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PREFACE

In the Netherlands the "Handleiding Mineralenonderzoek bij rundvee in de praktijk ! is a well-
known publication that has been used already for decades as a guide to trace and treat
mineral disorders in cattle. The fifth edition of this guidebook was published in 1996. The
content of this publication was largely identical to that of the fourth edition (1990). Therefore
the (independent) committee that is responsible for the contents of the guidebook (the
‘Commissie Onderzoek Minerale Voeding’?, COMV) decided in 2000 that a thorough revision
was desired.

The committee was of the opinion that, if possible, the available scientific literature should be
summarized and evaluated once again. Furthermore, attention should be paid to the mineral
provision of categories of cattle other than dairy cattle, as well as to that of sheep and goats.
Finally, the basic principles for the calculation of the mineral requirements should be
described in a transparent way.

The intended revision was made possible as the Dutch ‘Ministerie van Landbouw, Natuur en

Voedselkwaliteit’ (LNV), the ‘Productschap Diervoeder’ and the ‘Productschap Zuivel’® were

willing to subsidize this extensive and ambitious project.

The COMV decided to execute the project as follows.

e External experts, invited by the COMV, should summarize and evaluate the relevant
literature in a so-called ‘basal document’ (with two exceptions to be written in English).

e Subsequently, these documents should be critically evaluated by the COMV.

e These basal documents should then be used to write and arrange the several chapters
of the revised ‘Handleiding’.

The revised ‘Handleiding’ is available (in the Dutch language) since October 2005, under the

title ‘Handleiding mineralenvoorziening rundvee, schapen en geiten.’* This book is published

by the ‘Centraal Veevoederbureau’ (CVB; Central Bureau for Livestock Feeding) in Lelystad,

as was also the case for the previous edition.

The COMV was of the opinion that the valuable basal documents, that became available
during the course of this project, should be published too. By doing so everyone has the
possibility to trace the basis for the text of the revised 'Handleiding’. The CVB was gladly
willing to issue these documents as CVB Documentation reports. In connection with this the
authors and the members of the COMV have disclaimed all rights and have assigned them
to the Productschap Diervoeder, of which the CVB is one of the services.

For an overview of the CVB Documentation Reports that will appear in this context, you are
referred to an Annex in the back of this report.

For the preparation of the present report on the Calcium provision in ruminants the COMV
expresses its gratitude to the author, dr. A.M. van den Top.

Utrecht/Lelystad, November 2005.
Professor dr. ir. A.C. Beynen Dr. M.C. Blok
Chair of the COMV Secretary of the COMV and Head of the CVB

The author, Dr. A.M. van den Top, expresses his thanks to the COMV, especially prof. dr. A.
Th. van ‘t Klooster, and dr. M.C. Blok, for critically reading the manuscript and their advice.

Guidebook on mineral research for cattle in practice.

Committee for research on mineral nutrition

The Ministry for Agriculture, Nature and Food quality, the Product Board Animal Feed and the
Dutch Dairy Board, respectively.

Guidebook mineral provision cattle, sheep and goats.
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LIST OF ABBREVIATIONS

Abbreviation Unit Description

BW kg Body weight

CT Calcitonin

DM Dry matter

DMI kg Dry matter intake
PTH Parathyroid hormone




1 FUNCTIONS OF CALCIUM IN THE BODY

Calcium is an essential component of the skeleton and, therefore, of vital importance for
proper bone growth. Within the bone tissue, Ca is present in hydroxyapatite crystals
((Cao(PO4)6(OH),). Extraskeletal Ca occurs as either free ions or bound to serum proteins
and complexed to organic and inorganic acids. The free Ca ions (50-60% of plasma Ca) are
essential for nerve conduction, cell signalling, blood clotting and muscle contractions [121].

2 DISTRIBUTION OF CALCIUM IN THE BODY

The majority of Ca in the body is present in the skeleton (98-99% of body Ca). Extraskeletal
Ca represents 1-2% of total body Ca [85;121]. During late gestation and early lactation as
much as 20% of Ca present in the bones can be mobilized [121]. Although the amount of Ca
present in the bones represents a considerable reserve, Ca absorption as well as the ability
of cows to mobilize Ca from the bones decrease with age [106;112]. Therefore, acute
increases in Ca needs due to the start of lactation can result in the development of milk
fever.






3 CALCIUM ABSORPTION AND KINETICS

3.1 General

Calcium uptake from the intestine of ruminants occurs mainly in the small intestine, although
small amounts may be absorbed from the forestomachs [24;36;121;133]. In the abomasum,
both net secretion and absorption of Ca can occur [133]. Absorption of Ca from the anterior
small intestine is both an active (mediated by vitamin D3) and a passive process [30]. The
physiologically active form of vitamin D3 (1,25-dihydoxycholecalciferol) is either directly
obtained from the feed (concentrates, supplements) or produced in the body from related
compounds. In the skin 7-dehydrocholesterol can be metabolized to cholecalciferol under
ultraviolet irradiation. Vitamin D, can be obtained from sun-cured roughages. Both
compounds are metabolized in the liver to 25-OH-cholecalciferol and subsequently in the
kidney to the active vitamin Ds;. A comprehensive review of vitamin D metabolism and
functions is presented in references [30;57].

The Ca absorption from the forestomachs is enhanced in the presence of Na [39] and
phosphate [11;35] and decreased in the presence of high Mg concentrations [39;119]. The
ruminal Ca®* content is decreased in the presence of long-chain fatty acids [87]. Absorption
from both the intestine [121] and the reticulo-rumen [36] is stimulated by parathyroid
hormone (PTH) and 1,25-dihydroxycholecalciferol. Parathyroid hormone secretion is
sensitive to small variations in ionic Ca concentration in the extracellular fluid and, in turn,
stimulates vitamin D; activation in the kidney. Vitamin D; acts more slowly in activating Ca
uptake by both the intestinal mucosa (with the help of calbindin) and the bones [108;121],
but not from the forestomachs [110]. As PTH secretion is lowered in hypomagnesemic
sheep in response to temporary hypocalcemia, poor Mg availability (e.g. due to a high K
content of the feed) entails the risk of milk fever [94;106;126]. The irresponsiveness of bone
and kidney to PTH stimulation during (subclinical) hypomagnesemia is possibly mediated by
a metabolic alkalosis [48].

In case of excessive Ca supply, these homeostatic mechanisms are reversed by calcitonin
(CT) secretion, which decreases Ca absorption from the intestine and increases its
deposition in the bones [121]. In thryroidectomized sheep, CT decreases Ca secretion into
the saliva [73].

