


Atomic number
Atomic weight
Melting point
Boiling point

15
30.98
44 .2
280
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Figure 1 . Model of phaosphate Lraansport.
Phosphate (P) is transported uphill across the
brush border of the intestinal cell by a Na*-
dependent process. P, moves through rthe cell
without entering the cytoplasmic P, poaol, and
diffuses from cell o lamina Propria,.  pos-
sibly by facilitative (mediated) diffusion. The
low intracellular Na® concentration is main-
tained by Na K extrusion pump on the basal-
lateral membrane.
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Figure 2. Phytic Acid

45 0
O\FL/
S S
o N
S
Ch& X _,.C
| ik
o
4 e WS
O\p’"o | 0\ /d(\
07| ? r\o
O P _ (@
- o ST
O 1o

Phytate, at pH 7.4 complexes with metals in the following decreasing order:
Cut+ > Zn++ > Cot+ > Mnt++ > Fe+t+ > Cat++. The phytate content of some of
the common feed ineredients is shown in Tahle 1.
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Partition of Phosphorus in Feed Ingredients

Phosphorus, %

Non-phyvtate
=

Non- £

Ingredient Total Phytate phytate Total P
Grains

Corn .26 .17 0.09 34
Barley 0.34 0.19 0.15 44
Milo 051 B 23 o.10 32
Oats, whole 0.34 Q.19 .15 G4
Oats, hulled 0.45 0. 355 0.10 22
Wheat 0.30 Q.20 0.10 33
Grain by-products

Corn gluten meal  60% protein 0.58 0.36 0.22 38
Corn meal, degermed ' 0.10 0.7 0.03 30
Corn distillers dried grain :

with solubles a. 77 Q.33 D.44 57
Corn distillers dried solubles 1.43 0.10 .33 a3
Corn fermentation solubles 1.10 0. 65 0.45 41
Rice bran 167 i1i.44 0.23 41
Rice polishings 2F2 2.42 0. 30 14
Wheat bran .57 0.96 0.41 11
Wheat standard middlings 0.50 0D.35 0.15 30

Protein supplements
Cottonseed meal ,50% protein 1.30 0D.92 0.38 29
Cottonseed meal, solwvent,

40% protein 1-07 0. 75 0.32 30
Isclated soybean protein 0. 80 0.48 0.32 40
Soybean meal ,50% protein o.61 0.37 0.24 39
Soyvbean meal _ 44% protein 0. 66 0.38 0.28 42

Other
Alfalfa meal,17% protein Q.23 <0.01 8.23 100

Adapted from Nelson et al. 1968.



Phytase Activity of Certain Cereals and Seeds

Phytic P split in 2 hr. by
natural present phytase

Ingredient %

Wheat 100
Wheat bran 100
Rye 100
Barley : 69-94
Maize 0-4
Oats ; 8
Soya-bean meal 0

Adapted from Mollgaard, 1946.
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A. Total plasma P 1Z.09
1. Acid insoluble organic (phospholipids) 8.06
2. Acid soluple 4,03 -
a. Organic ester .31
b. Inorganic 3.72
(1) Pyrophosphate .009
(2) Orthophosphate 3.71
(a) protein bound .37

(b) complexed 21
CatPOy i 4
MgHPO,, .09

(c¢) free 3.13
HoPOg4~ .62

H PO, 2.51
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- Figure 4. Mechanism of adaptation to altcrarions
n dietary phosphorus (P). (OH), = Dihydroxyvitamin.
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Capturing energy from our food is done by
forming high-energy P bonds.

ATE ADP, AND HIGH-ENERGY
PHOSPHATE BONDS

: SyntheSis Of p rﬂteins ATP: adenosine triphoasphate
and other
- Adenasing — Qroup
compounds in the 0o ®

2 high-enengy

body require energy ponds
obtained from food. e

phosphate
bond releases

Much of this energy creray

ADP: adenosine diphosphate

is captured as ATP. Ereroy
Adenosing —. ‘ @

1 high-energy
bond

NZME - “Feed Management Education for the Agricultural Professional”
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P Deficiency

 Joint surface of a
P-deficient cow.

