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SUMMARY

Twenty-four dry cows were divided into 3 groups and fed maize silage, meadow hay and ground
barley in amounts covering their nutritients, calcium and phosphorus requirements according to
INRA, DL.G or NRC siandards. Mineral mixture - Polfamix, produced according to our formula,
WaCl, limestone and ammeonium phosphate were used as vitarnin-mineral additives. The digestibility
of dietary nutrients and nitrogen and mineral (Ca, P, Mg, Na, Zn and Cu) balance were determined in
cach cow 3-4 weeks before calving.

Nutrients digestibility, calcium absorption (46.3%) and retention (25 g/d/cow) were higher in
cows fed according to INRA standards than using the DLG and NRC systems. [n cows from all
groups, absorption (14-24%) and retention (3-7 g/d/cow) of phosphorus were low, but the highest
values were in cows fed according to the INRA system. True absorption of Ca and P calculated
according to the DLG and TNRA systems equaled, respectively: Ca, 60-64 and 62-65%; P, 42-57 and
65-87%. Serum Ca and P levels in the cows corresponded to the retention of these elements.

KEY WORDS: dry cows, mincrals, feeding standards, absorption, blood, colostrum

INTRODUCTION

Intake and absorption play a decisive role in meeting the mineral requirements
of all animals (Anke and Grun, 1982; Hemingway, 1982), but in the case of
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ruminants, the conditions prevailing in the rumen are an additional determinant
{Belibasakis and Triantos, 1991). The mineral requirements set in various feeding
systems differ considerably, especially in respect to calcium and phosphorus
(ARC, 1980; INRA, 1988; NRC, 1978, 1989; DLG, 1986; Polish standards, 1985,
1993). The values used to calculate net requirements differ depending on the
system and pertain to the way which endogenous losses are calculated, e.g. in the
case of phosphorus, or to the degree of utilization of a given component, e.g.
calcium. In earhier studies, endogenous losses were correlated with the weight of
the animal (Field, 1983). Currently, it is believed that the intake of dry matter has
a greater effect on these losses since calcium and phosphorus are excreted mainly
with faeces. According to the NRC standards (1989), endogenous calcium losses
per kilogram dry matier equial 1.54 g, while according to the GfE standards
(1992), these losses are estimated as | g/kg dry matter. According to the same
standards, phosphorus losses are also accepted as 1 g/kg dry matter.

When calculating the calcium requirement, a maximum utilization of 68%
was assumed in the ARC system (1980), i.e. almost twice as much as in the INRA
standards (1988). Recently, calcium utilization coefficients were decreased by 1/5
in the English AFRC standards (1991) in comparison with the ARC require-
ments (1980), while in the German standards, they were raised from 40 (GfE,
1986) to 50% (GfE, 1992). The phosphorus utilization coefficient was also
changed in the German standards from 60 to 70%, which led to smaller
drffercnces between the ARC and GfE standards. The differences in phosphorus
requirements stem mainly from difficulties in precisely determining endogenous P.

Because the phosphorus and calcium requirements differ among standards,
their Ca:P ratios also vary: this ratio in the AFRC norms is about [:1, in the
INRA system (1988), 2:1; in the NRC (1978, 1988) and DLG standards, about
1:5. The studies by Ferrell et al. (1982) and Rohr (1989) played an important role
in developing requirements for dry cows.

The purpose of these experiments was to determine calcium and phosphorus
absorption in dry cows fed according to INRA, DLG and NRC standards and to
determine the optimal values for cows in Poland.

MATERIAL AND METHODS

The experiment was conducted on 24 Black-and-White Lowland cows with an
average body weight of about 600 kg and milk vield of 5000 kg that, during the
dry period (about 60 days before calving), were allotied to 3 dietary groups of
8 cows each, using an analogue method taking inte account successive lactation,
I to IV, The animals were maintained on straw litter and fed maize silage,
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TABLE |
Design of experiment
. Groups
Feedstuff and additives
1 INRA [T DLG 1T NRC
Muaize silage, kg 25.0 21.0 20.0
Mcadow hay, kg 4.0 3.0 30
Wheat straw, kg 1.0 1.0 1.0
Ground barley, kg 0.4 04 04
Premix', g 100 100 100
Ammonium phosphate, g 43 43 9
Limestone, g 25 - —
Common salt, g 25 25 25
In the daily ration:
dry matter, g ' 10937 9078 3808
crude protein, g 984 811 760
PDIE, g 705 580 365
PDIN, ¢ 586 479 465
NEL, MJ 58.23 48.27 46.87
UFL 8.50 7.04 6.83
FFV (roughages) 12,92 LFU 16.74 LFU 1043 LFU
Ca, g 57(57) 38(38) 38(36)
P g 35(33) 31(30 22{20)
Mg, g 22(13) 18(14) 18(16)
Na, g 15 14 14
Zn, mg 592 520 512
Cu, mg 102 84 82