3.2 Differences in calcium metabolism due to different calcium sources

3.2.1 |Interactions of calcium and oxalate

Summary of Relative Ca bioavailabilities as measured, using either true absorption or
retention, have been extensively reviewed by Soares [112]. Selected results are given in
Table 1. Retention values are often low. However, the absolute amount of Ca absorbed is
greatly influenced by the ratio between intake and requirement (I/R ratio, see chapter 4).

Table 1 Selected results of Ca bioavailability trials in cattle [112]
Source RV (%) Standard RC Added level (%)%
Ca chloride RG 132 Cacarbonate |T 0.33
Ca chloride FG 120 Cacarbonate |T 0.33
Dicalcium phosphate (RG) 125-126 Cacarbonate |T 0.33
Dicalcium phosphate FG 116-124 Cacarbnate |T 0.33
Limestone 88-93 Cacarbonate |T 0.33
Monocalcium phosphate RG 120-140 Cacarbonate |T 0.33
Orchard grass hay 98-100 Cacarbonate |T NG

FG = feed grade; NG = not given; RC = response criterion; RG = reagent grade; RV = relative value to standard;
T = true absorption; 2 level of Ca added to the basal ration



3.2.2 Conclusions

In comparison with mineral sources the availability of Ca from plant material, such as lucerne
and white clover, can be low, but results vary considerably [85;112].The fact that Ca is
bound to or surrounded by slowly degradable plant cell structures and the occurrence of
poorly available oxalate-bound Ca in plants may contribute to a low Ca availability (see
paragraph 3.3.1). Moreover, possibly both the plant species and maturity stage might
contribute to the observed differences. Finally, in experiments of Van ‘t Klooster [65] + 90%
of duodenal Ca in a sheep and a cow was ultrafiltrable (gras and grass hay-based rations).
Therefore, Ca availability from Dutch grass species is not necessarily as low as values
reported abroad and, moreover, may be dependent on the intake/requirement ratio (I/R ratio,
see chapter 4). Within the mineral sources of Ca, Ca chloride, monocalcium phosphate and
dicalciumphosphate are readily available (Table 1). However, Ca chloride may be caustic to
the animal’s gastrointestinal tract. As an oil emulsion, it may be relatively safe [55;132]. In
most cases the application of Ca carbonate will be a convenient way to add Ca to the ration.
The choice for mono- or dicalciumphosphate instead of Ca carbonate may be influenced by
the need to add phosphate to the ration or not.

3.3 Interactions influencing calcium absorption

3.3.1 Dbioavailability trials in ruminants

3.3.1.1 Cattle and sheep

As Ca is absorbed in its ionic form, compounds binding Ca**, and thereby reducing the ionic
Ca concentration, may impair Ca absorption. In ruminant nutrition, this is mainly the case for
oxalate. In lucerne hay, as much as 20-33% of total Ca was demonstrated to be oxalate-
bound Ca. Vascular bundles in the lucerne leaves containing lots of Ca oxalate crystals were
largely unaffected by ruminal digestion [130]. This may be detrimental to Ca absorption.
However, in other cases 48-71% of Ca-oxalate was hydrolyzed by bullocks [81]. Plants
containing relatively large amounts of oxalate, such as fescue (Festuca spp.) [129] and dock
(Rumex spp.) [33;88] can cause disease and death due to interference with Ca metabolism.
Moreover, oxalate-containing plants may be palatable to ruminants. Oxalate consumed by
ruminants may (1) be degraded by rumen bacteria, (2) precipitate with Ca or Mg and/or (3)
be absorbed from the rumen and bind Ca in the blood to produce hypocalcemia and/or (4)
be excreted. Insoluble oxalate salts may then accumulate in tissues, especially the rumen
wall and the kidneys. The condition can be lethal due to (1) hypocalcaemia, (2) uremia due
to kidney damage and/or (3) interference of oxalate with energy metabolism (succinate
dehydrogenase and lactate dehydrogenase). The problem may be aggravated when hungry
animals are allowed to graze a heavy stand of these plants while having restricted access to
drinking water [61;129;135]. Animals suffering from acute oxalate poisoning can die
suddenly. Before death, excessive salivation, depression, tremors, rapid and labored
breathing and ataxia may be observed [88].

3.3.1.2 Goats
As yet, no problems due to oxalate ingestion by goats have been reported.

3.3.1.3 Conclusion

In general, the most important aspect of the oxalate content of plants and rations will be the
fact that Ca absorption from oxalate-rich rations and plants is relatively low. Risk factors
(allowing hungry and/or thirsty animals to graze heavy stands of oxalate-rich plants) should
be avoided. Until more information is available, this is assumed to be also the case for goats.

10



3.3.2 Interactions of calcium and phytate

3.3.2.1 Cattle, sheep and goats

Although phytate may impair Ca bioavailability in non-ruminating animals [112], phytase-
mediated ruminal breakdown of phytate is usually sufficient to prevent this interaction in
ruminating animals. No data are available on the effect of phytate on Ca metabolism in milk-
fed calves.

3.3.3 Interactions of calcium and aluminium

3.3.3.1 Cattle and sheep

As summarized by Schenkel and Kliber [107] in cattle and sheep the addition of 300-1450
ppm Al (from either AICI;.6H,O, Al-citrate or Al,(SO,)s [7;123;124]) had no effect on
absorption and tissue or plasma concentrations of Ca. Only in one case the addition of 1000
ppm Al to the ration® of cows resulted in increased apparent absorption, urinary excretion
and retention of Ca [101]. The addition of 2000 ppm Al to the ration® of wether lambs
decreased apparent Ca absorption [123]. Tissue Ca concentrations were not influenced by
Al treatment. The addition of 2000 ppm Al/kg DM (from Al-citrate) to the ration of wethers
tended to reduce Ca concentrations in kidney, pancreas and parthyroid gland as compared
to their citrate-treated countermates [7]. Using the same experimental design in beef cows
(2000 ppm additional Al’) urinary Ca concentrations were increased, whereas serum Ca
concentrations tended to be higher in the Al-treated group [8].

3.3.3.2 Goats
No experimental evidence on the influence of Al on Ca metabolism in goats is available.

3.3.3.3 Conclusion

Under normal circumstances Al concentrations in grass range from 100 to 400 ppm Al (DM).
Only at the end of the grazing season (October) the Al concentrations can exceed 1600 ppm
(DM) [101]. Although in the majority of the experiments mentioned above the Al
concentrations substantially exceed those normally found in forages, only minor influences
on Ca metabolism have been reported. Therefore, the practical importance of Al on Ca
metabolism in ruminants seems to be minor.

