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The determination of mineral requirements of sheep and cattle 

N. D. GRACE 

Applied Biochemistr y Division 
DSIR, Palmersto n North 

ABSTRACT 

In determinin g a minera l requiremen t an attemp t is mad e to measur e the minimu m dietar y intak e of the mineral 
tha t is necessar y to maintai n healt h and the desire d level of production. 

Two approache s can be used to determin e minera l requirements : (a) observation s from practica l feeding studies 
wher e the animal’ s respons e is relate d to the dietar y level of the minera l unde r investigation ; (b) by calculatio n using 
dat a obtaine d from minera l balanc e studie s wher e the losses in the urine , faeces and sweat , togethe r with the amounts 
absorbed , ar e measure d with other investigation s to determin e the minera l uptak e by body tissues and foetus and 
the amount s secrete d in the milk. 
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INTRODUCTION 

Minera l requirement s of an anima l ar e an assessment 
of the dietar y intak e of minera l necessar y to maintain 
its healt h and performanc e at any desire d level of pro- 
duction . Minera l requirement s can var y accordin g to 
individuals , age, sex and level of production , while 
dietar y factor s (usuall y other minerals ) can interfere 
with the absorptio n of some minerals . Therefore , at 
best , a minera l requiremen t should be regarde d as a 
guide to the animal’ s minera l needs and will be re- 
evaluate d as mor e informatio n becomes available. 

Two approache s can be used to determin e the 
minera l requirement s for sheep and cattle . These are: 
(a) observation s from practica l feeding studies , and 
(b) by calculatio n using dat a from minera l metabolism 
studie s in a quantitativ e factoria l model (Agricultural 
Researc h Council , 1980). 

PRACTICA L FEEDIN G STUDIES 

One approac h is to feed animal s syntheti c or natural 
diets of varyin g but known minera l levels, ranging 
from deficient to more-than-adequat e levels to meet 
requirements . The chang e in anima l respons e in terms 
of growth , reproductiv e performanc e or milk pro- 
ductio n is noted as the dietar y minera l level is in- 
creased . The minimu m minera l requiremen t is that 
level of dietar y minera l at which the maximu m re- 
sponse is reache d and maintained . In pastur e situations 
involving grazin g animal s wher e ther e is little control 
over the environmen t or abilit y to ‘set’ dietar y mineral 
levels, an alternativ e approac h is to place 2 similar 
group s of animal s on a numbe r of pasture s of widely 
varying , bu t known minera l levels. One grou p is then 

supplemented , with the minera l unde r investigation, 
at a level which is mor e tha n adequat e to meet its re- 
quirement s while the other grou p acts as a control. 
The minimu m dietar y requiremen t is tha t dietary 
minera l level at which ther e is no significan t animal 
respons e when the supplemente d and contro l animals 
ar e compared. 

As an example , the selenium requirement s for young 
sheep have been determine d using the supplementation 
approach . The Se conten t of pastur e from various 
area s in New Zealan d can var y from 0.01 to 0.04 mg 
Se/kg (Grace , 1983). Group s of lamb s (20 to 30 
animals ) were graze d on pasture s of varyin g Se levels. 
At each pastur e Se level 1 grou p was supplemented 
with 2 to 5 mg Se every 4 to 6 weeks while the other 
grou p acted as a control . Pastur e Se levels were check- 
ed and the animal s were weighed at regula r intervals 
and the differenc e between the supplemente d and con- 
tro l group s noted . A larg e numbe r of trial s over a wide 
rang e of pastur e Se levels were carrie d out . Significant 
difference s in growt h rate s between supplemente d and 
contro l animal s were noted only when Se pastur e levels 
were less tha n 0.03 mg/kg DM. It was therefor e con- 
cluded tha t the dietar y Se requiremen t of the grazing 
young lamb was 0.03 mg Se/kg DM (0.03 ppm ) and 
if DM intake s of 1 to 1.3 kg/d ar e assume d it can be 
calculate d tha t the daily requiremen t of the lamb is 
30 to 40 pg. 

The majo r disadvantag e with practica l feeding 
studie s is tha t the dat a appl y only to the class of stock 
and diet fed and ther e is very little information 
obtaine d concernin g the metabolis m of the mineral 
studied . On the other hand , the quantitativ e factorial 
model require s detaile d informatio n on the metabolism 
of the mineral. 
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FIG. 1 An outline of the quantative factorial model for the determination of mineral requirements. 

THE QUANTITATIVE FACTORIAL MODEL 

An outline of the quantitative factorial model is given 
in Figure 1. The factorial model approach uses the data 
from nutrition balance studies, slaughter trials and 
isotope experiments which have been designed to deter- 
mine the amounts of mineral which are ingested, 
absorbed, retained, secreted and excreted. 

This approach has been used to determine the 
mineral requirements of Na, K, Ca, P, Mg, Cl as well 
as Zn and Cu (Agricultural Research Council, 1980). 
As more data become available it should be possible 
to determine the S, Fe, Mn and Se requirements using 
this approach. However for some minerals such as Co 
and I, the metabolism of which is complex, the above 
approach is not likely to be applicable. 