in parenthesis-requirements according to different standards
! — wheat bran; per lkg: vit. A — 500 000 TU; vit. D3-50000 IU; vit. E — 2000 IU; (Co) — 10 mg;
(Se} ~ 15 mg; (D - 30 mg; (Zn) — 2000 mg

ground barley (Table 1). The cows were fed individually, twice daily, with a diet
that covered their requirements according to the appropriate standards. All of the
animals received common salt and polfamix, prepared according to own recipe, as
mineral and vitamin-mineral supplements (Table 1). In order to cover the animals’
calcium and phosphorus requirements, the diets of the animals fed according to the
INRA (group I), DLG (group IT) and NRC (group III} standards were supplemented
with limestone and ammonium phosphate.

Digestibility-balance studies were carried out 3-4 weeks before calving using
a conventional method on 12 cows (4 from each group). The preliminary pertod
lasted 28-32 days, the collection period — 7 days. During this time, feed, additives
and refusals were weighed daily. Daily faeces and urine collections were made,
using 10% total volume (preserved with 109 HCI) for chemical analysis. Colost-
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TABLE 2
Nuirients and mineral contents in feedstuffs

Feedstuff

Maize silage Meadow hay  Ground barley  Wheat straw

Nuftrents, %

Dry matter 24.6 84.78 85.61 88.21
Crude protein 2.16 8,63 10.09 2.04
Ether extract 0.98 1.48 2.21 1.09
Ash 2.27 6.17 278 4.75
Crude tibre 6.32 23.7% 433 33.31
N-[ree exiractives 12.93 44.71 66.20 47.02

NEL (cnergy), MJ 1.40 4.36 7.49 2.79

Mincrals
Ca, g 1.29 3.06 1.35 2.32
P.g 0.63 ) 1.97 320 0.46
Mg, g 0.69 0.39 1.26 0.68
Na, g 0.12 0.44 0.33 0.18
Cu, mg 2.47 3.41 8.08 3.69
Zn, mg 8.60 36.84 51.54 8.60

TABLE 3

Coefficients of apparcnt digestibility of nuirients and nitrogen batance

Indices Groups SEM

[ INRA Il DLG [T NRC

Coefficients of apparent digestibility, %
organic matter 65.3 61.3 62.0 3.8
crude protein 46.8 51.4 50.3 3.8
cther extract 71.0 70.9 74.1 3.8
crudc fibre 67.74 56.5" 61.1* 5.7
N-free extractives 70.6* 61.4° 66,178 5.1

Nitrogen balance
N-intake, g 147.3* 126.8° 119.9° 12.7
N-laeces, g 78.3* 61.6" 59.6" 10.0
N-urine, g 39.34 40.0 382 4.70
N-rctention, g 29.7 25.2 221 8.86

% 20.2 19.9 18.4 4.0

a, b=P<0.05; A, B=P<0.01
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using 10% total volume (preserved with 10% HCI) for chemical analysis.
Colostrum samples from the first milking were taken from ecach cow after
calving.

The nutrients content of feeds, taeces and urine were, determined using
conventional methods, minerals were determined after previous mineralization
using hydrochloric and perchloric acids by atomic absorption (Zeiss AAS-3),
while phosphorus by spectrophotometric measurement of complex with vanada-
te. At the end of the experiment blood was sampled from the jugular vein for
determination of mineral elements in serum (Ca, inorganic P, Mg, Zn, Cu) and
glucose using kits from POCh Gliwice (Poland).

The results were subjected to statistical analysis using variance analysis and
Duncan’s multiple interval test.

RESULTS

The chemical composition of feeds 1s given in Table 2.