3.3.4 |Interactions of calcium and magnesium

3.3.4.1 Cattle

In steers fed a ration® containing 3 g Mg/kg DM or supplemented with Mg to contain either
14, 25 or 47 g Mg/kg DM for 130 days both apparent Ca absorption and serum, liver and
kidney Ca concentrations decreased significantly with increasing dietary Mg concentrations
[25]. Bone Ca concentrations were not different between the groups. The steers on the two
highest Mg levels had severe diarrhea and were lethargic.

Hay/concentrates ration; Al concentration not given; additional Al from Al»(S0O,)s.18H,0.
Maize(starch)/cottonseed hulls/soybeans/lucerne/molasses ration containing 168 ppm Al;
additional Al from AICl;.6H,0.

Cottonseed hulls/maize/maize gluten meal ration containing 200 ppm Al; additional Al from Al-
citrate.

Maize/orchardgras hay/soybean meal/loasses ration; extra Mg from MgO (feed grade).
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3.3.4.2 Sheep and goats

No experimental evidence is available on the effect of high dietary Mg concentrations on Ca
metabolism in small ruminants.

3.3.4.3 Conclusion

The Mg levels reported to cause clinical symptoms due to Mg toxicity (25 and 47 g/kg DM)
extremely exceed normal Mg levels in ruminant rations (up to 5 g Mg/kg DM [22]). This is
even the case for the 14 g/kg DM level. At this level, biochemical alterations of Ca
metabolism were already visible. However, as no levels in between have been used,
applicability under practical circumstances remains questionable. Only in cases of gross
overdosing of Mg [104] impairment of Ca metabolism can be expected.

3.3.5 Interactions of calcium and lactose

3.3.5.1 Cattle and goats

No experimental data concerning the influence of lactose on Ca metabolism in cattle and
goats are available.

3.3.5.2 Sheep

In an experiment with 4 sheep fitted with ruminal and intestinal cannulas and fed lucerne hay
with or without lactose®, ruminal pH and acetate concentration, as well as Ca absorption
from the small intestine, were lower when lactose was fed. However, in the lactose-fed group
Ca absorption from the forestomachs was increased, resulting in an increase in apparent Ca
absorption from the lactose-enriched diet [97]. Ruminal propionate concentration was
increased.

3.3.5.3 Conclusion

An increase in the dietary supply of ruminally fermentable carbohydrates may be positively
correlated with Ca absorption from the gastrointestinal tract of sheep. However, due to lack
of data this effect cannot be quantified.

3.3.6 Interactions of calcium and phosphorus

3.3.6.1 Cattle

In a steer fed a total mixed ration'® supplying theoretically adequate Ca, P and Mg (4.0, 3.9
and 1.8 g/kg DM, respectively) but with a Ca:P ratio of 1:1, complete obstruction of the
urethra was observed [128]. The clinical sings were frequent tenesmus, evidence of
abdominal pain, regurgitation and labored breathing. Two experiments were carried out with
different Ca:P ratios before calving to study the effects on the incidence of milk fever [12;44].
The Ca:P ratios ranged from 1.1:1 to 2.3:1. However, due to uncertainties concerning Mg
supply or possible interactions with dietary energy intakes during the dry period these
studies did not show clear results as to the influence of the Ca:P ratio on the incidence of
milk fever. Finally, in a dairy herd fed a ration* with a Ca:P ratio of 1.1:1 with many problems
of dystocia, retained placenta, poor uterine involution and post-partum metritis with

9
10
11

700 g lucerne hay with or without 40 g lactose/day.
Cracked maize/maize gluten/gluten balancer/hay/diatomaceous earth ration.
No ration composition given.

12



concurring low serum Ca concentrations, treatment with steamed bone meal for 3 months
dramatically improved the clinical situation and increased serum Ca levels [20].

3.3.6.2 Sheep

In an experiment with ram lambs fed rations™ containing 3.6-4.1 g Ca/kg DM and either 1.2,
2.4 or 4.8 g P/kg DM, apparent Ca digestibility was 17.2, 22.2 and 1.7, respectively [70].
Calcium retention was 5.6, 13.0 and —-12.3% of intake, whereas dietary Ca:P ratio was *
3.2:1, 1.7:1 and 0.8:1, respectively. Similar observations were made in an other experiment
with 2 wethers fed a ration*® containing 4.0-4.9 g Ca/kg but differing in P content [2]. The P
contents were 0.7, 2.4, 3.9 or 4.0 g/kg or 2.4 and 3.8 g P/kg. The corresponding Ca:P ratios
were 6.6:1, 2.1:1, 1.3:1 and 1:1 or 2.1 and 1.3, respectively. The 6.6:1 Ca:P ratio in the first
sheep severely depressed unidirectional Ca absorption rate**, whereas the second sheep
also showed a significantly lower Ca absorption rate during P depletion™.

3.3.6.3 Goats

Goats fed a ration consisting of Leucaena leucocephala containing a Ca:P ratio of 6:1 to
14:1 developed osteomalacia of the mandibles [134]. In another experiment, goats were fed
a ration'® containing 11.9 g Ca/kg DM, 0.6 g P/kg DM and 12.0 g Mg/kg DM with or without
1% NH4CI [111]. Severe crystalluria (struvite crystals) was observed in the group not
supplemented with NH,Cl. Retention of Ca and P was significantly increased in the NH,CI-
treated group.

3.3.6.4 Conclusion

Both too high and too low Ca:P ratios may be detrimental to Ca metabolism. Especially a
Ca:P ratio < 1:1 results in very poor Ca digestibility and retention. This may result in rickets
or urolithiasis, mainly depending on the dietary Mg concentration [31;128]. Although it is
often recommended to keep the dietary Ca:P ratio at 1.5:1 to 2:1 [128], there is only poor
evidence to adopt this recommendation when both dietary Ca, P, Mg and vitamin D
concentrations are adequate[20].

3.3.7 Interactions of calcium and fat

3.3.7.1 Cattle

When the ether extract of the ration'’ of lactating cattle was increased from 3 to 6% (DM) by
adding ground raw soybeans to the concentrate, apparent Ca absorption increased (4 and
16%, respectively). However, when the ether extract of the ration was increased from 6 to
11% (DM) by adding blended hydrolyzed fat the apparent Ca absorption showed a slight
decrease (24 vs 20%) [86]. Milk yield and fat production was not different between the
groups.

In cows fed rations™® with or without 1 kg of rapeseed oil infused into the rumen per day for
28 days, ionizable Ca concentration in ruminal fluid was lower in the oil-fed animals at

12

s Maize cobs/maize starch/cerelose ration; extra P from monosodium phosphate.

Maize/molasses/maize flour/wheat straw/urea ration; extra P from Na dihydogen phosphate
dihydrate.

“ From 0.2/h to 0.03/h.

> From 121.4 pmol/h to 9.4 umol/h.

