MINERAL AND VITAMIN REQUIREMENT

GUIDELINE

Training & information Content MINERALS

3.1 Estimating feeding value of fodder & feed on dairy farms

3.2 Sampling feeds & forages/analysis interpretation

3.3 Estimating Dry Matter intake for various breeds/age categories of dairy cattle in the :
tropics - J

3.4 Reviewing feed intake, rumen fill, Body Condition Scoring (BCS) Calcium

3.5 Life weight estimation of cows

3.6 Rumen fermentation

3.7 Mineral & vitamin requirement, guidelines

3.8 Manure scoring and evaluation

3.9 Guidelines for ration calculations for various breeds, heifers, lactation stage (Rumen8)
3.10 Use of Rumen8 software for ration calculation

3.11 Optimization of ration with Rumen8

3.12 Feeding management guidelines

3.13 Feeding management of dry cows/close-up

3.14 Feeding systems
3.15 Metabolic disorders

3.16 Scoring locomotion and hoof condition
3.17 Mycotoxin in dairy cattle nutrition
3.18 Heat stress in dairy cattle nutrition z

3.19 Monitoring feeding management, using KPIs (based on Rumen8)



1. You will learn about (learning
objectives):

O Types of minerals and vitamins. e
Vitamins

Minerals

L Functions of minerals and vitamins in a
dairy cow.

O Mineral and vitamin requirements by
dairy cattle.




2. Introduction

* Minerals: are inorganic elements needed in the
cow’s body to support some functions.

e Vitamins: are organic compounds needed in small
guantities to maintain life and body functions.

* Animals get minerals and vitamins through
feeding.

* Minerals are found in forages and feeds although
its contents vary between species and is
influenced by environmental factors.

* Mineral are divided into two categories;
i.  Macro minerals,
ii. Micro minerals.




3. Macro minerals

* These are minerals that are needed by cows in bigger/larger quantities as compared to microminerals.

* Macro minerals are expressed and measured as a percentage of dry matter intake (DMI).

* They are fed at the rate of grams per animal per day and calculated based on the density in the feed
ingredients together with the mineral content in the mineral mix used.

 Examples of these minerals are;

- Calcium (Ca), phosphorus (P), magnesium (Mg), potassium (K), Sulphur (S), sodium (Na) and chlorine
(Cl).

Calcium Magnesium Potassium Sulphur

Chloride Phosphorous Sodium



5. Mineral bioavailability

e This refers to total amount of minerals that can be
utilized for normal body function at dietary and
tissue level.

* Minerals should be available in ionic form (cations
and anions) to make them suitable for transport
and uptake. This facilitates absorption within the
gastrointestinal tract by enterocytes.

* Bioavailability of one mineral influences
concentration of other minerals in the diet,
creating antagonisms or synergisms.

Synergism
» Refers to cooperation of two/more agents causing
greater effect when combined/used together.

Antagonism

i

Decreased availability

Calcium (Ca)

Mulder's Chart

Nitrogen (N)

Synergism

availability




5.1 Mineral bioavailability cont’d...

Antagonism

Mineral concentrations have to be balanced to
avoid two or more minerals from being
opponents of each other.

Some minerals can be bond to other minerals
leading to insoluble complexes that make them
unavailable.

This can also be caused by competition for
absorption in a site, reducing availability.
These cause an antagonistic effect mostly in the
rumen.

Example: High levels of molybdenum interferes
with copper absorption.

Antagonism Mulder's Chart

Synergism

e B R WX U (T
ncreasea avatiaoility

Decreased availability Calcium (Ca)

Zinc (Zn) Nitrogen (N)




6. Factors to consider when
formulating mineral mixture

It is important for farmers to identify mineral
sources.

Identify also, the possible deficiencies in a farm
through mineral analysis. This can be done
through forage and feed mineral analysis.
Analysis reports of the above guide farmers to
take corrective steps when supplementing cattle
with minerals.




7. Mineral analysis

* Analysis helps correct feeds and forage that are insufficient or excessive amounts of certain minerals.

* Mineral content of forages is influenced by availability of nutrients in the soil (soil fertility).

* Mineral challenges are area specific depending on the type of soil.