The digestibility coefficients of feed nutrients were not high, which rcsults
both from the physiological status of the cows and feeding regimen (Table 3). The
digestibility of raw fibre and N-free extractives was higher (P<0.01)in group 1,
fed according to INRA standards. The lowest carbohydrate digestibility
coefticients were found in the animals in group II, fed according to the DLG
system.

Nitrogen intake differed considerably between groups which was the result of
different amounts of offered feed, in accordance with the different systems. Cows
in group I (INRA) excreted more nitrogen in faeces than in the other groups,
while urinary nitrogen excretion was similar. Nitrogen retention was positive in
all of the groups, regardless of the feeding standards used; the slight differences
stemmed from the differences in nitrogen intake.

Because of the differences in feed intake resulting from different feeding
standards, cows in group I (INRA) consumed the most Ca. Significantly higher
(P < 0.05) calcium absorplion and retention was found in this group. It should be
noticed that only small amounts of Ca were excreted in unne (Table 4), Cows fed
according to the NCR system (group III} ingested the least phosphorus
(P <0.01). Apparent absorption of this element was low and ranged from 15 to
24%, while retention from 3 to 7 g/d/cow. Both absorptlion and retention of
P were significantly higher in the cows fed according to the INRA system than in
the remaining groups. Only small amounts of phosphorus were excreted in urine.
Based on the retention of calcium and phosphorus (Table 4), it can be concluded
that both the amount of Ca and the Ca:P ratio were optimal when feeding cows
according to the INRA system. The high relention of calcium in the INRA
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TABLE 4
Apparent absorption and Ca and P balance
Indices Groups SEM
I INRA I1 DLG III NRC
Ca intake, g 54,74 39.4% 38.8° 8.2
Ca oulput, g
in faeces 29 44 23.28 23.88 34
in urine 02 03 0.3 0.2
Ca retention, g 2510 15.9° 14.7° 54
% 4594 40.4 37.9% 4.6
absorption, % 46.3% 41.2 38.7% 4.4
P intake, g 332 29.9 216 53
P output g
in faeces 2517 257 {7.7° 4.3
in uring 1.1 1.1 1.1 0.5
P retention, g 7.0° 318 2.8° 28
% 21.1# 10.4 129 8.2
absorption, % 24 44 14.3% 18.1° 5.7

a, b=P<0.05 A, B=P<0.01

system is also the resulf of the highest dietary calcium intake. True absorption of
calcium and phosphorus was also calculated, taking into account endogenous
losses according to the INRA and DLG systems. According to INRA (1988),
endogenous Ca and P are calculated per kilogram body weight and equal 15 mg
tor Ca and 25 mg for P, while according to the DLG standards (GfE, 1986)
endogenous losses are calculated against the amount of consumed feed dry
matter and equal 1 g Ca and 1 g P per kilogram DM. Calcium absorption
caleulated according to INRA ranged between 62 to 65%, while according to
DLG, from 60 to 64%. Phosphorus absorption differed considerably and
equaled 65-87% and 42-57%, respectively (Table 8).

The Mg intake (Table 5) was highest in cows fed according to the INRA
system, lower in the DLG and NRC systems. Excretion of this major element in
faeces was similar using the INRA and DLG systems (groups 1 and II) and
significantly lower (P < 0.05) in the NRC group (I1I). The urinary Mg content -
indicates that the cows were well supplied with this element. Magnesium
absorption ranged from 24 to 31 %, retention from 2 to 4 g/d/cow. Significantly
higher Mg retention was found in group 1 (INRA).

Sodium uptake differed among the compared groups. The cows in group
1 (INRA) consumed the most sedium (P <0.05). Sodium excretion in faeces and
urine were, however, similar in all of the groups. The values obtained for Na
absorption and retention ranged from 78 to 81% and from 9.2 to 9.6 g/d/cow.
They were similar in all of the groups regardless of the feeding system used.
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TABLE 5
Apparent absorption and digestibility of Mg and Na
Indices Groups SEM
1 INRA IT DLG IIT NRC
Mg intake, g 20.2% 17.578 17.128 1.7
Mg outpul in faeces, g 14.07 13.3 12.0 1.8
in urine, g 2.3 2.4 33 0.9
Mg retention, g 39 1.9° 1.8 1.9
Yo 19.1° 10.8° 10.6° 9.1
absorption,% 30.7 24.2 301 12.0
Na intake, g 14.4* 13.7° 13.5" 0.3
Na output
in [aeces, g 3.2 3.0 2.6 1.0
in urine, g 1.5 1.3 1.7 0.3
Na retention, g 2.6 9.4 9.2 0.9
%o 67.0 68.5 68.0 6.8
absorption, % 717 78.2 80.9 6.8