16 Hay/concentrates ration.

" Lucerne/concentrates/maize silage ration.

8 Maize silage/soybean meal/concentrate mix ration.
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certain hours of the day [40]. However, the amount of Ca-soaps formed in the rumen was
low. Dry matter intake including oil infusion was 16.4 and 17.5 kg/day for the non-
supplemented and oil-fed groups, respectively.

In lactating cattle™® fed either 2.5 or 5% additional animal-vegetable fat, overall apparent Ca
absorption was not influenced by fat addition [96]. Diets were calculated to meet
requirements and DMI was comparable between the groups (average 17.4 kg/day). As fatty
acid intake was calculated to be 431, 819 and 1145 g/day for the non-supplemented, 2.5%
and 5.0% ration, respectively, crude fat percentages in the DM of these rations must have
been approximately 2.5%, 5% and 6.5% (DM), respectively.

In another experiment, plasma Ca concentrations were not influenced by increasing the
dietary fat intake of lactating cows from 0.6 to 1.1 kg DM/day [116].

In steers fed rations® with or without added yellow grease (5% on DM basis) apparent Ca
absorption was not influenced [136].

As discussed above, fats and oil as such may be added to the ration of dairy cattle. On the
other hand, fatty acids can also be added to the ration as Ca soaps of long-chain fatty acids.
Supplements consisting of saturated long-chain fatty acids (palmitate, stearate) usually
contain 9-10% Ca [66a]. When Ca soaps of fatty acids are added to the ration at a level of
4% (DM) [664a], this equals an addition of as much as + 4 g Ca/kg DM of ration. As most Ca
soaps of fatty acids are more or less completely dissociated below pH 5 [115a], this means
that the majority of Ca from these supplements will be available for absorption in the
abomasum.

3.3.7.2 Sheep

In sheep fed rations consisting of grass hay or silage and supplemented with + 500 g of
either a low-fat or a high-fat concentrate?* for 28 days, the apparent Ca absorption was
slightly lower on the high-fat rations [114]. In similar experiments [49;113], the addition of 50
g soybean oil to the ration® of sheep or the infusion of 52 mL of maize oil into the rumen®
did not influence plasma Ca concentrations. Although more Ca soaps were excreted in the
faeces, the infusion of maize oil did not influence apparent Ca absorption. On the other
hand, in sheep fed rations containing either 2 or 10% total lipids (DM basis)** apparent Ca
absorption was increased in the high-fat group [32]. Contrarily, both apparent and true Ca
absorption was decreased at the addition of 7.5% maize oil to the ration®® of wether lambs
[117].

3.3.7.3 Goats

In goats fed rations®® containing either 0, 11, 22 or 33% crushed whole soybeans (crude fat
contents of the rations being 2.7, 3.1, 4.4 and 5.2%, respectively) for 28 days, serum Ca
concentrations were unaffected by treatment [64].

¥ Lucerne hay(lage)/maize silage/concentrate ration; fat was added at the expense of maize starch

and sugar.

Lucerne hay/grass hay/barley/molasses ration.

Extra fat from soybean oil; 8% oil replaced an isoenergetic amount of starch.

Hay/grass silage/concentrate ration; total DMI was assessed to be + 1.5 kg/day

Grass/white clover ration; composition unknown.

Extra fat from maize oil.

Cottonseed hulls/lucerne meal/soybean meal/maize ration; fat content of the basal ration not
given, but assessed to be + 4% crude fat (as fed).

Hay/maize based rations.

20
21
22
23
24
25

26
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3.3.7.4 Conclusion

In several cases, the experimental design was unsuitable to judge effects of fat or oil on Ca
metabolism (e.g. plasma Ca concentrations are unsuitable as a parameter of Ca aborption).
Moreover, as the reported effects of dietary fat content on Ca metabolism are different, no
unequivocal conclusions can be drawn. However, in general the influence of dietary lipid
additions up to 5-6% of DM on Ca metabolism seems to be minor.

3.4 Recycling

Although salivary Ca concentrations are low (0.09-0.9 mM in cows [99;103;115;125]; 0.24-
0.40 mM in sheep [34;90]), due to the large salivary volume this route of Ca secretion is the
main contribution to total Ca secretion into the gastrointestinal tract of ruminants [103]. No
guantitative information is available on recycling of this Ca.

3.5 Excretion

Excretion of Ca in cattle, sheep [17;121] and goats [92] mainly occurs via the faeces. Urinary
Ca excretion in ruminants is normally low (0.8% of dietary Ca intake (cows, [109])), but can
be increased by feeding anion-rich rations (up to 11.6% of Ca intake [109]). In goats similarly
low values were reported (0.2-1.2% of intake [111;134]), whereas in sheep both similar (1.7-
5.5% of intake [16]) and higher values were reported (11.0% of intake [70]). More details on
the influence of feeding anion-rich rations (negative dietary cation-anion balance, DCAB) are
given in references [48;78;79;109;120].
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4 CALCIUM REQUIREMENTS

The Ca requirements of adult animals are determined by the endogenous (inevitable) losses
and the secretion into milk. In growing and pregnant animals Ca is also deposited in growing
(foetal) tissues. The main contribution to endogenous faecal Ca losses is made by the
amount secreted into saliva [66;103]. In early lactation, animals are in negative Ca balance.
In later stages of the lactation they should be enabled to replenish the Ca stores in the
bones [17] (see chapter 5).

4.1 Cattle

4.1.1 Dairy cattle

In all ruminant species, true Ca absorption is considerably influenced by Ca needs and Ca
supply via the feed. An increasing amount of Ca in the feed results in downregulation of Ca
absorption. In fact, values for true Ca absorption are only useful when the corresponding
value for the intake/requirement (I/R) ratio is given. And this requirement, in turn, has to be
assessed at a certain Ca intake and assuming a value for true Ca absorption. Therefore, the
assumed value for true Ca absorption is the main source of disagreement between the
different authors and authorities with respect to the Ca requirements [121].

Considering the I/R ratios applied in the majority of the experiments, most of them are too
high to force the animals to maximize their Ca absorption rates. Therefore, the maximal
value for true Ca absorption should be higher than usually assumed (30-50%, Table 2). This
is in accordance with the observations of Van Leeuwen and De Visser [68], who fed lactating
cows for 7-16 months a ration®’ containing 1.7 g Ca/kg DM. Apparent Ca absorption was up
to 83.8%, and, therefore, true Ca absorption must have been even higher (not determined).
The animals remained healthy, DMI and milk yield were as expected and blood Ca levels
were in the normal range. No signs of Ca mobilization from bones, as measured with the
help of bone biopsies and hydroxyproline concentrations in blood and urine, could be
observed. The Ca content of the bones even increased during the experiment. Similar
observations were made by Van de Braak et al. [13;15], who fed pregnant cows rations®®
containing 2.1-2.7 g Ca/kg DM. Bone turnover rates in cows fed these low Ca levels during
the end of gestation were higher than those of cows fed 6 times higher Ca concentrations
during this period. However, DMI and milk yield and blood PTH levels were comparable
between the groups. No milk fever occurred in the low-Ca group.

