glutathione peroxidase

Vitamin Ds, 1U/kg

Bone ash




Pekin and Indian Runner Bone ash 400

Breed Response Criteria Nutrient and Estimated
Requirement

Vitamin E, 1U/kg

Myopathy of heart
muscle and smooth
muscle of intestines

Vitamin K, mg/kg

Prothrombin time

Riboflavin, mg/kg

Growth 0-7

Growth 0.5-2

Pantothenic acid, mg/kg

Growth 0.5-2

Niacin, mg/kg

Growth, leg development

Growth, feed efficiency

Pyridoxine, mg/kg

Growth, hemoglobin,
hematocrit




TABLE 10 Documentation of Nutrient Requirements of Pheasants
oAl il i) cilabiaY) 346510 Jead)
Age
Response Criteria Period
(Days)

Metabolizable energy, kcal/kg

Nutrient and Estimated
Requirement

Egg production, egg
Ring-neck weight, feed efficiency,
mortality

Sexually
mature

Protein, %

Ring—neck Growth

Ring-neck Growth

Ring—neck Growth, feed efficiency

Growth, feathering,
liveability
Growth, feathering,
liveability
Growth, feathering,
liveability

Ring—neck Growth 0-4

Chinese

Chinese

Chinese After 16

Ring—neck Growth, feed efficiency 0-4

Growth, feathering, feed
efficiency, liveability
Egg production, fertility, | Sexually

hatchability mature

Ring—neck 8-17

Ring—neck

Methionine, %

Ring—neck Growth

Methionine + cystine,

Ring—neck Growth

Calcium, %

Ring—neck Growth, bone ash

Ring-neck Growth, bone ash

Ring—neck Growth, bone ash

Ring-neck Growth, bone ash 0-8

Egg production, shell Sexually
quality, bone ash mature
Egg production, fertility,
Ring-neck hatchability, body
weight

Ring-neck

Sexually
mature

Total phosphorus, %

Ring-neck Growth, bone ash

Ring-neck Growth, bone ash

Ring-neck Growth, bone ash
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Nonphytate phosphorus, %

Ring-neck Growth, bone ash 0-8

Sexually

Ring-neck Egg production bone ash mature

Sodium, %

Ring-neck Growth, liveability

Manganese, mg/kg

Growth, bone

Ring_nse development

Zinc, mg/kg

Growth, feather and
bone development
Growth, feather
development

Vitamin D3, 1U/kg

Ring-neck

Ring—neck

Ring-neck Growth, bone ash

Riboflavin, mg/kg

Growth, feather and

Ring-neck bone development

Pantothenic acid, mg/kg

Growth, feather and
bone development

Ring—neck

Niacin, mg/kg

Growth, bone
development
Growth, feathering and
bone development

Ring—neck

Ring—neck

Choline, mg/kg

Growth, feather and
bone development

Ring-neck




TABLE 11 Documentation of Nutrient Requirements of Japanese Quail
() Glanad) il 40 3ad) clalfia) (3865 11 Jgaad)

Response Criteria

Age Period
(Days)

Nutrient and Estimated
Requirement

Protein, %

Growth, protein retention

0-35

Growth

0-42

Growth, feed efficiency

0-35

Growth

0-28

Egg production, egg
weight, feed efficiency

Sexually
mature

Egg production

Sexually
mature

Egg production

Sexually
mature

Egg production, egg yield,
body weight

Sexually
mature, peak

€9
production

Not specified

Sexually
mature

Egg production

Sexually
mature

Growth, carcass
characteristics

0-28

Arginine, %

Growth

0-10

Egg production, body
weight, egg weight

Sexually

mature

Glycine, %

Growth

0-21

Growth

21-35

Glycine + serine,

Growth

0-10

Histidine, %

Growth

0-10

Egg production, body
weight, egg weight

Sexually
mature

Isoleucine, %

Growth

0-10




Egg production, body Sexually
weight, egg yield mature

Leucine, %

Growth 0-10

Egg production, body Sexually
weight, egg weight mature

Lysine, %

Growth 0-21

Growth 21-35

Growth 0-10

Sexually
mature

Sexually
mature

Egg production

Egg production

Methionine, %

Growth 0-10

Egg production, body Sexually
weight, egg yield mature
Growth, feed efficiency,
feather development, 0-35
carcass yield