a, b=P<0.05 A, B=P<0.01

Zinc uptake was similar (Table 6) and rather high, equaling about 50 ppm per
kg dry matter. Absorption of zinc in all of the cows, regardless of the feeding
system, was high and ranged from 74 (DLG, group I1) to 78% (INRA, NRC,
group 1 and 11). Zn retention ranged from 322 in group 11 to 371 mg/d/cow in

group L.
TABLE 6
Apparent absorption and Zn and Cu balance
Tndices Groups SEM
I INRA II DLG ITT NRC
Zn intake, mg 518 475 470 317
Zn output, mg
in facces 116 123 101 40.1
in uring 31 30 34 7.3
Zn retention, mg 71 322 335 42.3
Yo 71.6 67.8 71.3 8.2
absorptiofp 77.6 74.1 78.5 77
Cu intake, mg 91.2° 78.5° 7170 9.5
Cu output, mg
in faeces 21.9 28.0 25.0 5.7
in urine 9.8 7.4 10.9 3.5
Cu retention, mg 59.54 43.0° 41.7" i0
% 65.2° 54.8° 53.7° 7.5
absorption, % 80.0* 64.3° 67.8% 10.7

4, b=P<0.05; A, B=P<0.01
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TABLE 7

Blood and Serum indices of dry cows

Indices Groups SEM

T INRA Il BLG Il NRC

Glucose, mmol/l 22 23 2.2 0.2
Urea, mmol/] 4.1 3.6 32 0.6
Ca, mmol/l 2.4 2.6 2.0 0.3
Inorganic P, mmol/] 1.8 1.7 1.7 0.2
Mg, mmol/! 0.9 1.0 0.9 0.1
Cu, gmol/! 11.2# 9.9 1.2 09
Zn, ymol/l 3.5 28.0% 34,38 4.0

a, b=P<0.05 A, B=P<0.0]

Copper intake ranged from 8 to 9 ppm per kg DM and was greater (P < 0.05)
in group I (INRA) than in the remaining groups, which is corroborated by the
higher apparent absorption (P<0.05) as well as by the highest (P<0.01)
retention of Cu in this group. Absorption of copper was high, from 64 to 80%,
retention cqualed from 42 (group I1I NRC) to 539 mg/d/cow (group I INRA).

The biochemical composition of blood and serum is given in Table 7. The
copper and 7inc levels were higher (P < (.05) in the serum of cows in groups I and
LI (INRA and NRC) in comparison with group II (DLG).

The highest dry matter, crude protein, urea, zine and copper levels were found
in the colostrum of cows fed according to the INRA system {group I; Table 9).
The phosphorus content was also higher (P < 0.05) in this group, which clearly
correlated with its rctention in group 1 (INRA). The least dry maller, crude
protein and fat was in the colostrum of cows fed according to the NRC system
{(group 1II).

TABLE 8
True absorption of Ca and P, %, calculated according to the INRA and DLG methods (taking into
account endogenous losses)

According to Element Groups SEM
T INRA II DLG 111 MRC
DLG
Ca 64.0 62.7 60.4 34
P 53.6 42.3 57.0 9.9
INRA
Ca 654 64.2 62.0 4.3
P 64.7° 70.0¢ 87.3° 132

a4, b=P<0.05
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TABLE 9

Chemical composition of colostrum
Indices Groups SEM

I INRA 11 DLG I NRC
Dry matter, % 242 229 20.0 3.2
Crudc protein, % 13.9 1.9 10.6 3.0
Fat, % 7.4 7.3 6.2 1.7
Lactose, % 23 2.2 29 0.7
Urea, % 8.9 6.5 7.0 1.9
Ca, g'kg 1.6 1.4 1.6 0.3
P. g/kg 1.7 1.3 1.5 0.3
Mg, g'kg 0.3 0.2 0.3 0.1
Na, g/'ke 0.6 0.7 0.9 04
Cu, mg/kg 1.5 1.4 1.3 0.3
Zn, mg/kg 24.3 22.3 21.8 6.6
a, b=P<0.05
DISCUSSION