The AFRC estimate of 68% for true Ca absorption can, therefore, be considered to be safe
and is adopted for the calculations of Ca requirements. Although rejected by others as being
(much) too high [45;85], the 68% estimate for true absorption can even be considered to
contain a safety margin regarding the very high value mentioned for apparent absorption.

In dairy cows, several assessments have been made regarding total endogenous Ca loss,
Ca accretion in growing tissues and Ca accretion in the conceptus. These assessments are
given in Table 2.

27

2 Wheat straw/potato/concentrates ration.

Wheat straw/concentrates ration; total Ca intake 11-13 g/day during the last weeks of gestation;
DM content of the ration assumed to be 88%.
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Table 2 Assessments of factors for factorial estimation of Ca requirements (both BW

and DMI in kq)
Ref. | Remark
Cattle
Endogenous loss
AFRC [4] (in g/day) 0.0079xBW + 0.66 x kg DMI — 0.74
NRC [84;85] 0.0154 g/kg BW Maintenance, dry
and beef cattle
0.031 g/kg BW Lactating cattle
DLG/GfE[45] 1 g/kg DMI
Challa & 7.46 mg/kg BW ° Growing calves

Braithwaite [23]

Ca accretion in growing tissues (g/kg growth)

A(F)RC [4;85]

9.83 x (expected adult BW)** x (current BW) **

DLG/GIE [45]

14.3

INRA [51]

10-15

NRC [84]

7.1 g/100 protein gain

Gestation (g/day)

A(F)RC [4;9T

10 ©19- G715 X (000303 X aY))

40-kg calf at birth

House&Bell
INRC [58;85]%

0.02456 x e USSBT000007X O _ ) 55456 5 (005581000007 @ D)D)

DLG/GIE [45]

3.5 (6-4 wk a.p.) or 5.0 (3-0 wk a.p.)

NRC [84] 13.7 g/kg foetal weight Last 3 months of
gestation
Small ruminants
Endogenous loss
A(F)RC [4;5] (in g/day) 0.228 + 0.623 x kg DMI Sheep,goat
DLG/GfE [10] 1 g/kg DMI Goat

Braithwaite [16]

17.1-41.0 mg/kg BW

Depending on
physiological state

Ca accretion in growing tissues (g/kg growth)

AFRC [4] 6.75 x (expected adult BW)**° x (current BW) **° Sheep
AFRC/INRA/  [9.83 x (expected adult BW)’?* x (current BW) ™ Goat
Meschy[4;5;74;
75]
DLG/GfE [10] 11.5 (milk-fed kids) or 10.0 (ruminating goats) Goat
INRA [51] Some less than 10-15 Sheep
Gunther/Pfeffer | 10 Sheep
[52;91]

Gestation (g/day)®
ARC [9] 1 Q@299 (7406 X 00535 X Ay Sheep, 4 kg lamb

singleton

DLG/GfE [10] | 0.8 (110-120 d) — 3.6 (>141 d) Goat

2 d = day of gestation; ° at a P level 0Of 3.3 g/lkg DM

In this report, for calculation of Ca requirements the A(F)RC equations are used, because of
the most clear and extensive evidence. However, for Ca accretion during gestation the
equation of House & Bell [58] is adopted.
Although in the AFRC equation for endogenous Ca loss the rationale of the partial
dependence of endogenous Ca loss on BW is not clear, the contribution of BW is only
slightly more than 1% of that of DMI. Regarding the reported Ca concentrations in saliva,
endogenous Ca loss per kg DMI may be even lower than those calculated by different
authorities (Table 3).
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Table 3 Bovine endogenous Ca loss expressed in g/kg DMI at varying DMI as
calculated by the equations of NRC, AFRC and DGL/GfE (BW = 650 kq)

DMI (kg) NRC [85] | AFRC [4] | DLG/GFE [45]
Endogenous Ca loss (g/kg DMI)

10 1 (dry cattle) 1.1 1

18.5 1.1 (lactating cattle) 0.9 1

27 0.7 (lactating cattle) 0.8 1

As demonstrated in Table 4, for usual DMI rates most authorities calculate the endogenous
Ca loss expressed per kg DMI to be 0.7-1.1 g Ca/kg DMI. However, salivary Ca secretion is
the major contribution to endogenous Ca loss. In the experiment of Rogers and Van ‘t
Klooster [103] salivary Ca concentration was shown to be 0.5 mM (= 20 mg/L), whereas
saliva flow was demonstrated to be 15.2 L/kg DMI at different types of rations®. Therefore,
the salivary Ca secretion per kg DMI in that experiment was 15.2 x 20 = + 300 mg Ca/kg
DMI. For the total gastrointestinal secretions this value may be slightly higher (e.g. + 0.35
g/kg DMI). This is a much lower value than assumed by most authorities. If the quality of the
ingested feed and/or the salivary Ca concentration [99] is lower, this difference will be even
larger. However, as these effects cannot be sufficiently quantified, the AFRC equation will be
used for calculation of endogenous Ca losses.

For Ca accretion in growing tissues, the AFRC equation is the only one quantifying the
dependence of Ca need to age.

The outcomes of the equations of the ARC [9] (105195715 x e(0.00303 xdays of gestation))) 7 1 (factor
1.1 used for adaptation to 44 instead of 40-kg calf)) and House and Bell [58] (0.02456 x
(0:05581-0.00007 x d)d _ 5 02456 x g((0-05581-0.00007(d-D)E-1)y for Cq accretion in the pregnant uterus
are largely similar. However, close examination of both data sets reveals some differences.
The ARC data on Ca accretion in the fetus originate from the experiment of Ellenberger
(1950) [38]. In this experiment, the mineral content of 24 Holstein fetuses was investigated
from 135-267 days of gestation. In 1993, House and Bell carried out the same procedure
with 18 Holstein calves between 190 and 270 days of gestation. In none of these
experiments the actual birth weight was determined, as all calves were slaughtered at least
10 days before the expected calving date. However, in the House and Bell experiment nearly
always the BW of the fetuses was beyond those of the fetuses in the Ellenberger
experiment®. Even if the ARC Ca accretion data (designed for a 40-kg calf) are multiplied by
1.1 to obtain values for a 44-kg calf at birth [120], during most of the gestation period the
ARC Ca accretion data are consistently below those of House and Bell (Figure 1). This
difference might originate from an increase in the relative contribution of the skeleton to the
birth weight of Holstein calves as caused by nearly half a century of breeding. Finally, in the
House and Bell experiment both the fetus and non-foetal conceptus (foetal fluids, foetal
membranes, uterine wall etc.) were collected and analyzed. The original ARC data from
Ellenberger only consist of fetus mineral data. To calculate data for the total pregnant uterus,
the ARC has used data for the non-foetal conceptus from another experiment. Therefore, it
is decided to use the equation of House and Bell for Ca accretion in Holstein calves during
gestation, as this equation might be the most reliable and the most applicable to modern
cattle. Similar remarks apply to the experiment of Ferrell et al. [41], who analyzed the
mineral composition of 81 bovine fetuses and adnexa during gestation. This experiment
employed mixed breed beef heifers® with a low BW (332 kg). Daily Ca accretion values in
the gravid uterus were approximately half those found in Holstein cows. Therefore, these
results were considered not to be applicable to Ca accretion in Holstein fetuses.