Sexually

Egg production e

Egg production, feather Sexually
loss mature

ethionine + cystine, %

Growth 0-21

Growth 21-35

Growth 0-10

Egg production, body Sexually
weight, egg yield mature
Growth, feed efficiency,
feather development, 0-35
carcass yield

Sexually

Egg production T ——

Egg production, feather Sexually
loss mature

Phenylalanine + tyrosine, %

Growth 0-10

Egg production, body Sexually
weight, egg yield mature




Threonine, %

Growth 0-10

Egg production, body Sexually
weight, egg yield mature

Tryptophan, %

Growth 0-10

Egg production, body Sexually
weight, egg yield mature

Valine, %

Growth 0-10

Egg production, body Sexually
weight, egg yield mature

o Age Period Nutrient and Estimated
Response Criteria .
(Days) Requirement

Calcium, %

Egg production, Sexually
hatchability mature
Growth, bone ash, calcium 0-14

and phosphorus retention

Growth, bone ash, calcium
- 14-28

and phosphorus retention

Growth, feed efficiency, 0-35
bone ash, liveability

Growth, bone ash 0-21

Nonphytate phosphorus, %

Egg production, Sexually
hatchability

Growth, bone ash, calcium 0-28
and phosphorus retention

mature

Growth, bone ash 0-21

Sodium chlorine, %

Growth 0-28

Growth, liveability, 8-35
adrenal weight

Magnesium, mg/kg

Growth, liveability, 0-14
hemoglobin, tibia ash a

Growth, liveability 0-14

Iron, mg/kg




Growth, hemoglobin,

feathering, bone ash o=

Copper, mg/kg

Growth, hemoglobin,

feathering, bone ash ES

Manganese, mg/kg

Growth, hemoglobin,

feathering, bone ash Dzt

Zinc, mg/kg

Growth, feathering, tibia

ash, liveability ERE

Selenium, mg/kg

Growth, liveability 0-42

lodine, mg/kg

Growth, thyroid weight 0-28

Vitamin A, 1U/kg

Growth, liveability 7-56

Hatchability Sni);ﬁjlrlg/

Growth 0-14

Growth, liver vitamin A 0-10

Hatchability, liveability, Sexually
vitamin A in yolk mature

Vitamin D, 1U/kg

Bone ash, plasma calcium 0-21

Growth 0-14

Thiamine, mg/kg

Growth 0-14

Growth, liveability 0-35

Niacin, mg/kg

Growth 0-14

Growth, viability 0-35

Pantothenic acid, mg/kg

Growth, feather
development, dermatitis

0-7

81




Growth, feather
development, dermatitis

7-35

Growth, feather
development

0-35

Fertility, hatchability

Sexually
mature

Growth

0-14

Riboflavin, mg/kg

Growth

0-14

Growth, viability

0-35

Choline, mg/kg

Growth, feed efficiency

0-28

2,500

Egg weight

Sexually
mature

2,090

Body weight, liver lipids

Sexually
mature

1,045-2,090

Growth

0-14

1,300

Folacin, mg/kg

Growth, liveability

Not specified

Pyridoxine, mg/

Growth

0-14

Growth, viability

0-35
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Toxic Dietary Concentrations of Inorganic Elements and Compounds for Poultry
Coalgall A gulanl) & LS yall g pualintl Aabuad) Auiliad) <l 38 3 Jgaa

Toxic Effeqts
Aol &l ol

Toxic

Concentration

jppm!a

] 38
ot #32)
j (G5l

Chemical Form

(ansl) Ji)