* Because of the type of soil some farms may need specific supplementation of certain minerals while
other farms may have sufficient minerals in the forage-based rations.




4. Micro minerals

* These are minerals needed in smaller

guantities. G
* They are added to cows ration as premixes. Manganese Zinc
e They are fed at the rate of milligrams (mg)
per kilogram (kg) per day. onon “9""9" J
* Micro minerals are expressed and measured
as parts per million (ppm). To convert ppm or 1 1
mg/kg to grams one can divide by 1,000 for Molybdenum , Selenium

easy ration balancing. \

* Examples of these trace minerals are;

- Cobalt (Co), copper (Cu), iron (Fe), EOuM lodine
iodine (1), manganese (Mn), Fluorine  |ECHOMium
molybdenum (Mo), selenium (Se), zinc \/

(Zn), nickel (Ni) and chromium (Cr).



8. Factors affecting forage mineral
availability

Minerals can be taken in by cows through feeds
and forages or mineral supplementation.
Forages vary in mineral content from one region
to another due to differences in physical and
chemical properties of the soil.
Some of factors that influence the mineral content
of forages are:

- Type of soil

- Soil fertility and fertilization

- Climate

- Plant species

- Stage of maturity

Mineral Cycle
Nutrients are A 0060
replenished in the soil Mineral 00
by mineral fertilizers et ;
fertilizers

and organic manures

Harvest<®

Export nutrients
with the harvest

_—

orga’“c Crop residues
substances are decomposed
humus to minerals e @ °

.*.*.: 1+ Mineralisation *, " -,




9. Macro minerals: Calcium (Ca)

* Majority of calcium in the cow’s body is found in
animals bones and teeth.

* During dietary deficiencies, bones can supply
calcium in the short-term.

* Forages also contain calcium (legumes contain
more Ca than grasses).

Functions of Calcium

- Important for bone & teeth formation,
development and maintenance.

- Needed for milk production (component of
milk).

- Important for blood clotting.

- Supports muscle contraction.

- Aids in nerve impulse transmission.

Processes

Transverse




9.1 Calcium (Ca) Cont’d...

Signs of Calcium deficiency

It causes:

* Rickets in young stock due to poor bone growth.

e Retarded growth and development.

* Weak and brittle bones (Osteomalacia).

* Milk fever in dairy cows after calving (clinical
deficiency).

Impact of high Calcium levels
e High calcium levels reduces absorption of zinc
and phosphorus.

Supplemental sources of Ca

- Limestone(Calcium carbonate) dicalcium phosphate, calcium sulphate, bone meal and oyster shells.




10. Phosphorus (P)

* Majority of phosphorus can be found in bones
and teeth.

* Concentrates are higher in phosphorus than
forages.

* Forage phosphorous levels are lower in mature
forages and during dry spells.

* Animals fed on high forage rations should
therefore be supplemented with P.

Functions of Phosphorus

- Phosphorus is required for skeleton
development and maintenance.

- Used to make energy.

- Aids in muscle tissue building.

- Important for cell growth and differentiation.

- Needed for fiber digestion by microbes in the
rumen.

- Components of milk.




10.1 Phosphorus (P) Cont’d...

Signs of Phosphorus deficiency

It causes:

* Decreased appetite (DMI) and growth.

* Reduced milk production.

* Cows eating soil, rocks, wooden post or bones (pica).

* Rickets due to weak and fragile bones (clinical deficiency).

Com rhe

Impact of high Phosphorus levels

e Excess phosphorus is secreted mostly through feces into the
environment.

* Phosphorus has environmental impact and secretion should be
managed to reduce runoff of excreted phosphorus to surface water.

* High phosphorus levels in cows body results to urinary calculi.

Supplemental sources of P

- Dicalcium phosphate and monocalcium phosphate.




11. Calcium (Ca) and Phosphorus (P)
proportion

e Calcium and phosphorus are one of the major
minerals and should be balanced for best
utilization by cow.

* Interactions between calcium and phosphorus
affects required level of each other in rations.

* High levels of phosphorus and low levels of
vitamin D may lead to deficiency of calcium.

* One and a half part calcium to one part
phosphorus (1.5:1) is recommended.