Hay/concentrates or grass rations.
Values were only depicted in a graph.
Angus, Hereford and Red Poll crossbred heifers were mated to 5 half-sibling Brown Swiss bulls.
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Figure 1 Calcium accretion from 224 to 270 days of gestation as calculated using the
equations of House and Bell [58] and the ARC [9]
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| Bovine colostrum contains approximately 2.0 g Ca/kg [98], whereas the Ca content of
mature milk is assessed to be (g/kg) 1.03 [43], 1.20 (1.00-1.40) [3;63], 1.20 [4;68], 1.25 [45],
1.26 [69]. The mean of these values is 1.20 g/kg, which is used to calculate Ca
requirements. This value is in accordance with the mean value of 1.20 g/kg which is found in
milk from Dutch dairy cows (NIZO Food Research, Ede, The Netherlands). Values of 1.4
[71], 1.84 [62] or 1.95 [102] are considered to be abnormally high values, not applicable
under Dutch circumstances. Milk Ca content is hardly influenced by changes in dietary Ca
concentrations [68].

41.2 Beef cattle

No separate calculations need to be made for the Ca requirements of beef cattle. Estimates
of the different factors resemble those made for dairy cattle [84], whereas the assumed
value for true absorption overrules the other differences. Only for small breeds the Ca
accretion data during gestation from Ferrell et al. [41] might be used.

4.2 Sheep

Similar to cattle, for sheep and goats also the A(F)RC equations are adopted. For Ca
accretion in growing tissues of sheep the AFRC equation is

6.75 x (expected adult BW)*? x (current BW) % [4].

For endogenous loss values in sheep and goats the same remark applies as for cattle.

The values for true Ca absorption as given in Table 2 are mostly obtained employing Ca
levels well beyond requirements and, therefore, may not have forced the animals to
maximize their Ca absorption rates. As soon as the Ca content of the ration approaches
requirement levels, true Ca absorption increases to values > 55%. As it is not clear as to
what extent Ca absorption was really maximal, it seems defendable to adopt the 68%
estimate of the AFRC [4] for small ruminants either.
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The ARC [9] Ca accretion values during gestation are derived from a comparative slaughter
experiment employing 51 Merino ewes carrying a single fetus [67]. The ewes were
slaughtered from < 30 days to 145 days of gestation. During twin pregnancy, the outcome of
the equation mentioned in Table 3 should be multiplied by a factor of 1.975 (total birth weight
of twin lambs 7,9 kg [5]).

Sheep colostrum is reported to contain 1.0-3.3 g Ca/kg [37], whereas mature milk contains
1.6 [4,62], 1.64 [17], 1.8 [83] or 1.9 g Ca/kg [51]. Thus, sheep milk is assessed to contain on
average 1.7 g Ca/kg. This value is used for calculation of Ca requirements. Massese sheep
milk is reported to contain 2.3 g Ca/kg [21], which is considered not to be applicable to Dutch
sheep.

4.3 Goats

Besides one report dealing with true Ca absorption in goats [59] no separate information is
available on endogenous Ca loss or Ca accretion in the pregnant uterus. Therefore, for
these factors the values assumed for sheep are used. For Ca accretion in growing tissues of
goatsthe AFRC equation is used (9.83 x (expected adult BW)®? x (current BW)*°%) [5].
Mature goat milk contains (g Ca/kg) 0.9 [89], 1.2 [91], 1.21 (Saanen and related breeds) [80],
1.25 [51], 1.26 [74;75], 1.3 [5], 1.38 [82] and 1.40 [71]. On average, these values for mature
milk are 1.24 mg Ca/kg. A (rounded) value of 1.2 is, therefore, used for calculation of Ca
requirements. Two high values (1.80 [102] and 1.94 [62]) were considered abberating high
values not applicable to Dutch dairy goats.

4.4 Conclusion

The following equation can be used to calculate the required Ca concentration of ruminant
rations:

C= 100 x (a + (kg milk x b) + ¢ + d)
Aca X DMI
in which C = required dietary Ca concentration (g/kg DM)

Aca = true Ca absorption (%) (assumed to be 68%)
DMI = dry matter intake (kg/day)

a= endogenous loss (g/day; using the AFRC equation given in Table 3)

b= 1.2 g/kg milk for cattle, 1.7 g/kg milk for sheep and 1.2 g/kg milk for
goats

c= Ca content of growing tissues (g Ca/kg growth; using the AFRC
equation given in Table 3)

d=  amount of Ca needed for pregnancy (g/day; using the House and Bell
equation for cattle and the ARC equation for small ruminants given in
Table 3)
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5 ALLOWANCES

Using the above equation (see paragraph 4.4), some examples of minimal dietary
requirements and allowances have been calculated (Table 4). These allowances do not
include a safety margin, as this is supposed to be included in the absorption coefficient (see
paragraph 3.4). Moreover, transient Ca deficiencies can be compensated for in later stages
of the lactation cycle.

Table 4 Examples of calculated Ca requirements and allowances.