The main components of the factorial model are: 
(a) Maintenance component: The maintenance com- 
ponent is made up of the endogenous faecal loss, the 
endogenous urinary loss and the losses in the hair and 
sweat and therefore reflects the inevitable loss of 
mineral from the body. This loss occurs even when 
the mineral intake is very low. 
(b) Production component: The production com- 
ponent includes the demands of growth, pregnancy 
and lactation for minerals. The daily amounts of 
mineral taken up by the body tissues, the wool, the 
conceptus and secreted in the milk are determined by 
multiplying the rates of the body-weight gain, wool 
growth, rate of foetal growth and milk production by 
the mineral content of the body tissues, wool, con- 
ceptus and milk respectively. 
(c) Absorption coefficient: To express the net mineral 
requirement on a dietary basis the coefficient of ab- 
sorption or availability of the mineral must be known. 
The coefficient of absorption is that fraction of the 

ingested mineral which is absorbed. Values for the 
coefficient of absorption can be above 0.9 for minerals 
such as Na, K, Cl and I or less than 0.1 for many of 
the trace elements such as Cu, Mn, Fe, while Ca, P, 
Mg, S, Zn and Se lie in between these 2 values. The 
coefficient of absorption is generally higher for young 
animals than for adults. 

Dietary factors have a large influence on the ab- 
sorption of minerals. For example, an important 
dietary interaction is the Cu-MO-S interrelationship 
where increases in the dietary intake of MO in the 
presence of S decrease the absorption of Cu. High 
intakes of Zn and Fe also decrease the absorption of 
Cu, while increased intakes of K decrease the absorp- 
tion of Mg. The uptake and utilisation of I by the 
thyroid is decreased by dietary organic compounds 
called goitrogens (Grace, 1983). 

The Determination of the Mg Requirements of Sheep 
and Cattle using the Quantitative Factorial Model 

The Mg requirements of sheep and cattle can be cal- 
culated using the data given in Table 1. The coefficients 

TABLE 1 The amount of Mg associated with the 
endogenous loss, growth, pregnancy and lactation in sheep 
and cattle. 

Endogenous loss mg/kg LW 
Growth g/kg gain 
Lactation g/kg milk 
Pregnancy early g/d 

mid 
late 

Sheep Cattle 

3 3 
0.41 0.45 
0.17 0.12 
0.01 0.12 
0.03 0.21 
0.05 0.33 
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TABLE 2 Dietary Mg requirements of sheep and cattle. 

Lamb 

Ewe 
maintenance 
late pregnancy 

Live weight 

(kg) 

20 
40 

55 

Production 

150 g/d gowth 
15 

150 

single lamb 
twin lambs 

Requirement 

g/d g/kg diet 

0.7 I .o 
0.9 0.8 
1.1 0.9 

1.0 1.2 
1.3 1.1 
1.5 1.2 

lactation 

Calf 

Dairy cow 
maintenance 
late pregnancy 

2 kg milk/d 2.9 

100 0.5 kg/d growth 3.0 
I.0 4.2 

300 0.5 6.6 
I.0 7.9 

380 
6.7 
8.6 1 

.2 

.O 

.2 

.2 

.2 

.5 

.5 

lactation 20 kg milk/d 21.0 1.6 
30 28.0 1.6 

Beef cow 450 
lactation 10 kg milk/d 16.0 1.9 

of absorption were taken as 0.7, 0.3 and 0.17 for the 
suckling, young and adult animals respectively. For 
example, the Mg requirement of a lactating cow weigh- 
ing 380 kg and producing 20 kg of milk/d is calculated 
as following: 

Maintenance (380 x 3) = 1.14 g/d 
Lactation (20 X 0.12) = 2.40 
Net Mg requirement = 3.54 
Gross Mg requirement (net eO.17) = 21 .O 

Assuming a DM intake of 13 kg/day, the pasture must 
contain 1.6 g Mg/kg DM (0.16% DM) to meet the Mg 
requirements of a lactating cow. 

Likewise the Mg requirements for maintenance, 
growth and pregnancy can be calculated for sheep and 
cattle as well as for the lactating sheep. These are sum- 
marised in Table 2. 

The Recommended Dietary Mineral Requirements for 
Sheep and Cattle 

Using the above approach the recommended mineral 
requirements for sheep and cattle have been deter- 
mined and are listed in Table 3 (Grace, 1983). As the 
mineral requirements for maintenance, growth, 
pregnancy and lactation differ (see Table 2) the highest 
value for the requirement is given in Table 3. Pastures 
containing at least the mineral levels shown in Table 3 
should provide an adequate mineral intake for graz- 
ing sheep and cattle. 

TABLE 3 Recommended dietary mineral requirements for 
sheep and cattle. 

Major elements (g/kg DM) 
Ca 
P 
Mg 
K 
Na 
Cl 
S 

Trace elements (mg/kg DM) 
Zn 
Fe 
Mn 
CU 
Se 
I 
co 

Sheep Cattle 

2.9 4.4 
2.0 3.2 
1.2 1.9 
3.6 5.8 
0.9 1.2 
1.0 2.4 
1.5 1.8 

25 25 
30 40 
25 25 

5 7-10 
0.03 0.03 
0.5-2 0.5-2 
0.11 0.09 
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