* Animbalance of the calcium and phosphorus
ration can impact fertility.




12. Magnesium (Mg)

Three quarter of magnesium is found in bones of

COWS.

Mg is found in feeds, with plant protein sources

having higher Mg content.

Mg levels in diet should not exceed 0.4%.

Functions of Magnesium

Important in nerve functions.

Is a component of several enzymes involved
in metabolism.

Needed for muscle contraction.

Aids in controlling blood levels.




12.1 Magnesium (Mg) Cont’d...

Signs of Magnesium deficiency

It causes:
convulsions.
* Frothing at the mouth.
* Muscle tremors (grass tetany) - See module
metabolic disorders.
* Increased blood flow.

Supplemental sources of Mg

- Magnesium oxide and magnesium sulphate.




13. Potassium (K)

e Potassium is the third most abundant mineral in a
cow’s body.

* Forages are a good source of potassium especially
well growing green pastures.

* Potassium should not exceed 3% in the diet.

Functions of Potassium
- Important in nerve transmission.
- Aids in the balance of acid and base.
- Important in controlling osmotic pressure.
- For milk production.
- For muscle contraction.
- Aids transport function of oxygen and carbon
dioxide.
- Body water balance.




13.1 Potassium (K) Cont’d...

Signs of Potassium deficiency
It causes:

* Reduced feed and water intake.
e Low milk production.

* Reduced weight gain.

* Rough haircoat.

* Muscle weakness.

Impact of high Potassium levels
e Leads to decline in magnesium utilization.
e (Can lead to low calcium level in blood as a result

Source:
INCrease r|Sk Of mllk fever. https://www.google.com/search?q=potassium+deficiency+in+cattle&rlz=1C5CHFA_enKE951KE951&s

xsrf=APqg-
WBunNhtxda4Z00OMueQwI2mYVtVRIPA:1648058511163&source=Inms&tbm=isch&sa=X&ved=2ahUK
Ewilx4Gx6Nz2AhWDhvOHHZk8AqkQ AUoAXoECAEQAwW

Supplemental sources of K

- Potassium bicarbonate, potassium chloride, potassium sulphate and potassium carbonate.



https://www.google.com/search?q=potassium+deficiency+in+cattle&rlz=1C5CHFA_enKE951KE951&sxsrf=APq-WBunNhtxda4Z0OMueQwl2mYVtVR9PA:1648058511163&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi1x4Gx6Nz2AhWDhv0HHZk8AqkQ_AUoAXoECAEQAw

14. Sodium (Na) and Chlorine (Cl)

e Salt concentration should be balanced to avoid
excessive or under consumption of salt in animal
diets.

e Cattle consume 0.005-0.010 % of their body
weight as salt daily.

Functions of Sodium and Chlorine

Important for bone and teeth formation.
Important for blood clotting.

Maintains osmotic pressure.

Regulates water balance (Na & Cl).
Supports muscle contraction.

Aids operation of some enzyme systems (Na).

Used to produce hydrochloric acid in
abomasum (Cl).
Aids respiratory gas exchange (Cl).

Source:
https://www.google.com/url?sa=i&url=https%3A%2
F%2Fzychemical.en.made-in-
china.com%2Fproduct%2FgKwmLflrsQpS%2FChina-
Mineral-Salt-Block-for-Cattle-and-Sheep-
Lick.htmI&psig=AOvVaw2UPyFgxyW8pWIndVMFDa
21&ust=1648145342297000&source=images&cd=vf
e&ved=0CAsQjRxqFwWoTCNCf1ITq3PYCFQAAAAAJAA
AAABAD



14.1 Sodium (Na) and Chlorine (Cl)
Cont’d...

Sodium deficiency is common and not chlorine.
Sodium deficiency may lead to;

- Decreased appetite.

- Abnormal eating habits.

- Low dry matter intake (DMI).

- Cows licking soil and wood (pica).

ﬁupplemental sources of Na

Sodium chloride (common salt), sodium bicarbonate (optimize chlorine levels), sodium sulphate and
sodium containing phosphates.

Supplemental sources of Cl

k Sodium chloride (common salt), potassium chloride.