The digestibility of the nutrients and nitrogen retention in cows fed according
to the tested feeding standards (Table 3) point 1o the superiority of the INRA
system over the DLG and NRC systems, but it must be noticed that nitrogen
relention in the cows of all of the groups was positive, despite some differences
in nitrogen content of the rations. Significant differences (P < 0.01) were found
in nitrogen absorption in cows fed according to the INRA and NRC systems,
with absorption being lower in the latter, even in comparison with the DLG
system.

As expected, calcium retention was higher in group T (INRA) since the
calcium content of this ration was the highest. Differences in Ca retention were
significant (P <0.05); in the DLG and NRC system Ca retention equaled about
15 g/fd, while in the INRA system, 25 g/d. Calcium absorption was within the
range given in the NRC standards (1988) and by Hibbs and Conrad (1983).
According to American and French authors, average calcium absorption in dry
and laclating cows is about 38% (Jimenez, 1980; Cathcart et al., 1983; Gueguen
et al. 1987).

The absorption of phosphorus was rather low. Similarly as in the case of
calcium, P absorption in cows fed according to the INRA system was highest.
The difference was highly significant against that in cows fed according to the
DLG system and significantly different from those fed according 1o the NRC
systcm. Phosphorus retention was also low and equaled from between 3 to 7 g.
A significantly higher value was obtained using the INRA system. The ratio of
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phosphorus to calcium retention did not equal 1:1.7, as given by Hibbs and
Conrad (1983). According to the American standards (NRC, 1989), P absorp-
tion in cows is estimated at about 50%. The low absorption and retention of P in
terms of all of the examined standards may be the result of the rather low
P supply in the rations for dry cows and large endogenous losses of this major
element. Under these conditions, the values obtained in this study for both
digestibility and retention of P seem appropriate. It should be noticed that all of
the obtained values of Ca and P absorption seem considerably lower than the
absorption of the same major elements by cows after calving. These results have
been confirmed by Kinal et al. (1995) in lactating cows. True absorption of
calcium calculated according to the INRA and DL.G methods was similar and
ranged between 62 to 65%. These values are higher than those given for lactating
cows in the INRA system (30-35%) and from true calcium absorption assumed
in the GfE (50%). The results obtaincd for true absorption of calcium
correspond with the results of a study carried out in Great Britain by Field
(1983), in which he demonstrated that when calcium is supplied very scarcely, its
absorption rises to 70%, while with a large excess, calcium absorption drops to
30%. The Ca doses used in the current study should be viewed as very scarce,
therefore the absorption of this major element must have been high.

The values of true phosphorus absorption were distinctly higher when the
INRA system was used. In groups I (INRA)and 11 (DLG), absorption was close
Lo values accepted for lactating cows. When small doses of phosphorus were
given (the NRC system), P absorption was higher. When assuming a P retention
value according to the DLG and NRC systems, it was shown that absorption of
this clement was on the borderline requirement of the developing fetus, while in
the TINRA system, P retention was double the fetal requirement (Rohr, 1989).

Magnesium retention was higher when the INRA system was used (P < 0.(5).
The results oblained in this study are confirmed by those of Jimenez (1980}, Stec
(1985), Teller and Godean (1987). According 1o the ARC system (1980), true
absorption of magnesium from grass and hay in cows ranged from 12 to 37%.

Absorption and retention of sodivm was similar in all of the groups.
According to NRC data (1989) 0.1% Na in the dry matter of a ration for dry
cows gives a positive sodium balance.

Absorption and retention of zinc was similar in all of the groups, which
resulted from similar Zn contents in the rations. Miller (1975) points out that Zn
absorption depends on the ration’s content of phosphorus, copper and vitamin D.
In the case of copper, high absorption and retention of this element was found,
especially in cows fed according to the INRA system, but the obtained values
were higher than those given in the ARC requirements (1988). According to Roy
(1988), Cu utilization in lactating cows ranges from 5 to 10% of the amount in the
ration.
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Most of the carbohydrate, protein and mineral metabotlism indices in the
blood and serum of dry cows were within normal physiological range. The
glucose level was rather low in group I (INRA), while the urea level in this group
was highest. These values may indicate that the energy and protein levels are not
completely balunced in this ration. In the remaining two groups the glucose and
urea levels were similar and within normal values.