Species

Element or
Compound

9 aial)
Aty

-

A8 5al

Reduced growth

500

AIClI,

Immature

Chicken

Aluminum

Reduced growth

1,000

Al3(SO4)s

Immature

Chicken

Aluminum

Rickets

2,200

Alz(SO4)s

Immature

Chicken

Aluminum

Reduced egg production

3,000

Al(SOy)s

Mature

Chicken

Aluminum

Reduced body weight;
reduced egg production

100

As,O5

Laying hen

Chicken

Arsenic

Reduced growth

200

BaCO;s, BaCIZ

Immature

Chicken

Barium

Death

2,000

BaCl,

Immature

Chicken

Barium

Reduced growth

5,000

NaBr

Immature

Chicken

Bromine

Reduced growth

25

CdSO,-H;0

Immature

Chicken

Cadmium

Reduced growth

40

CdSO,

Immature

Chicken

Cadmium

Reduced growth

20

CdCl,

Immature

Turkey

Cadmium

Decreased egg
production

12

CdSO,

Adult

Chicken

Cadmium

Reduced growth

Arginine-HCL,
NaCl and KCI

Immature

Chicken

Chlorine

Reduced growth

K,CrO,

Immature

Chicken

Chromium

Reduced growth

Cry(SOy)s

Immature

Chicken

Chromium

Egg quality

CrC|3'6Hzo

Adult

Chicken

Chromium

Reduced growth

COC|2'6H20

Immature

Chicken

Cobalt

Reduced growth

CoCl,

Immature

Chicken

Cobalt

Reduced growth;
mortality

CuO

Immature

Chicken

Copper

Exudative diathesis;
muscular dystrophy

CuS0O,-5H,0

Immature

Chicken

Copper

Reduced growth; gizzard
erosion

CUSO4'5H20

Immature

Chicken

Copper
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Reduced growth; gizzard
erosion

250

CuS0,-5H,0

Immature

Chicken

Reduced growth

676
(practical
diet)

CuS0O,-5H,0

Immature

Turkey

Reduced growth

800 (purified
diet)

CuS0O,-5H,0

Immature

Turkey

Reduced growth

50 (purified
diet)

800
(practical
diet not
toxic)

Immature

Reduced growth

1,000

Immature

Chicken

Fluorine

Reduced growth

500 (similar
level of F as
CaF not
toxic)

Immature

Chicken

Fluorine

Reduced growth

500

Immature

Chicken

Fluorine

Reduced growth

750

Immature

Chicken

Fluorine

Reproductive
characteristics

1,300

Adult

Chicken

Fluorine

Reduced egg production,
egg size, and hatchability

Laying hen

Chicken

lodine

Rickets

Fex(SO4)3

Immature

Chicken

lron

Reduced growth

Pb acetate

Immature

Chicken

Lead

Lethargy, 50% mortality

Pb acetate

Immature

Chicken

Lead

Reduced egg production

Pb acetate

Mature

Chicken

Lead

Reduced egg production

Pb acetate

Mature

Japanese
quail

Lead

Growth, skeletal
development

MgO

Immature

Chicken

Magnesium

Reduced growth

MgC03

Immature

Chicken

Magnesium

Reduced growth;
mortality

MgC03

Immature

Chicken

Magnesium

Reduced egg production

MgSO,

Adult

Chicken

Magnesium

Reduced egg production

MgC03

Adult

Chicken

Magnesium

Reduced growth

MnCl,-4H,0

Immature

Chicken

Manganese

Reduced growth

MnSO,-H,0

Immature

Turkey

Manganese




Reduced growth

HgSO,, HgCl,

Immature

Chicken

Mercury

Reduced growth;
mortality

HgCIZ

Immature

Chicken

Mercury

Reduced growth;
mortality

CH3Hg
dicyanamide

Immature

Chicken

Mercury

50% mortality

CH;HgCl

Immature

Chicken

Mercury

Reduced growth;
mortality

Na,MoO,

Immature

Chicken

Molybdenum

Reduced growth

NazMOO4'2H20

Immature

Chicken

Molybdenum

Reduced egg production
and hatchability

Na,Mo0O,-2H,0

Laying hen

Chicken

Molybdenum

Reduced growth

NaMOO4

Immature

Turkey

Molybdenum

Reduced growth

NiSO, or Ni
acetate

Immature

Chicken

Nickel

gasalll Jiui

Toxic Effects

Toxic

Concentration

jppm)a

Chemical Form

Age

Species

Element or
Compound

Reduced growth

400

NiCl

Immature

Chicken

Nickel

Reduced growth;
mortality

900b

NaNO:;