~




15. Sulphur (S)

e Sulphuris a building block for various amino acids and
vitamin B (thiamin & biotin) and assists in acid-base balance.

e Sulphur in feedstuff is largely found as a component of
protein.

* Low Sulphur levels can reduce copper levels.

* For optimal microbial synthesis nitrogen, Sulphur ratio
should be 10 parts nitrogen and 1 part Sulphur.

e Sulphur in diets should not exceed 0.4%.

Signs of high Sulphur levels/Sulphur toxicity
e Diarrhea in cows.

* Restlessness and difficulty in breathing.

e Muscle twitching.

Supplemental sources of S

- Sodium sulphate, calcium sulphate, ammonium sulphate and other elements containing sulphur.




16. Bioavailability of micro minerals

Micro minerals can either be:
- Organic trace minerals,
- Inorganic trace minerals, or
- Hydroxy trace minerals.

* Organic minerals —are minerals bound to organic
molecules i.e. amino acids and polysaccharides.

e They have the greatest bioavailability and are
more expensive.

* Inorganic minerals have a relative bioavailability
and are less expensive compared to organic &
hydroxy trace minerals.

* Inorganic trace minerals come in the form of;

sulphates, chlorides, oxides and carbonates.

Mineral Bioavailability

120%
100%
BO%
B0
A0
0%
(%

Bioavailability

hinerals
available

8%
[

Inarganic
Mirerals

5%-8%
8-10

a0%

Chelated
Minerals

40%
8-10

100%

Organic
Minerals

up to 100%
71+




17. Hydroxy micro minerals

e Hydroxy micro minerals have a crystalline Smart Release Crysta|s -
structure with tight covalent bond to multiple Support Rumen / Abomasum By-Pass

hydroxyl group.

* The crystalline structure protect the metal ions.

* This bonds allow trace minerals to by-pass rumen
digestion, increasing bio-availability.

* These minerals can be included in high stress ”2°\(5:u/°"2
situations due to their high bioavailability and H20 OH,
. Inorganic trace mineral
medium cost. IntelliBond C ci
- \ ) Defined Crystal Matrix Stretched Covalent Bond
‘/ ~v
HO OH HO OH
N o N o
Cu C
> HO” | $OH i
At a pH ‘k Covalent Bond
of <3.5

(o] Soluble form cl




18. Micro minerals: Zinc (Zn) and Iron (Fe)

Zinc (Zn)

* Plant proteins have higher Zn than cereal grains.

e Znis a component of key enzymes used to activate
other enzymes.

e Zinc plays a role in development and functioning of
immune system.

* In diets Zn should not exceed 0.5 grams (500 ppm).

®®

Iron (Fe)

: : @ Melypienum
* Isacomponent of hemoglobin and myoglobin (oxygen P——
transfer). @ Im

;
’

* Fe aids electron transfer chain in the body.

* Fe contributes to copper deficiency.

e Lack of iron causes anemic conditions, pale mucous
membrane, reduced feed intake and abnormal raised
tissue structure of the tongue.

* Feinthe diet should not exceed 1 grams (1,000 ppm).

|

Essential Minerals for Enzyme System




19. Cobalt (Co) and Manganese (Mn)

Cobalt (Co)

Is the building block for Vitamin B12 (cobalamin).
Rumen microbes use vitamin B12 to produce
propionate which is a volatile fatty acid used to give
energy to cows.

Young stock are more sensitive to Co deficiency than
mature stock.

Legumes are higher in Co than grass.

Cobalt should not exceed 0.01 grams (10 ppm) in the
diet.

Manganese (Mn)

Important for bone growth and formation.
Maintains fertility in female cattle.

Aids metabolism functions.

Mn levels should not exceed 1 gram (1,000 ppm) in
the diet.

Yoy 2t *""W?"t' ’&Nou.

"’("t"r‘;--?, g

Cobalt
Manganese



20. Copper (Cu) and lodine (l)

Copper (Cu)

Cu is more available in concentrates than in forages.
Cu aids in iron absorption and metabolism.

Aids many enzyme systems i.e. hemoglobin formation.
Important in immune functions (connective tissue
formation).