Category DMI Requirement |Allowance

kg g/day g/day  |g/kg DM
Growing female cattle
4 months, 850 g growth/day, 130 kg BW 3.9 22 22 5.6
9 months, 700 g growth/day, 250 kg BW 5.6 20 20 3.5
16 months, 625 g growth/day, 400 kg BW 7.3 21 21 2.8
Dairy cattle (650 kg BW)
cow, dry, pregnant (8-3 wk a.p.) 115 27 27 2.4
cow, dry, pregnant (3-0 wk a.p.) 11 31 31 2.8
cow, lactating, 20 kg of milk 18.5 60 60 3.3
cow, lactating, 40 kg of milk 23.5 101 101 4.3
Beef cattle, intermediate type °
1000 g growth/day, 100 kg BW 3 28 28 9.2
1200 g growth/day, 250 kg BW 6 32 32 5.3
1100 g growth/day, 500 kg BW 9 32 32 3.6
Veal calves °
1150 g growth/day, 150 kg BW 4.5 31 31 6.8
1450 g growth/day, 275 kg BW 7 36 36 5.2
Sheep (75 kg BW)
growing lamb, 0.3 kg growth/day, 40 kg BW ° 1.6 5,8 5,8 3.6
sheep, pregnant, last trimester 1.9 3,8 3,8 2,0
sheep, lactating, 3 kg of milk, nursing 2 lambs 2.6 10 10 3.9
Goats (70 kg BW)
goat, pregnant, last trimester 1.7 2,8 2,8 1.6
goat, lactating, 4 kg of milk 3.2 10 10 3.2

% The expected mature BW of steers and rams was assumed to be 1100 and 115 kg, respectively. Changes in
assumed mature BW result in relatively small changes in Ca requirements.

Using the AFRC equation for the Ca content in growing tissues, the mature body of dairy
cattle (650 kg BW) will contain 9.83 g Ca/kg BW [4]. This means the body of a 650-kg cow
contains £ 6.4 kg Ca. Thus, a Ca depletion of 10-20% of body stores, as can occur in early
lactation [121], equals 640-1280 g of absorbed Ca. As depletion of body stores mainly
occurs during late pregnancy and during lactation [121], body stores will have to be
repeleted during late lactation and during the first part of the dry period. If 640-1280 g Ca
has to be repleted in 4 months, this equals 5-10 g of absorbed Ca/day during this period. For
a cow producing 20 kg milk and with a DMI of 18.5 kg, this means an extra requirement of
0.3-0.5 g Ca/kg DM. Therefore, allowances for late lactation may be marginal for dairy cattle.
However, it is not clear as to what extent an increase of the true Ca absorption (5-10%
would suffice) will occur in response to this extra Ca need.
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6 CRITERIA TO JUDGE CALCIUM STATUS

6.1 Possibleindicators of Ca status

Diagnosis of acute Ca-response disorders, such as milk fever (hypocalcaemia, parturient
paresis), is principally made on the basis of the clinical picture (see chapter 7). Subsequent
determination of the serum Ca concentration (sample taken before the start of treatment) will
confirm the diagnosis. Values below 1.5 mM in periparturient dairy cows, ewes and goats
are indicative for milk fever [14;28;77]. During the course of milk fever, plasma Ca may even
fall to values around 1.0 mM [121]; for healthy ruminants normal values range from 2.0-2.5
mM [28;121], 2.9-3.2 mM (sheep) or 2.2-2.9 (goat; B.G.F. Kessels, Utrecht University,
personal communication). Values > 3 mM are considered toxic for cattle [95;121]. In animals
that died from milk fever vitreous humor from the eyeball can be used to confirm the
diagnosis, as the Ca concentration in this fluid reasonably correlates with the plasma Ca
concentration. Values below 0.9 mM indicate for milk fever [95;121].

In cases of chronic Ca deficiency serum Ca levels can be below the normal range [121], but
this is not always the case [29]. Determination of Ca concentrations in hair is not suitable for
the prognosis of Ca-responsive disorders [100]. If the Ca content of the ration is too low,
extra Ca should be supplied via the feed. However, because of the capability of ruminants to
adapt their Ca absorption to a wide range of dietary Ca concentrations (see chapter 4) and
because of the importance of vitamin D, P and Mg supply for proper Ca absorption (see
chapter 2), determination of solely a normal Ca content of the ration is not always sufficient
to judge Ca supply. Finally, assessment of bone quality cannot be used as a sole parameter
of chronic Ca deficiency, because of the many other factors influencing bone mineralization
[121].

6.2 Conclusion
Under practical circumstances, mainly in acute cases of Ca deficiency, determination of

serum or plasma Ca will be a suitable parameter of Ca status. Judgement of long-term Ca
supply requires determination of Ca, P, Mg (as well as vitamin D) supply.
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7 DEFICIENCY

Calcium deficiency in ruminants can be either acute or chronic. Acute Ca deficiency usually
occurs in dams around parturition, although it can sometimes also occur during lactation.
Acute Ca deficiency occurs mainly in older cows, as they usually produce more milk and are
less able to increase their Ca absorption and mobilization than younger ones. The clinical
picture of the resulting hypocalcaemia is known as milk fever, parturient paresis, melkziekte
(Dutch) or festliegen (German).

A cow suffering from milk fever is weak, recumbent and/or unable to rise. She is found lying
on her sternum with the head turned to the flank. The eyes are dull and the pupils dilated.
The extremities are cool. The cow usually does not eat. The pulse rate is normal or elevated
and the temperature is normal. The digestive tract is atonic and the anus relaxed. When the
cow is still calving, birth of the calf is delayed. The condition can end up in coma and death.
Untimely therapy can result in a downer cow.

In ewes, the clinical picture is somewhat different. The condition can occur between 6 weeks
before to 10 weeks after lambing. Highly conditioned ewes are more prone than lean ones.
The onset is usually sudden, and up to 30% of the flock may be involved in the outbreak.
Although the etiology is not fully understood, abrupt changes in feed (intake), weather or
other circumstances (transportation) are usually involved. Affected ewes are slight
hyperexcitability, muscle tremors and a stilted gait. Later on, dullness, lying down with the
hindlegs stretched backward, tympany and regurgitation, staring eyes and shallow
respiration dominate. Finally, coma and death may ensue.

In animals in advanced gestation, a condition called transport tetany may occur. Some form
of Ca deficiency is thought to be involved. Symptoms during or after transport may be
restlessness, hyperexcitability, paralysis and a staggering gait. Later on, the picture more or
less resembles that of milk fever in cows. Pulse rate may increase to 100-120 and
respiration is rapid and labored. Congestion of the mucous membranes and extreme thirst
may develop. Unless treatment is inserted, animals may die within a few days [1;121].

Today, chronic Ca deficiency in ruminants is rare. Poor appetite and growth and, in the
longer term, bone mineralization disorders can be observed. In young animals,
malformations of teeth, jaws and legs, enlarged and painful joints and a stiff gait can be
observed. This condition is called rickets and can develop within 4 weeks from birth. This
can i.a. occur when the ration contains a Ca:P ratio < 1:1 [31;105]. In mature animals,
painful joints, a stiff gait and fractures of the bones can be the symptoms of the condition
called osteomalacia [121].