* Note the severe
erosion of the
surface.




Pica in Phosphorus Deficient Cow

Pica is an appetite

for objects not fit as
food.

Cattle develop an
appetite for bones,
_| which often contain
Clostridium botulism.
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Comparative Ratings of Phosphate Supplements
and Other Feedstuffs

Compound | Biological Value
Reference Standard: _
Beta-tricalcium phosphate 100
Reagent Grade Chemicals: :
Monocalcium phosphate 120 - 135
Mono~disodium phosphates 115 - 125
Phosphoric acid 115 - 125
Dicalecium phosphate 95 - 100
Phytate phosphorus . 2 - 10
Feed Grade Phosphates:
Phosphoric acid 115 - 125
Mono-diammonium phosphates : 115 - 125
Dicalcium-monocalcium phosphates 185 = 115
Defluorinated phosphate ' 95 - 100
Sodium tripolyphosphate 95 - 102
Bone meal 90 - 100
Low fluorine rock phosphate 55 - 75
Soft rock phosphate 25 - 35
Feedstuffs: '
Fishmeal . 100
Meat and bone scraps ) 100
Poultry by-product meal - 100
Dehy alfalfa meal ' 80
Corn gluten meal . ‘ 35
Yellow corn : 30

Soybean o0il meal 25



Table 7. Bioavailability of Phosphorus in
Feedstuffs for Chicks!

Phosphorus
Bioavailability
Ingredient %
CornZ»3,-4 21
Grain sorghum?»3 31
Oats? 36
Wheat2s»3s4 45
Barlewy™ 5 43
Wheat bran® 23
Rice bran® 18
Cottonseed meal? 42
Soybean mealZ»3 34
Sunflower seed?” 22
Single cell protein?® 70
Alfalfa leaf proteinZ 77
Meatr and bone meal? 99

lpased on slope-ratio analysis of bone strength
or bone ash. Monosodium phosphate or monopo-—
tassium phosphate was the standard and was
considered 100% awvailable.

%Huang and Allee, 1981.
gTrotter and Allee, 1979b.
“Hays et al., 1979.
“Harrold et al., 1979.
6Corley et al., 1979.
Harrold, 1981.

8Burns and Baker, 1976.



Table 6. Biocoavailability of Phosphorus in
Feedstuffs for Swine—Uniwversity
of Kentucky!

Phosphorus
- Biocoavailability
Ingredient ¥
Corn<»3-8 12
Corn, pelleted® 122
Corn, high—-moisture?® 5%
Oats> 23
Barley3 31
Wheatc<» 5 48
Wheat bran® 35
Wheat middlingsS 34
Rice bran? 25
Soybean meal, dehulledZ2>7:8 25
Sovbean meal, regular/»>8 39
Cottonseed meal®™ (e
Peanut meal® 12
Fish meal® 102
Alfalfa meall? 100

lBased on slope—ratio of bone breaking strength.

Monosodium phosphate was the standard and was
considered 100X available.

Z2Miracle et al. C1977)
3Srober et al. (1979)
“Srober et al. (1980a)
Sstober er al. (1980b)
SRussell et al. (1980)
TRoss et al. (1982)
BRross et al. (1983)
‘Hew et al. (1982)
10cromwell et al. (1983)
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CALCIUM AND PHOSPHORUS REQUIREMENTS AND RECOMMENDATIONS
FOR MAN AND OTHER AMIMALS

Man (NMRC. 1989)