Cu should range between 0.04-0.1 grams (40-100
ppm), should not exceed 0.1 grams (100 ppm) in the
diet.

lodine (1)

Important component of the thyroid hormones for
energy metabolism regulation in the body.

Lack of iodine reduces immunity and calves born may
be blind. It also causes enlarged thyroid gland (goiter).
lodine levels should not exceed 0.5 grams (50 ppm) in
the diet.




21. Molybdenum (Mo)

* Mo is a component of some enzymes.

* Excess Mo causes decreased weight of heifer at
puberty.

* Excess Mo affects conception rates.

Mutual antagonism

* Copper & sulphur work against Mo in the body. e

e Copper can reduce molybdenum toxicity while rineral borption &metaboli
molybdenum contributes to copper deficiency. competefor I Competitionof

* Maintaining Cu and Mo helps reduce this. abs.{;e:;si:m o __ o proten 7

* Maintaining a Cu:Mo ratio of between 2:1 to 4:1 | g poered
is recommended. Ca“.fg,f_f..‘&’;?'éf v miﬁ‘ﬁfl,le.lei,“me

* Mo should not exceed 0.005 grams (5 ppm) in the R - :}E’%:‘i

ahsorption of Cu,

diet. Zn




22. Selenium (Se)

* |s an antioxidant and component of some
enzymes.

* Se is needed for pancreas functions.

e Functions of Vitamin E and selenium are
interrelated.

* Lack of selenium affects immune system response
of calves.

* |t also lead to white muscle disease.

* Se should not exceed 0.002 grams (2 ppm) in the
diet.

\.;v' : A -
) g oy oL
’

PRI e midi,)
~

Selenium

AT




23. Nickel (Ni) and Chromium (Cr)

Nickel (Ni)

* Niisacomponent of some enzymes (urease
enzyme- responsible for urea breakdown).

* Nishould not exceed 0.05 grams (50 ppm) in the
diet.

Chromium (Cr)

e Chromium assists in glucose clearance.

e Chromium supplementation improves immune
response of stressed animals.

e Crshould not exceed 1 gram (1,000 ppm) in the
diet.




24. Guidelines for feeding macro minerals

Lactating cows Dry cows Growing calves | Maximum

tolerable level

Calcium, % 0.31 0.18 0.58 -
Magnesium, % 0.10 0.12 0.20 0.40
Phosphorus, % 0.21 0.16 0.26 -
Potassium, % 0.60 0.60 0.70 3.0
Sodium, % 0.07 0.07 0.10 -
Sulphur, % 0.15 0.15 0.15 0.40

NRC, 1996. Adapted from NRC. Nutrient Requirements of Beef Cattle, Sixth Edition



25. Factors affecting mineral intake

* Mineral availability and content.

e Palatability and form of the mineral product.

* Mineral feeder location. Place mineral blocks or
mineral lick near watering points to increase
consumption.

* Deficiency of other nutrients in the diet (protein
and energy).

* Forage quality and other feed supplements.

e Concentration of other minerals i.e. phosphorus
in high levels can affect ability of using other
minerals like Ca, Mg, Fe and Zn.




26. Vitamins

* Vitamins are important for normal functioning of the cow’s body.

* Different types of minerals works towards sustaining various operations of the body.
* Colostrum contains vitamins and is a source of vitamins to newborn calves.

* Most vitamins are bound to specific proteins.

* Young calves obtain soluble-vitamins directly added to their diets.

Colostrum is a
source of vitamins
to newborn calves



27. Types of Vitamins

e There are various classes of vitamins namely;
i.  Water-soluble vitamins,
ii. Fat-soluble vitamins.
e Vitamins are mostly stored in the liver with fat
soluble vitamins stored in cow’s body fat.

Types of water Types of fat soluble
soluble vitamin vitamin

— VitaminB | — ViaminA |

——{ Vitamin-D ]—-

—  viemnc | —{ Vitamin-E |

— Vitamink |

Water soluble vitamins

These vitamins include;
- Vitamin B complex, vitamin C

They are provided by rumen microbes.

Rumen microbes synthesize water-soluble

vitamins to meet her nutritional requirement.

Most of these vitamins are (co-factors)

required for proper enzyme function.