7.1 Direct measures in deficiency cases

7.1.1 Direct continuous supplementation

To supply a sufficient amount of Ca via the gastrointestinal tract, 400 g Ca phosphate or 250
g CaCO; should be given orally as soon as the swallowing reflex has returned. The cow
should be given palatable roughage and some Ca-containing feeds (concentrates, sugar
beet pulp) [122].
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7.1.2 Direct discontinuous supplementation

Recovery is usually very rapid and remarkable after intravenous application of 7-10 g Ca
(cow)* under careful auscultation of the pulse rate. Non-responding animals should be re-
treated after 8-12 hours. Care must be taken to avoid tissue irritation. For sheep and goats,
the dose is % of the dose mentioned for the cow. Affected sheep should be handled with
care to prevent deaths due to heart failure [1;121].

7.1.3 Slow release oral supplementation

Assuming a good-quality ration, containing adequate amounts of Ca, P, Mg and vitamin D is
supplied, no special preparates for slow oral supplementation are necessary.

% E.g. a soltution in a 450 mL-flask containing 7.2 g Ca from Ca borogluconate and 2 g Mg from
MgCl,.
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8 TOXICITY

Because of the extensive capacity of ruminants to decrease Ca uptake from the
gastrointestinal tract, Ca itself can be considered hardly toxic. Only when the Ca uptake
regulation is overruled by massive doses of vitamin D; a life-threatening tissue calcification
due to hypercalcaemia can occur. Consumption of the plant Solanum malacoxylon
(containing vitamin D analogues) can cause tissue calcification. However, as this plant does
not occur in the Netherlands, it is not of practical importance [56;121;131]. Hypercalcaemia
can also be secondary to a P deficiency [121]. Finally, long-term excessive Ca
concentrations in the feed can be detrimental to the uptake of other elements, such as P,
Cu and Zn and clinical symptoms can originate from deficiencies of these elements
[53:60;76]. If the Ca:P ratio is kept constant on 2:1%, the effects of high Ca intakes (23.4
g/kg of ration) on bovine Cu metabolism are less severe [60].

8.1 Direct measures in toxicity cases
Normalization of the mineral contents of the feed is the main measure to be taken in case of

Ca excess. This can include removal of Ca and/or vitamin D supplements and increasing the
P content of the ration, e.g. by feeding more grains [121].

% By adding tricalcium phosphate instead of calcium carbonate to the maize silage/hay/grains

ration.
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9 PREVENTION OF DEFICIENCY

9.1 Short-term prevention strategies

To prevent Ca deficiency, adequate Ca, P, Mg and vitamin D supply via the ration should be
ensured [121]. Special attention should be paid to the supply of these nutrients in the ration
of young, growing animals and dry cows (transition to the lactation ration). Although feeding
rations low in Ca to dry cows in order to increase Ca absorption rates is theoretically right, in
practice it is not possible to design dry cow rations both supplying all nutrients needed, being
cost-effective and sufficiently low in Ca [15]. Possibly, feeding anion-rich rations during the
last weeks of the dry period can give a small contribution to increasing Ca absorption just
after parturition [120;127]. To maximize feed intake around parturition, care should be taken
not to overfeed the cows during the last stage of the preceding lactation and the subsequent
dry period. During the last weeks before parturition, cows should be adapted to the roughage
fed to the lactating cows [120].

In sheep, risk factors for the occurrence of Ca deficiency or transport tetany should be
avoided. Loading of pregnhant animals for shipment should be accomplished with a minimum
of excitement (see chapter 7).

9.2 Long-term prevention strategies

Liming of soils has only a limited effect on Ca content of forages and, therefore, cannot be
relied on to ensure an adequate Ca supply to ruminants [28]. On the other hand, liming can
be very useful to correct soil pH and to stimulate grass growth [27]. If the Ca content of the
forage is to be increased, application of a grass-white clover mixture can be considered.
White clover contains more Ca than adjacent grasses (e.g. 24 vs. 6 g CaO/kg DM for white
clover and grasses, respectively) [19]. White clover is less suitable for peat soils, as the soil
pH on these soils is often too low to enable the white clover to develop [27].

Table 5 Inventory of Ca allowances for cattle, sheep and goats as used in some
foreign countries (g/kg DM)

Allowance
Country |Ref. | Cattle Ref. | Sheep Ref. | Goat
GB [4] Dairy cattle [4] Growth: 1.4-7.0 [5] Growth:
Gestation: 1.8-3.6 Gestation: 1.3-4.3 7.2 (20-kg male)
Lactation: 2.2-5.3 Lactation: 2.3-4.9 4.5 (30-kg female)
Beef cattle: 1.0-11.4 Gestation: 3.1
Early lactation: 5.2
USA® [84; |Dairy cattle® [83] |Growth: 3.5-8.2 [82] |Gestation 3.5°
85] | Gestation: 4.4-4.8 Gestation: 2.5-4.0 Lactation 3.8°
Lactation 5.3-6.7 Lactation: 3.0-3.9
Beef cattle Rearing: 3.0-5.3
Growth: 1.7-7.1
Gestation: 1.9-4.8
Lactation: 1.5-7.0
Germany |[45] |Dairy cattle ? [10] | Growth: 2.3-6.3
Growth: 150 - 550 kg BW: Gestation:
6.6-3.7 (500 g growth/d) <4 mo: 2.6
8.6-4.2 (800 g growth/d) >4 mo: 4.4
Gestation: 3.2 Lactation: 2.7-4.4
Lactation: (1-6 kg of milk)
3.2-6.9 (5-50 kg of milk/d)
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Allowance

Country |Ref. | Cattle Ref. | Sheep Ref. | Goat

France [51] | Dairy cattle [51] | Growth: [51] | Lactation:
Gestation: 3.6-4.2 5.0-6.0 (< 200 g 6.0-7.0 (< 3 kg/d)
Lactation: growth/d) 7.5-8.5 (> 3 kg/d)
6.5-7.2 (20 kg of milk) 7.0-90 (> 200 g
7.0-7.3 (40 kg of milk) growth/d)
Beef cattle Gestation, early
Growth: lactation:
100-200 kg BW 7.0-8.0

5.5-6.0 (700 g growth/d)
9.0-10.0 (1400 g growth/d)
200-400 kg BW

5.5-6.5 (700 g growth/d)
8.0-9.5 (1400 g growth/d)
400-600 kg BW

5.0-5.5 (700 g growth/d)
7.5-8.0 (1400 g growth/d)

& Allowances for cattle are expressed in ppm feed as fed; as DM contents of the feeds are not given, allowances
bcannot be calculated in ppm (DM)
minimum requirements
¢ assuming 1.7 kg DMI
d assuming 3.2 kg DMI and 4 kg milk yield/d
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