Ca P
Age (yrs) mg/day mg/day
Infantcs 0-0.5 400 300
Q.5-1.0 600 500
Children s | 800 800
&6 800 BOO
7—10 800 BoO
Males 1114 1200 1200
i5-18 1200 1200
ig_24 1200 1200
25-50 800 800
51- BOO 800
Females 11-14 1200 1200
15—-18 1200 1200
1924 1200 1200
25=30 B00 800
51~ 800 800
Pregnant 1200 1200
Lacracting - 1scr 6 months 1200 1200
— Z2Znd & montchs 1200 1200
Dairy Cactle (MRC, 1988) Ca B
% of diec 7~ of diet
Calf milk replacer ] - 20
Calf starter—concencratce - 60 -2
Growing cacclae -29-—-.52 -23—.31
Marure bulls i 3 -2
Dry cows R T ) -26
Laccacing cows
Milk T7—-13 kg P .28
12-27 kg -51 At
20-%0 kg « 58 S T
26-53 kg -6 - 41
33-67 kg -66 Y |
Early Lact. - B0 T
Hoersas (MNERC., 1973 )
Mares — gestcating ~33—-_03% 22— X9
Mares — lactacing AT— 61 -36—.4G1
Macure — working 19 =26 L1&4— .19
Mature — idle - e eB— .35 20— .25
Crowing
200—-400 kg (mature wrc.) -.29-.7H -
SO0—-AO0 O

g (macurve wt.) 34—-1.01

(19 I 5=



Sheep (NRC, 1985) §

Ewes — Maintenance - 20
— Flushing s
— Gestation - 25—.40
— Lactation .32—-.39
Ewe Lambs — Gestation .35-.48
— Lactation -30—-.37
Growth — Lambs +30—.53
Finishing — Lambs .35-.51
Beef Cattle (NRC, 1984) Ca
% of diet
Growing — Finishing Steer Calves -19-1.16
Medium — Frame
300 1b. @:5 1b. gain «31
300 1b. 1.0 1b. gain -45
300 1b. 2.0 1b. gain -T2
300 1b. 3.0 1b. gain 113
1,000 1b. 0.5 1b. gain -21
1,000 1b. 3.0 1b. gain = s
Large — Frame
300 1lb. 0.5 1b. gain « 30
300 1b. 2.0 1b. gain - 70
300 1b. 3.5 1b. gain 1.16
Bulls «21-1.53
Medium — Frame
300 1b. 0.5 gain o bt
300 1b. 2.0 gain -76
300 1lb. 3.5 gain 1.24
Heifers
Medium — Frame - 20-.74
Large — Fram< -19-.86
Pregnant Yearling Heifers -19-.29
Dry Pregnant Mature Cows ~17—.27
Two—year 0ld Heifers Nursing Calwves -31-.36
Cows
Average Milking Ability -27-.30
Superior Milking Ability «F35-.48
Bull
Maintenance « 20—-.26

- 20
-18
e B —o Al
e 26 —. 29
- P
22— 26
- VH=_22
<A D
P
% of diet
B e
20
LG
e,
SRR
-18
T2
.19
<30
<45
19— .59
« 20
<36
.48
.18=.33
«18—-.35
P Iy T b
A TF—a24
«23—.24
22
«26—.31

-19_1 22



Calcium and phosphorus requirements

Poultry (1984 NRGC)

Ca % of diet

P (available % of diet)

Chickens
Growing 0 - 6 wks .80 .40
Growing 6 — 14 wks .70 «35
Growing 14 - 20 wks .60 .30
Laying 3.40 .32
Breeding 3.40 R
Turkeys
Growing O - & wks 1.2 .60
Growing & - 8 wks 1.0 .50
Growing 8 - 12 wks .85 .42
Growing 12 - 16 wks .75 .38
Growing 16 - 20 wks .65 .32
Holding .50 2D
Breeding o 43 .35
Ca P Available P
Swine (NRC, 1988) % of diet % of diet % of diet
Growing - Finishing
1-5 kg .90 < ]
5-10 kg .80 .65 .40
10-20 kg .70 .60 32
20-50 kg .60 .50 .23
50-110 kg -50 .40 »15
Boars, bred gilts & sows s il ]
Lactating gilts & sows .75 .60 .35
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Nutritional secondary hyperparathyroidism
Osteomalacia (audlt ricket)
Osteoperosis
Big head disease
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Slop-Ratio
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Bone Breaking Strength

Added phosphorus, %
b
Relative Bioavailability =7 =100
2

Figure 1. Slope-ratio procedure for determining the bicavailability
of phosphorus in feedstuffs.