For mature cows, water-soluble vitamins do

not have to be supplemented

For young calves Y

these vitamins can be -

supplements. They Water Soluble
Vitamins

are added to rations
in milligrams per day.



27.1 Types of Vitamins Cont’d...

ii. Fatsoluble vitamins Types Of fat S°|Ub|e
vitamin

* High levels of fat can improve absorption of these

vitamins.
* They are added to rations in international units ; .
(IU) per day. L—l Vitamin-A }-
* These vitamins include;
- Vitamin A, D, E and K. . .
+—-[ Vitamin-D }—
A X D) () —  VitaminE |
—  vitaminK |



28. Vitamin A

* Vitamin A can be obtained from feeds or through
injections.

e Vitamin A is stored in the liver.

* Itis specially known to maintain tissues (skin,
stomach and intestinal cell lining).

* Helps in maintaining normal vision & bone
development.

e Supports reproduction functions and growth.

e Supplement at a rate of 100,000-200,000 IU.

Signs of vitamin A deficiency

- Excessive tears.

- Night blindness, blindness in calves and general
blindness.

- Result in still births or abortion.

- Low conception rates and retained placenta.

PR AR e BT e R TN
Vitamin A deficiency can lead to retained placenta



29. Vitamin D qﬁp

uve //
CE S SIS TS TS ) The sk (he epdeis

e Vitamin D is found in plants (D2) and animals take
in vitamin D when fed sun-cured forages.

* Vitamin D is made when animals are exposed to f ST
sunlight (animals with black hair coat may not be
making enough vitamin D). Cholecalciferol (Vitamin D) (::) Food intake
e Itis considered a pro-hormone as it is a precursor Liver (Hepalocyles), brain (Paricyes) ﬂ 25 hydronylase
for the production of calcium regulating hormone
(1.25-dihydroxyvitamin). 25-hydroxyvitamin D,
e Itis required for phosphorus and calcium Kidney (Provimal tubudo colks), gial oeds, neurons u oo
absorption. SR
* Vitamin D assists in calcium mobilization from 1, 25-dihydroxyvitamin D, ! SARE
bones and aids normal bone mineralization. Or

(| H

« Supplement at a rate of 7,500-20,000 IU. Calcitriol (active form)

N
s

HO™ S ow




29.1 Vitamin D Cont’d...

Signs of vitamin D deficiency

Difficulty in breathing.

Stiff joints.

Brittle bones.

Leads to rickets due to poor Ca and P
absorption.

Irritability.

Signs of Vitamin D toxicity

Decreased appetite.
Weight loss.

Bone demineralization.
Calcification of soft tissues.

Small =2

|ntestine Vitamin D

? WJQ 7
Vitamin Serum Ca

Bone PTH

9-10
' mg/d|

Vitamin D

Vitamin D

O
&

N

Bone

Kidney PTH Mineralization



30. Vitamin E

* Vitamin E is closely linked with similar deficiency
characteristics as selenium.

* Vitamin E acts as an antioxidant in the body.

e Assists in resisting diseases.

e Vitamin E supports membrane formation.

e Supports muscle structure and functioning.

e Supplement at a rate of 50-100 IU.

Signs of vitamin E deficiency
- Respiratory difficulties.

- Muscle weakness in calves.
- Difficulties in swallowing.

Note: Similar characteristics to white muscle disease.

VITA E St

1 ml of slightly opalescent in[m-f'
acetas 25 mg, Natrii selenis 227 '!L‘f;l
dose Intramuscular administration 2B

Milk: no withdrawal period o For asisal i

E Bioveta, . s. o
Komenského 212, 633230

1\
Prevention and therapy WL
of diseases associated 4

with deficiency of
vitamin E and selenit

Biovela, a. s.
% 683 23 Ivanovice na K

/" YAkt I




31. Vitamin K

* Vitamin K is important for thrombin (blood clotting) production in the liver.

* Vitamin K are produced by rumen bacteria in sufficient quantities to meet the cow’s body requirements.
For this reason vitamin K is rarely supplemented.

 However some cows experience low blood clotting either due to disruptions of microbes.

* Moldy feeds should be avoided since it interferes with vitamin K functions.

* Vitamin K can be supplemented through administration to support blood clotting.

- END -