Immature

Turkey

Nitrate

No effect on meat color

450(N)b

NaN03

Immature

Turkey

Nitrate

Decreased vitamin A in
liver and thyroid
enlargement

658(N)

KNO,

Immature

Chicken

Nitrite

Reduced growth

10

Na,SeO; + Se in
wheat

Immature

Chicken

Selenium

Reduced growth

10

Na,SeO,

Immature

Chicken

Selenium

Reduced growth

20 (+1,000
Ca)

Na,SeO,

Immature

Chicken

Selenium

Reduced hatchability

10

Se in wheat

Laying hen

Chicken

Selenium

Decreased hatchability

Na,SeO,

Adult

Chicken

Selenium

Reduced growth

AgSO,

Immature

Chicken

Silver

Exudative diathesis
(prevented by Se or
vitamin E)

AgNO;

Immature

Chicken

Silver

Anemia, enlarged hearts

AgNO;

Immature

Chicken
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Anemia, enlarged hearts,

and muscular dystrophy
prevented by Cu + Se)

Ag acetate or
nitrate

Immature

Silver

Reduced growth

Na glutamate

Immature

Chicken

Sodium

Reduced egg production

Na,SO,

Laying hen

Chicken

Sodium

Reduced growth;
mortality

NaCl

Immature

Chicken

Sodium
chloride

Reduced egg production

NaCl

Laying hen

Chicken

Sodium
chloride

Reduced egg production

NaCl

Adult

Chicken

Sodium
chloride

Reduced body weight;
mortality

NaCl

Immature

Turkey

Sodium
chloride

Lung congestion;
enlarged Kidneys;
mortality

Immature

Turkey

Sodium
chloride

Reduced body weight

NaCl

Immature

Duck

Sodium
chloride

Reduced growth

NaCl

Mature

Turkey

Sodium
chloride

Reduced growth;
pendulous crop

NaCl

Immature

Turkey

Sodium
chloride

Reduced growth

SrCO;

Immature

Chicken

Strontium

Reduced growth

K3SO4, Na,SOy,
CaS0O,

Immature

Chicken

Sulfate

Reduced egg production

Na,SO,

Laying hen

Chicken

Sulfate

Reduced growth

Sodium
tungstate

Immature

Chicken

Tungsten

Reduced growth

NH,VO;

Immature

Chicken

Vanadium

Reduced growth

Cas(VOy),

Immature

Chicken

Vanadium

Mortality

Cas(VOy),

Immature

Chicken

Vanadium

Reduced growth;
mortality

NH,VO; or
VOSO,

Immature

Chicken

Vanadium

Reduced growth

NaV03

Immature

Chicken

Vanadium

Reduced growth

NH;VO;

Immature

Chicken

Vanadium

Depressed albumin
quality

V in dicalcium
phosphate

Laying hen

Chicken

Vanadium

Depressed albumin
quality

NH,VO;

Laying hen

Chicken

Vanadium
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Depressed albumin
quality; reduced body Laying hen Chicken Vanadium
weight

Depressed egg

production NH,VO3 Laying hen Chicken Vanadium

Depressed hatchability NH;VO; Laying hen Chicken Vanadium

Reduced growth ZnSQO,, ZnCO4 Immature Chicken Zinc

Reduced growth ZnO Immature Chicken Zinc

Reduced growth; bone
ash (sucrose-fish meal Immature Chicken
diet)

Exudative diathesis;

Immature Chicken
muscular dystrophy

Reduced growth (0.5

ppm Se in diet) 3,000 ZnS0O, Immature Chicken

Reduced growth 4,000 ZnO Immature Turkey

& Dietary concentrations of the elements unless specified otherwise.

® In water.

¢ Diet low in CI ion.
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