A reliable indicator of the degree of coverage of the mineral requirement in
cows is the mineral level in blood and colostrum. The blood Ca level in this
experiment was relatively high, while the level of inorganic P rather low, which
corresponds with the obtained retention values of these elements. Kruczynska
(1992) also found a high serum Ca level in dry cows, while the data reported by
Lotthammer (1989} indicate that the physiological minimal scrum Ca level is
2.4 mmol/l for cows after calving. According to Tremblay and Baird (1991) the
minimum level are, 2.05 mmol/l for Ca and 1.19 mmol/i for P. The magnesium
level in all of the groups should be considered good and is similar to the values
obtained by Kruczyniska (1992). The serum zinc level was rather high, while the
copper level was low. The high serum Zn level can perhaps be the eftect of its high
concentration in the ration. These values were similar to those rcported by
Kruczynska (1992).

The highest dry matter, protein and fat contents in colostrum were found in
cows [rom group I (INRA). The lowest values were in cows fed according to
NCR (gr. 11T} standards, and may be the result of the rather scarce ration used in
this system. The Ca content in colostrum was both similar in all of the groups and
similar to the values found by Strusinska (1994). In the case of phosphorus, its
higher level was found in cows of group 1 (INRA) in comparison with the
colostrum from cows fed according to DLG standards (group II). The
magnesium, copper and zinc levels in colostrum of cows fed using the
INRA system were also somewhat higher than the values found in group
II (DLGQG), although these differences were not statistically significant. The
refatively high copper level, higher than Strusinska reports in her study (1994), is
noteworthy.

CONCLUSIONS

The results indicate providing calcium and phosphorus according to the
INRA (1988) system requirements leads to supcrior organic nutrient diges-
tibility, absorption of minerals and colostrum composition.

Apparent absorption of calcium in dry cows are similar to thesc valuesin cows
in the peak of lactation, while the apparent absorption of phosphorus is
considerably lower.
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The values of true caleium absorption calculated according to the INRA and
DLG systems were similar and higher than recommended in the INRA system.
The true absorption of phosphorus was closer to the values accepted in the INRA
system, although there were differences between the DLG and INRA systems.

Taking into account the very low phosphorus retention found using the DLG
and NRC systems and the unreduced absorption of calcium in cows fed
according 1o the INRA system, it should be concluded that under Polish
conditions, the INRA system provides the best ¢overage of calcium and
phosphorus requirements of dry cows.
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STRESZCZENIE
Pordwnanie zapotrzebowania na wapi i fosfor u kréw w okresie zasuszania wedhig roinych norm

Dwadziescia cztery krowy w okresie zasuszenia, podzielone na 3 grupy, zywiono kiszonka
z kukurydzy, sianem takowym 1 $ruta jecrmienng pokrywajae ich potrzeby na skladniki pokarmowe
oraz wapn i fosfor wg norm INRA, DLG lub NRC.

Jako dodatki mineralne i mineralno-witaminowe stosowano Polfamiks, sporzadzony wg
receptury wiasngj, NaCl, krede pastewna i fosforan amonu. Na 3-4 tygodnic przed ocieleniem na
4 krowach z kazdej grupy oznaczono strawnosé sktadnikdw pokarmowych oraz bilans N i sktad-
nikow mineralnych (Ca, P, Mg, Na, Zn i Cu).

Strwanos¢ sktadnikéw pokarmowych oraz absorpeja {46,3%) i retencia wapnia (25 g/dz/szt.)
byly wicksze u krow zywionych wg norm INRA niz norm DLG i NRC. U krow wszystkich grup
absorpcja {14-24%) 1 reiengya fosforu (3-7 g/dzfsz1) byly niskie, przy czym najwyzszc wartosci
otrzymano u krow zywionych wg systemu INRA. Absorpcja rzeczywista Ca i P obliczona wg
systemu DLG 1 INRA wynosi a odpowiednio: Ca 60-64% i 62-65%, P 42-57 1 65-87%. Poriom Ca
i P w surowicy krwi kréw korespondowat z wartodciami retencji tych pierwiastkow.





